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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART ONE

This part of the System Design Manual presents data and
examples to guide the engineer when preparing practical cooling and
heating load estimates.

After the load has been determined, the “Applied
Psychrometrics” chapter will bridge the gap between the load
estimate and equipment selection.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.
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CHAPTER 1.  BUILDIGN SURVEY AND LOAD ESTIMATE

     The primary function of air conditioning is to maintain
conditions that are (1) conducive to human comfort, or (2)
required by a product, or process within a space.  To
perform this function, equipment of the proper capacity
must be installed and controlled throughout the year. The
equipment capacity is determined by the actual
instantaneous peak load requirements; type of control is
determined by the conditions to be maintained during
peak and partial load. Generally, it is impossible to
measure either the actual peak or the partial load in any
given space; these loads must be estimated. It is for this
purpose that the data contained in Part 1 has been
compiled.
     Before the load can be estimated, it is imperative
that a comprehensive survey be made to assure
accurate evaluation of the load components.  If the
building facilities and the actual instantaneous load within
a given mass of the building are carefully studied, an
economical equipment selection and system design can
result, and smooth, trouble free performance is then
possible.
     The heat gain or loss is the amount of heat
instantaneously coming into or going out of the space.
The actual load is defined as that amount of heat which
is instantaneously added or removed by the equipment.
The instantaneous heat gain and the actual load on the
equipment will rarely be equal, because of the thermal
inertia or storage effect of the building structures
surrounding a conditioned space.
     Chapter 2, 4, 5, 6, and 7 contain the data from which
the instantaneous heat gain or loss is estimated. Chapter
3 provides the data and procedure for applying storage
factors to the appropriate heat gains to result in the actual
load. Chapter 8 provides the bridge between the load
estimate and the equipment selection. It furnishes the
procedure for establishing the criteria to fulfill the
conditions required by a given project.
     The basis of the data and its use, with examples, are
included in each chapter with the tables and charts; also
an explanation of how each of the heat gains and the
loads manifest themselves.
BUILDING SURVEY
SPACE CHARACTERISTICS AND HEAT LOAD
SOURCES
     An accurate survey of the load components of the
space to be air conditioned is a basic requirement for a
realistic estimate of cooling and heating loads. The

completeness and accuracy of this survey is the very
foundation of the estimate, and its importance can not
be overemphasized. Mechanical and architectural
drawings, complete field sketches and, in some cases,
photographs of important aspects are part of a good
survey. The following physical aspects must be
considered:

1. Orientation of building - Location of the space
to be air conditioned with respect to:
a) Compass points-sun and wind effects.
b) Nearby permanent structures-shading

effects.
c) Reflective surfaces-water, sand, parking

lots, etc.
2. Use of space(s) – Office, hospital, department

store, specialty shop, machine shop, factory,
assembly plant, etc.

3. Physical dimensions of space(s) - Length,
width, and height.

4. Ceiling height - Floor to floor height, floor to
ceiling, clearance between suspended ceiling
and beams.

5. Columns and beams - Size, depth, also knee
braces.

6. Construction materials - Materials and
thickness of walls, roof, ceiling, floors and
partitions, and their relative position in the
structure.

7. Surrounding conditions - Exterior color of walls
and roof, shaded by adjacent building or
sunlit.  Attic space - unvented or vented,
gravity or forced ventilation. Surrounding
spaces conditioned or unconditioned-
temperature of non-conditioned adjacent
spaces, such as furnace or boiler room, and
kitchens. Floor on ground, crawl space,
basement.

8. Windows - Size and location, wood or metal
sash, single or double hung.  Type of shading
device. Dimensions of reveals and overhangs.

9. Doors - Location, type, size, and frequency of
use.

10. Stairways, elevators, and escalators -
Location, temperature of space if open to
unconditioned area.  Horsepower of
machinery, ventilated or not.

11. People - Number, duration of occupancy,
nature of activity, any special concentration.
At times, it is required to estimate the number
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of people on the basis of square feet per
person, or on average traffic.

12. Lighting - Wattage at peak.  Type-
incandescent, fluorescent, recessed, ex-
posed. If the lights are recessed, the type of
air flow over the lights, exhaust, return or
supply, should be anticipated.  At times, it is
required to estimate the wattage on a basis of
watts per sq ft, due to lack of exact
information.

13. Motors – Location, nameplate and brake
horsepower, and usage.  The latter is of great
significance and should be carefully
evaluated.
The power input to electric motors is not
necessarily equal to the rated horsepower
divided by the motor efficiency. Frequently
these motors may be operating under a
continuous overload, or may be operating at
less than rated capacity. It is always advisable
to measure the power input wherever
possible. This is especially important in
estimates for industrial installations where the
motor machine load is normally a major
portion of the cooling load.

14. Appliances, business machines, electronic
equipment – Location, rated wattage, steam or
gas consumption, hooded or unhooded,
exhaust air quantity installed or required, and
usage.
Greater accuracy may be obtained by
measuring the power or gas input during times
of peak loading.  The regular service meters
may often be used for this purpose, provided
power or gas consumption not contributing to
the room heat gain can be segregated.
Avoid pyramiding the heat gains from various
appliances and business machines.  For
example, a toaster or a waffle iron may not be
used during the evening, or the fry kettle may
not be used during morning, or not all
business machines in a given space may be
used at the same time.
Electronic equipment often requires individual
air conditioning. The manufacturer’s re-
commendation for temperature and humidity
variation must be followed, and these
requirements are often quite stringent.

15. Ventilation – Cfm per person, cfm per sq ft,
scheduled ventilation (agreement with
purchaser), see Chapter 6. Excessive smoking
or odors, code requirements. Exhaust fans-
type, size, speed, cfm delivery.

16. Thermal storage – Includes system operating
schedule (12, 16 or 24 hours per day)
specifically during peak outdoor conditions,
permissible temperature swing in space
during a design day, rugs on floor, nature of
surface materials enclosing the space (see
Chapter 3).

17. Continuous or intermittent operation – Whether
system be required to operate every business
day during cooling season, or only
occasionally, such as churches and
ballrooms.  If intermittent operation, determine
duration of time available for precooling or
pulldown.

LOCATION OF EQUIPMENT AND SERVICE
    The building survey should also include information
which enables the engineer to select equipment location,
and plan the air and water distribution systems. The
following is a guide to obtaining this information:

1. Available spaces – Location of all stairwells,
elevator shafts, abandoned smokestacks, pipe
shafts, dumbwaiter shafts, etc., and spaces
for air handing apparatus, refrigeration
machines, cooling towers, pumps, and
services (also see Item 5).

2. Possible obstructions – Locations of all
electrical conduits, piping lines, and other
obstructions or interferences that may be in
the way of the duct system.

3. Location of all fire walls and partitions –
Requiring fire dampers (also see Item 16).

4. Location of outdoor air intakes – In reference
to street, other buildings, wind direction, dirt,
and short-circuiting of unwanted
contaminants.

5. Power service – Location, capacity, current
limitations, voltage, phases and cycle, 3 or 4
wire; how additional power (if required) may
be brought in and where.

6. Water service – Location, size of lines,
capacity, pressure, maximum temperature.

7. Steam service – Location, size, capacity,
temperature, pressure, type of return system.

8. Refrigeration, brine or chilled water (if
furnished by customer) – Type of system,
capacity, temperature, gpm, pressure.

9. Architectural characteristics of space – For
selection of outlets that will blend into the
space design.

10. Existing air conveying equipment and ducts –
For possible reuse.
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11. Drains – Location and capacity, sewage
disposal.

12. Control facilities – Compressed air source and
pressure, electrical.

13. Foundation and support – Requirements and
facilities, strength of building.

14. Sound and vibration control requirements –
Relation of refrigeration and air handling
apparatus location to critical areas.

15. Accessibility for moving equipment to the final
location – Elevators, stairways, doors,
accessibility from street.

16. Codes, local and national – Governing wiring,
drainage, water supply, venting of
refrigeration, construction of refrigeration and
air handling apparatus rooms, ductwork, fire
dampers, and ventilation of buildings in
general and apparatus rooms in particular.

AIR CONDITIONING LOAD ESTIMATE
     The air conditioning load is estimated to provide the
basis for selecting the conditioning equipment.  It must
take into account the heat coming into the space from
outdoors on a design day, as well as the heat being
generated within the space.  A design day is defined as:

1. A day on which the dry-and wet-bulb
temperatures are peaking simultaneously
(Chapter 2, “Design Conditions”).

2. A day when there is little or no haze in the air
to reduce the solar heat (Chapter 4, “Solar
Heat Gain Thru Glass”).

3. All of the internal loads are normal (Chapter 7,
“Internal and System Heat Gain”).

 The time of peak load can usually be established by
inspection, although, in some cases, estimates must be
made for several different times of the day.
     Actually, the situation of having all of the loads
peaking at the same time will very rarely occur. To be
realistic, various diversity factors must be applied to
some of the load components; refer to Chapter 3, “Heat
Storage, Diversity, and Stratification.”
     The infiltration and ventilation air quantities are
estimated as described in Chapter 6.
     Fig. 1 illustrates an air conditioning load estimate
form and is designed to permit systematic load
evaluation.  This form contains the references identified to
the particular chapters of data and tables required to
estimate the various load components.

OUTDOOR LOADS
The loads from outdoors consist of:
1. The sun rays entering windows – Table 15,

pages 44-49, and Table 16, page 52, provide
data from which the solar heat gain through
glass is estimated.
The solar heat gain is usually reduced by
means of shading devices on the inside or
outside of the windows; factors are contained
in Table 16.  In addition to this reduction, all or
part of the window may be shaded by reveals,
overhangs, and by adjacent buildings.  Chart
1, page 57, and Table 18, page 58, provide
an easy means of determining how much the
window is shaded at a given time.
A large portion of the solar heat gain is radiant
and will be partially stored as described in
Chapter 3. Tables 7 thru 11, pages 30-34,
provide the storage factors to be applied to
solar heat gains in order to arrive at the actual
cooling load imposed on the air conditioning
equipment.  These storage factors are applied
to peak solar heat gains obtained from Table
6, page 29, with overall factors from Table 16,
page 52.

2. The sun rays striking the walls and roof-
These, in conjunction with the high outdoor air
temperature, cause heat to flow into the
space. Tables 19 and 20, pages 62 and 63,
provide equivalent temperature differences for
sunlit and shaded walls and roofs. Tables 21,
22, 23, 24, 25, 27, and 28, pages 66-72,
provide the transmission coefficients or rates
of heat flow for a variety of roof and wall
constructions.

3. The air temperature outside the conditioned
space – A higher ambient temperature causes
heat to flow thru the windows, partitions, and
floors.  Tables 25 and 26, pages 69 and 70,
and Tables 29 and 30, pages 73 and 74,
provide the transmission coefficients.  The
temperature differences used to estimate the
heat flow thru these structures are contained
in the notes after each table.

4. The air vapor pressure – A higher vapor
pressure surrounding conditioned space
causes water vapor to flow thru the building
materials.  This load is significant only in low
dewpoint applications. The data required to
estimate this load is contained in Table 40,
page 84.  In comfort applications, this load is
neglected.
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FIG. 1-AIR CONDITIONING LOAD ESTIMATE
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5. The wind blowing against a side of the
building- Wind causes the outdoor air that is
higher in temperature and moisture content to
infiltrate thru the cracks around the doors and
windows, resulting in localized sensible and
latent heat gains.  All or part of this infiltration
may be offset by air being introduced thru the
apparatus for ventilation purposes. Chapter 6
contains the estimating data.

6. Outdoor air usually required for ventilation
purposes – Outdoor air is usually necessary to
flush out the space and keep the odor level
down. This ventilation air imposes a cooling
and dehumidifying load on the apparatus
because the heat and/or moisture must be
removed. Most air conditioning equipment
permits some outdoor air to bypass the
cooling surface (see Chapter 8). This
bypassed outdoor air becomes a load within
the conditioned space, similar to infiltration;
instead of coming thru a crack around the
window, it enters the room thru the supply air
duct.  The amount of bypassed outdoor air
depends on the type of equipment used as
outlined in Chapter 8. Table 45, page 97,
provides the data from which the ventilation
requirements for most comfort applications
can be estimated.

    The foregoing is that portion of the load on the air
conditioning equipment that originates outside the space
and is common to all applications.
INTERNAL LOADS
     Chapter 7 contains the data required to estimate the
heat gain from most items that generate heat within the
conditioned space. The internal load, or heat generated
within the space, depends on the character of the
application. Proper diversity and usage factor should be
applied to all internal loads. As with the solar heat gain,
some of the internal gains consist of radiant heat which is
partially stored (as described in Chapter 3), thus
reducing the load to be impressed on the air conditioning
equipment.
   Generally, internal heat gains consist of some or all of
the following items:

1. People – The human body thru metabolism
generates heat within itself and releases it by
radiation, convection, and evaporation from
the surface, and by convection and
evaporation in the respiratory tract. The
amount of heat generated and released
depends on surrounding temperature and on
the activity level of the person, as listed in

Table 48, page 100.
2. Lights – Illuminants convert electrical power

into light and heat (refer to Chapter 7). Some
of the heat is radiant and is partially stored
(see Chapter 3).

3. Appliances – Restaurants, hospitals,
laboratories, and some specialty shops
(beauty shops) have electrical, gas, or steam
appliances which release heat into the space.
Tables 50 thru 52, pages 101-103, list the
recommended heat gain values for most
appliances when not hooded.  If a positive
exhaust hood is used with the appliances, the
heat gain is reduced.

4. Electric calculating machines – Refer to
manufacturer’s data to evaluate the heat gain
from electric calculating machines. Normally,
not all of the machines would be in use
simultaneously, and, therefore, a usage or
diversity factor should be applied to the full
load heat gain.  The machines may also be
hooded, or partially cooled internally, to
reduce the load on the air conditioning
system.

5. Electric motors – Electric motors are a
significant load in industrial applications and
should be thoroughly analyzed with respect to
operating time and capacity before estimating
the load (see Item 13 under “Space
Characteristics and Heat Load Sources”).  It
is frequently possible to actually measure this
load in existing applications, and should be so
done where possible.  Table 53, page 105,
provides data for estimating the heat gain from
electric motors.

6. Hot pipes and tanks – Steam or hot water
pipes running thru the air conditioned space,
or hot water tanks in the space, add heat.  In
many industrial applications, tanks are open to
the air, causing water to evaporate into the
space.  Tables 54 thru 58, pages 107-109
provide data for estimating the hear gain from
these sources.

7. Miscellaneous sources – There may be other
sources of heat and moisture gain within a
space, such as escaping steam (industrial
cleaning devices, pressing machines, etc.),
absorption of water by hygroscopic material
(paper, textiles, etc.); see Chapter 7.

In addition to the heat gains from the indoor and
outdoor sources, the air conditioning equipment and duct
system gain or lose heat.  The fans and pumps required
to distribute the air or water thru the system add heat;
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heat is also added to supply and return air ducts running
thru warner or hot spaces; cold air may leak out of the
supply duct and hot air may leak into the return duct.  The
procedure for estimating the heat gains from these
sources in percentage of room sensible load, room latent
load, and grand total heat load is contained in Chart 3,
page 110, and Tables 59 and 60, pages 111-113.

HEATING LOAD ESTIMATE
   The heating load evaluation is the foundation for
selecting the heating equipment. Normally, the heating
load is estimated for the winter design temperatures
(Chapter 2) usually occurring at night; therefore, no credit
is taken for the heat given off by internal sources (people,
lights, etc.). This estimate must take into account the heat
loss thru the building structure surrounding the spaces
and the heat required to offset the outdoor air which may
infiltrate and/or may be required for ventilation. Chapter 5
contains the transmission coefficients and procedures for
determining heat loss. Chapter 6 contains the data for
estimating the infiltration air quantities. Fig. 2 illustrates a
heating estimate form for calculating the heat loss in a
building structure.
   Another factor that may be considered in the
evaluation of the heating load is temperature swing.
Capacity requirements may be reduced when the
temperature within the space is allowed to drop a few
degrees during periods of design load. This, of course,
applies to continuous operation only. Table 4, page 20,
provides recommended inside design conditions for
various applications, and Table 13, page 37, contains the
data for estimating the possible capacity reduction when
operating in this manner.
  The practice of drastically lowering the temperature
to 50 F db or 55 F db when the building is unoccupied
precludes the selection of equipment based on such
capacity reduction. Although this type of operation may
be effective in realizing fuel economy, additional
equipment capacity is required for pickup.  In fact, it may
be desirable to provide the additional capacity, even if
continuous operation is contemplated, because of pickup
required after forced shutdown.  It is, therefore, evident
that the use of storage in reducing the heating load for
the purpose of equipment selection should be applied
with care.

HIGH ALTITUDE LOAD CALCULATIONS
  Since air conditioning load calculations are based on
pounds of air necessary to handle a load, a decrease in
density means an increase in cfm required to satisfy the
given sensible load.  The weight of air required to meet
the latent load is decreased because of the higher latent
load capacity of the air at higher altitudes (greater gr per
lb per degree difference in dewpoint temperature). For
the same dry-bulb and percent relative humidity, the
wetbulb temperature decreases (except at saturation) as
the elevation above sea level increases.
  The following adjustments are required for high
altitude load calculations (see Chapter 8, Table 66, page
148):

1. Design room air moisture content must be
adjusted to the required elevation.

2. Standard load estimating methods and forms
are used for load calculations, except that the
factors affecting the calculations of volume
and sensible and latent heat of air must be
multiplied by the relative density at the
particular elevation.

3. Because of the increased moisture content of
the air, the effective sensible heat factor must
be corrected.

EQUIPMENT SELECTION
  After the load is evaluated, the equipment must be
selected with capacity sufficient to offset this load.  The
air supplied to the space must be of the proper
conditions to satisfy both the sensible and latent loads
estimated. Chapter 8, “Applied Psychrometrics,”
provides procedures and examples for determining the
criteria from which the air conditioning equipment is
selected (air quantity, apparatus dewpoint, etc.).
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FIG. 2- HEATING LOAD ESTIMATE
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CHAPTER 2. DESIGN CONDITIONS

     This chapter presents the data from which the
outdoor design conditions are established for various
localities and inside design conditions for various
applications. The design conditions established
determine the heat content of air, both outdoor and
inside. They directly affect the load on the air
conditioning equipment by influencing the transmission
of heat across the exterior structure and the difference
in heat content between the outdoor and inside air.  For
further details, refer to  Chapters 5 and 6.

OUTDOOR DESIGN CONDITIONS – SUMMER
AND WINTER
     The outdoor design conditions listed in Table 1 are
the industry accepted design conditions as published
in ARI Std. 530-56 and the 1958 ASHAE Guide.  The
conditions, as listed, permit a choice of outdoor dry-
bulb and wet-bulb temperatures for different types of
applications as outlined below.
NORMAL DESIGN CONDITIONS – SUMMER
     Normal design conditions are recommended for use
with comfort and industrial cooling applications where
it is occasionally permissible to exceed the design
room conditions.  These outdoor design conditions are
the simultaneously occurring dry-bulb and wet-bulb
temperatures and moisture content, which can be
expected to be exceeded a few times a year for short
periods.  The dry-bulb is exceeded more frequently
than the wet-bulb temperature. And usually when the
wet-bulb is lower than design.
     When cooling and dehumidification (dehydration)
are performed separately with these types of
applications, use the normal design dry-bulb
temperature for selecting the sensible cooling

apparatus; use a moisture content corresponding to the
normal design wet-bulb temperature and 80 % rh for
selecting the dehumidifier (dehydrator)
     Daily range is the average difference between the
high and low dry-bulb temperatures for a 24-hr period
on a design day.  This range varies with local climate
conditions.
MAXIMUM DESIGN CONDITIONS-SUMMER
     Maximum summer design conditions are
recommended for laboratories and industrial
applications where exceeding the room design
conditions for even short periods of time can be
detrimental to a product or process.
     The maximum design dry-bulb and wet-bulb
temperatures are simultaneous peaks (not individual
peaks).  The moisture content is an individual peak, and
is listed only for use in the selection of separate cooling
and dehumidifying systems for closely controlled
spaces.  Each of these conditions can be expected to
be exceeded no more than 3 hours in a normal
summer.
NORMAL DESIGN CONDITIONS – WINTER
     Normal winter design conditions are recommended
for use with all comfort and industrial heating
applications. The outdoor dry-bulb temperature can be
expected to go below the listed temperatures a few
times a year, normally during the early morning hours.
The annual degree days listed are the sum of all the
days in the year on which the daily mean temperature
falls below 65 F db, times the number of degrees
between 65 F db and the daily mean temperature.

www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



Part 1. Load Estimating | Chapter 2. Design Conditions

CORRECTIONS TO OUTDOOR DESIGN
CONDITIONS FOR TIME OF DAY AND
TIME OFYEAR
     The normal design conditions for summer, listed in
Table 1, are applicable to the month of July at about
3:00 P.M. Frequently, the design conditions at other
times of the day and other months of the year must be
known.
     Table 2 lists the approximate corrections on the dry-
bulb and wet-bulb temperatures from 8 a.m. to 12 p.m.
based on the average daily range.  The dry-bulb
corrections are based on analysis of weather data, and
the wet-bulb corrections assume a relatively constant
dewpoint throughout the 24-hr period.
     Table 3 lists the approximate corrections of the dry-
bulb and wet-bulb temperatures from March to
November, based on the yearly range in dry-bulb
temperature (summer normal design dry-bulb minus
winter normal design dry-bulb temperature).  These
corrections are based on analysis of weather data and
are applicable only to the cooling load estimate.
Example 1 – Corrections to Design Conditions
Given:
     A comfort application in New York City.
Find:
     The approximate dry-bulb and wet-bulb temperatures at
     12:00 noon in October.

Solution:
     Normal design conditions for New York in July at 3:00
     p.m. are 95 F db, 75 F wb (Table 1).
     Daily range in New York City is 14 F db.
     Yearly range in New York City = 95-0 = 95 F db.
     Correction for time of day (12 noon) from Table 2:

Dry-bulb = -5 F
Wet-bulb = -1 F

     Correction for time of year (October) from Table 3:
Dry-bulb = -16 F
Wet-bulb =  -8 F

     Design conditions at 12 noon in October (approximate) :
Dry-bulb = 95-5-16 = 74 F
Wet-bulb = 75-1- 8 = 66 F

INSIDE COMFORT DESIGN CONDITIONS-
SUMMER
     The inside design conditions listed in Table 4 are
recommended for types of applications listed.  These
conditions are based on experience gathered from
many applications, substantiated by ASHAE tests.
     The optimum or deluxe conditions are chosen where
costs are not of prime importance and for comfort
applications in localities having summer outdoor design
dry-bulb temperatures of  90 F or less.  Since all of the
loads (sun, lights, people, outdoor air, etc.) do not peak
simultaneously for any prolonged periods, it may be
uneconomical to design for the optimum conditions.
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     The commercial inside design conditions are
recommended for general comfort air conditioning
applications.  Since a majority of people are
comfortable at 75 F or  76 F db and around 45% to 50%
rh, the thermostat is set to these temperatures, and
these conditions are maintained under partial loads.  As
the peak loading occurs (outdoor peak dry-bulb and
wet-bulb temperatures, 100% sun, all people and lights,
etc.), the temperature in the space rises to the design
point, usually 78 F db.
     If the temperature in the conditioned space is forced
to rise, heat will be stored in the building mass.  Refer
to Chapter 3, “Heat Storage, Diversity and
Stratification,” for a more complete discussion of heat
storage.  With summer cooling, the temperature swing
used in the calculation of storage is the difference
between the design temperature and the normal
thermostat setting.
     The range of summer inside design conditions is
provided to allow for the most economical selection of

equipment.  Applications of inherently high sen-sible
heat factor (relatively small latent load) usually result in
the most economical equipment selection if the higher
dry-bulb temperatures and lower relative humidities are
used.  Applications with low sensible heat factors (high
latent load) usually result in more economical
equipment selection if the lower dry-bulb temperatures
and higher relative humidities are used.
INSIDE COMFORT DESIGN CONDITIONS-
WINTER
     For winter season operation, the inside design
conditions listed in Table 4 are recommended for
general heating applications.  With heating, the
temperature swing (variation) is below the comfort
condition at the time of peak heating load (no people,
lights, or solar gain, and with the minimum outdoor
temperature).  Heat stored in the building structure
during partial load (day) operation reduces the required
equipment capacity for peak load operation in the same
manner as it does with cooling.
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INSIDE INDUSTRIAL DESIGN CONDITIONS
     Table 5 lists typical temperatures and relative
humidities used in preparing, processing, and
manufacturing various products, and for storing both
raw and finished goods.  These conditions are only
typical of what has been used, and my vary with
applications.  They may also vary as changes occur in
processes, products, and knowledge of the effect of
temperature and humidity.  In all cases, the
temperature and humidity conditions and the
permissible limits of variations on these conditions
should be established by common agreement with the
customer.
     Some of the conditions listed have no effect on the
product or process other than to increase the efficiency
of the employee by maintaining comfort conditions.
This normally improves workmanship and uniformity,
thus reducing rejects and production cost.  In some
cases, it may be advisable to compromise between the

required conditions and comfort conditions to maintain
high quality commensurate with low production cost.
     Generally, specific inside design conditions are
required in industrial applications for one or more of the
following reasons:
1. A constant temperature level is required for close

tolerance measuring, gaging, machining, or
grinding operations, to prevent expansion and
contraction of the machine parts, machined
products and measuring devices.  Normally, a
constant temperature is more important than the
temperature level.  A constant relative humidity is
secondary in nature but should not go over 45% to
minimize formation of heavier surface moisture film.
Non-hygroscopic materials such as metals, glass,
plastics, etc., have a property of capturing water
molecules within the microscopic surface crevices,
forming an invisible, non-continuous surface film.
The density of this film increases when relative
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humidity increases.  Hence, this film must, in many
instances, be held below a critical point at which
metals may etch, or the electric resistance of
insulating materials is significantly decreased.

2. Where highly polished surfaces are manufactured
or stored, a constant relative humidity and
temperature is maintained, to minimize increase is
maintained, to minimize increase in surface
moisture film.  The temperature and humidity
should be at, or a little below, the comfort
conditions to minimize perspiration of the operator.
Constant temperature and humidity may also be
required in machine rooms to prevent etching or
corrosion of the parts of the machines.  With
applications of this type, if the conditions are not
maintained 24 hours a day, the starting of air
conditioning after any prolonged shutdown should
be done carefully:  (1) During the summer, the
moisture accumulation in the space should be
reduced before the temperature is reduced;  (2)
During the winter, the moisture should not be
introduced before the materials have a chance to
warm up if they are cooled during shutdown
periods.

3. Control of relative humidity is required to maintain
the strength, pliability, and regain of hydroscopic
materials, such as textiles and paper.  The humidity
must also be controlled in some applications to
reduce the effect of static electricity.  Development
of static electric charges is minimized of 55% or
higher.

4. The  temperature and relative humidity control are
required to regulate the rate of chemical or
biochemical reactions, such as drying of
Varnishes or sugar coatings, preparation of
synthetic fibers or chemical compounds,
fermentation of yeast, etc.  Generally, high
temperatures with low humidities increase drying
rates; high temperatures increase the rate of
chemical reaction, and high temperatures and
relative humidities increase such processes as
yeast fermentations.

5. Laboratories require precise control of both
temperature and relative humidity or either.  Both
testing and quality control laboratories are
frequently designed to maintain the ASTM
Standard Conditions* of 73.4 F db and 50% rh.

6. With some industrial applications where the load is
excessive and the machines or materials do not
benefit from controlled conditions, it may be
advisable to apply spot cooling for the relief of the
workers.  Generally, the conditions to be
maintained by this means will be above normal
comfort.

*Published in ASTN pamphlet dated 9-29-48.  These conditions
have also been approved by the Technical Committee on
Standard Temperature and Relative Humidity Conditions of the
FSB (Federal Specifications Board) with one variation: FSB
permits ±4%, whereas ASTM requires ±2% permissable
humidity tolerance.

www.HVAC-ENG.com



www.HVAC-ENG.com



www.HVAC-ENG.com



Part 1. Load Estimating | Chapter 3. Heat Storage, Diversity And Stratification

CHAPTER 3.  HEAT STORAGE, DIVERSITY
AND STRATIFICATION

    The normal load estimating procedure has been to
evaluate the instantaneous heat gain to a space and to
assume that the equipment will remove the heat at this
rate. Generally, it was found that the equipment
selected on this basis was oversized and therefore
capable of maintaining much lower room conditions
than the original design. Extensive analysis, research
and testing have shown that the reasons for this are:

1. Storage of heat in the building structure.
2. Non-simultaneous occurrence of the peak of

the individual loads (diversity).
3. Stratification of heat, in some cases.
This chapter contains the data and procedures for

determining the load the equipment is actually picking
into account the above factors. Application of these
data to the appropriate individual heat gains results in
the actual cooling load.

The actual cooling load is generally considerable
below the peak total instantaneous heat gain, thus
requiring smaller equipment to perform a specific job.
In addition, the air quantities and/or water quantities are
reduced, resulting in a smaller overall system. Also, as
brought out in the tables, if the equipment is operated
somewhat longer during the peak load periods, and/of
the temperature in the space is allowed to rise a few
degrees at the peak periods during cooling operation, a
further reduction in required capacity results.  The
smaller system operating for longer periods at times of
peak load will produce a lower first cost to the customer
with commensurate lower demand charges and lower
operating costs. It is a well-known fact that equipment
sized to more nearly meet the requirements results in a
more efficient, better operating system. Also, if a
smaller system is selected, and is based on extended
periods of operation at the peak load, it results in a
more economical and efficient system at a partially
loaded condition.

Since, in most cases, the equipment installed to
perform a specific function is smaller, there is less
margin for error. This requires more exacting
engineering including air distribution design and
system balancing.

With multi-story, multi-room application, it is usually
desirable to provide some flexibility in the air side or
room load to allow for individual room control, load
pickup, etc. Generally, it is recommended that the full
reduction from storage and diversity be taken on the
overall refrigeration or building load, with some degree
of conservatism on the air side or room loads.

This degree should be determined by the engineer from
project requirements and customer desires. A system
so designed, full reduction on refrigeration load and
less than full reduction on air side or room load, meets
all of the flexibility requirements, except at time of peak
load. In addition, such a system has a low owning and
operating cost.
STORAGE OF HEAT IN BUILDING
STRUCTURES

The instantaneous heat gain in a typical comfort
application consists of sun, lights, people, transmission
thru walls, roof and glass, infiltration and ventilation air
and, in some cases, machinery, appliances, electric
calculating machines, etc. A large portion of this
instantaneous heat gain is radiant heat which does not
become an instantaneous load on the equipment,
because it must strike a solid surface and be absorbed
by this surface before becoming a load on the
equipment. The breakdown on the various
instantaneous heat gains into radiant heat and
convected heat is approximately as follows:

HEAT GAIN SOURCE RADIANT
HEAT

CONVECTIVE
HEAT

Solar, without inside
blinds

100% -
Solar, with inside blinds   58%   42%
Fluorescent Lights   50%   50%
Incandescent Lights   80%   20%
People*   40%   20%
Transmission†   60%   40%
Infiltration and Ventilation - 100%
Machinery or
Appliances‡

20-80%       80-20%

 *The remaining 40% is dissipated as latent load.
 †Transmission load is considered to be 100% convective load.
   This load is normally a relatively small part of the total load, and

 for simplicity is considered to be the instantaneous load on the 
 equipment.

‡The load from machinery or appliances varies, depending upon
the temperature of  the sur face. The higher the surface 
temperature, the greater the radiant heat load.

CONSTANT SPACE TEMPERATURE AND
EQUIPMENT OPERATING PERIODS

As the radiant heat from sources shown in the
above table strikes a solid surface (walls, floor, ceiling,
etc.), it is absorbed, raising the temperature at the
surface of the material above that inside the material
and the air adjacent to the surface.  This temperature
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difference causes heat flow into the material by
conduction and into the air by convection. The heat
conducted away from the surface is stored, and theheat
convected from the surface becomes an instantaneous
cooling load. The portion of radiant heat being stored
depends on the ratio of the resistance to heat flow into
the material and the resistance to heat flow into the air
film. With most construction materials, the resistance to
heat flow into the material is much lower than the air
resistance; therefore, most of the radiant heat will be
stored. However, as this process of absorbing radiant
heat continues, the material becomes warmer and less
capable of storing more heat.

The highly varying and relatively sharp peak of the
instantaneous solar heat gain results in a large part of it
being stored at the time of peak solar heat gain, as
illustrated in Fig. 3.

The upper curve in Fig. 3 is typical of the solar
heat gain for a west exposure, and the lower curve is
the actual cooling load that results in an average
construction application with the space temperature
held constant. The reduction in the peak heat gain is
approximately 40% and the peak load lags the peak
heat gain by approximately 1 hour. The cross-hatched
areas (Fig. 3) represent the Heat Stored and the Stored

FIG. 3-ACTUAL COOLING LOAD, SOLAR HEAT GAIN,
WEST EXPOSURE, AVERAGE CONSTRUCTION

FIG. 4- ACTUAL COOLING LOAD FROM FLUORESCENT
LIGHTS, AVERAGE CONSTRUCTION

Heat Removed from the construction.  Since all of the
heat coming into a space must be removed, these two
areas are equal.

The relatively constant light load results in a large
portion being stored just after the lights are turned on,
with a decreasing amount being stored the longer the
lights are on, as illustrated in Fig. 4.

The upper and lower curves represent the
instantaneous heat gain and actual cooling load from
fluorescent lights with a constant space temperature.
The cross-hatched areas are the Heat Stored and the
Stored Heat Removed from the construction.  The
dotted line indicates the actual cooling load for the first
day if the lights are on longer than the period shown.

Figs. 3 and 4 illustrate the relationship between the
instantaneous heat gain and the actual cooling load in
average construction spaces. With light construction,
less heat is stored at the peak (less storage capacity
available), and with heavy construction, more heat is
stored at the peak (more storage capacity available), as
shown in Fig. 5. This aspect affects the extent of zoning
required in the design of a system for a given building;
the lighter the building construction, the more attention
should be given to zoning.

The upper curve of Fig. 5 is the instantaneous solar
heat gain while the three lower curves are the actual
cooling load for light, medium and heavy construction
respectively, with a constant temperature in the space.

One more item that significantly affects the
storage of heat is the operating period of the air
conditioning equipment.All of the curves shown
inFigs.3, 4 and 5 illustrate the actual cooling load for
24-hour operation.If the equipment is shut down after
16 hours of operation, some of the stored heat remains
in the building construction. This heat must be removed
(heat in must equal heat out) and will appear as a
pulldown load when the equipment is turned on the
next day, as illustrated in Fig. 6.

  FIG. 5-ACTUAL COOLING LOAD, SOLAR HEAT GAIN,
LIGHT, MEDIUM AND HEAVY CONSTRUCTION
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Adding the pulldown load to the cooling load for
that day results in the actual cooling load for 16-hour
operation, as illustrated in Fig. 7.

The upper curve represents the instantaneous heat
gain and the lower curve the actual cooling load for
that day with a constant temperature maintained within
the space during the operating period of the
equipment. The dotted line represents the additional
cooling load from the heat left in the building
construction. The temperature in the space rises during
the shutdown period from the nighttime transmission
load and the stored heat, and is brought back to the
control point during the pulldown perios.

Shorter periods of operation increase the pulldown
load because more stored heat is left in the building
construction when the equipment is shut off. Fig. 8
illustrates the pulldown load for 12-hour operation.

Adding this pulldown load to the cooling load for
that day results in the actual cooling load for 12-hour
operation, as illustrated in Fig. 9.

The upper and lower solid curves are the
instantaneous heat gain and the actual cooling load in
average construction space with a constant
temperature maintained during the operating period.
The cross-hatched areas again represent the Heat
Stored and the Stored Heat Removed from the
construction.

The light load (fluorescent) is shown in Fig. 10 for
12- and  16-hour operation with a constant space
temperature (assuming 10-hour operation of lights).
Basis of Tables 7 thru 12
     Storage Load Factors,
     Solar and light Heat Gain
       12-, 16-, and 24-hour Operation,
       Constant Space Temperature

 These tables are calculated, using a procedure
developed from a series of tests in actual buildings.
These tests were conducted in office buildings,
supermarkets, and residences throughout this country.

FIG. 6-PULLDOWN LOAD, SOLAR HEAT GAIN,
WEST EXPOSURE, 16-HOUR OPERATION

FIG. 7-ACTUAL COOLING LOAD, SOLAR HEAT GAIN,
WEST EXPOSURE, 16-HOUR OPERATION

FIG. 8-PULLDOWN LOAD, SOLAR HEAT GAIN,
WEST EXPOSURE, 12-HOUR OPERATION

   FIG. 9-ACTUAL COOLING LOAD, SOLAR HEAT GAIN,
WEST EXPOSURE, 12-HOUR OPERATION

FIG. 10-ACTUAL COOLING LOAD FROM FLUORESCENT
LIGHTS, 12-AND 16-HOUR OPERATION
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The magnitude of the storage effect is determined
largely by the thermal capacity or heat holding capacity
of the materials surrounding the space. The thermal
capacity of a material is the weight times the specific
heat of the material. Since the specific heat of most
construction material is approximately 0.20 Btu/ (lb) (F),
the thermal capacity is directly proportional to the
weight of the material.  Therefore, the data in the tables
is based on weight of the materials surrounding the
space, per square foot of floor area.
Use of Tables 7 thru 12

Storage Load Factors,
Solar and Light Heat Gain
12-, 16-, and 24-hour Operation,
Constant Space Temperature
 Table 7 thru 11 are used to determine the actual

coolingload from the solar heat gain with a constant
temperature maintained within the space for different
types of construction and periods of operation.  With
both the 12- and 16-hour factors, the starting time is
assumed to be 6 a.m. suntime (7 a.m. Daylight Saving
Time).  The weight per sq ft of types of construction are
listed in Tables 21 thru 33, pages 66-76.

The actual cooling load is determined by
multiplying the storage load factor from these tables for
any or all times by the peak solar heat gain for the
particular exposure, month and latitude desired.  Table
6 is a compilation of the peak solar heat gains for each
exposure, month and latitude. These values are
extracted from Table 15, page 44.  The peak solar heat
gain is also to be multiplied by either or both the
applicable over-all factor for shading devices (Table
16, page 52) and the corrections listed under Table 6.
Reduction in solar heat gain from the shading of the
window by reveals and/or overhang should also be
utilized.
Example 1 – Actual Cooling Load, Solar Heat Gain
Given:

A 20 ft × 20 ft × 8 ft outside office room with 6-inch sand
aggregate concrete floor, with a floor tile finish, 21/2-inch
solid sand plaster partitions, no suspended ceiling, and a
12-inch common brick outside wall with 5/8-inch sand
aggregate plaster finish on inside surface. A 16 ft×5 ft
steel sash window with a white venetian blind is in the
outside wall and the wall faces west.

Find:
A. The actual cooling load from ths solar heat gain in

July at 4 p.m., 40° North latitude with the air
conditioning equipment operating 24 hours during
the peak load periods and a constant temperature
maintained within the room.

B. The cooling load at  8 p.m. for the same conditions.
Solution:

The weight per sq ft of floor area of this room (values
obtained from Chapter 5) is:

  Outside wall =

                                                         (Table 21, page 66)
                   =  25.2 lb/sq ft floor area

 Partitions       =  ½
                                                         (Table 26, page 70)
                   =  13.2 lb/sq ft floor area

 Floor             =  ½
                                                         (Table 29, page 73)
                  =  29.5 lb/sq ft floor area

 Ceiling         =  ½
                                                         (Table 29, page 73)
                     =  29.5 lb/sq ft floor area

NOTE: One-half of he partition, floor and ceiling thickness is
used, assuming that the spaces above and below are
conditioned and are utilizing the other halves for
storage of heat.

Total weight per sq ft of floor area
     = 25.2 + 13.2 + 29.5 + 29.5 = 97.4 lb/sq ft.
The overall factor for the window with the white venetian blind is
0.56 (Table 16, page 52) and the correction for steel sash =
1/.85.
A. Storage factor, 4 p.m. = 0.66 (Table 7)

The peak solar heat gain for a west exposure in July at 40°
North latitude = 164 Btu/(hr)(sq ft), (Table 6).
Actual cooling load

                                                                  Btu/hr

B. Storage factor, 8 p.m. = .20 (Table 7)
Actual cooling load

Table 12 is used to determine the actual cooling
load from the heat gain from lights. These data may
also be used to determine the actual cooling load from:

1. People – except in densely populated areas
such as auditoriums, theaters, etc. The radiant
heat exchange from the body is reduced in
situations like this because there is relatively

= (5 x 16 x 164 x .56 x         ) x .20 = 17301
.85

= (5 x 16 x 164 x .56 x         ) x 0.66 = 57001
.85

(20x8) – (16x5)
20x20 X126lb/sq ft

20x8x3
20x20 X22lb/sq ft

20x20
20x20 X59lb/sq ft

20x20
20x20 X59lb/sq ft

www.HVAC-ENG.com



Part 1. Load Estimating | Chapter 3. Heat Storage, Diversity And Stratification

less surface available for the body to radiate
to.

2. Some appliances and machines that operate
periodically, with hot exterior surfaces such as
ovens, dryers, hot tanks, etc.

NOTE: For Items 1 and 2 above, use values listed for 
     fluorescent exposed lights.

Example 2 – Actual Cooling Load, Lights and People
Given:

The same room as in Example 1 with a light heat gain of 3
watts per sq ft of floor area not including ballast, exposed
fluorescent lights and 4 people. The room temperature to be

maintained at 78 F db with 24-hour operation during the
peak load periods.

Find:
The actual cooling load at 4 p.m. (with the lights turned on
as the people arrive at 8 a.m.).

Solution:
The time elapsed after the lights are turned on is 8 hours (8
a.m. to  4 p.m.).
Storage load factor = .87 (Table 12).
Sensible heat gain from people = 215 Btu/hr

                                                          (Table 48, page 100)
Actual cooling load

= [(3×3.4×1.25×20×20) + (4×215) ] × .87
= 5190 Btu/hr.
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TABLE 6-PEAK SOLAR HEAT GAIN THRU ORDINARY GLASS*
Btu/(hr)(sq ft)

NORTH EXPOSURE NORTH LATITUDE SOUTH
LAT. MONTH N† NE E SE S SW W NW Horiz MONTH LAT.

June 59 156 147  42  14 42 147 156 226 Dec
July & May 48 153 152  52  14 52 152 153 233 Nov & Jan
Aug & April 25 141 163  79  14 79 163 141 245 Oct & Feb

0° Sept & March 10 118 167 118  14 118 167 118 250 Sept & March 0
Oct & Feb 10  79 163 141  34 141 163  79 245 Aug & April
Nov & Jan 10  52 152 153  67 153 152  52 233 July & May

Dec 10  42 147 156  82 156 147  42 226 June
June 40 153 155  55  14 55 155 153 243 Dec

July & May 30 148 158  66  14 66 158 148 247 Nov & Jan
Aug & April 13 130 163  94  14 94 163 130 250 Oct & Feb

10 Sept & March 10 103 164 127  28 127 164 103 247 Sept & March 10
Oct & Feb 10  66 155 149  73 149 155  66 230 Aug & April
Nov & Jan   9  37 143 161 106 101 143  37 210 July & May

Dec   9  28 137 163 120 163 137  28 202 June
June 26 154 160  73  14 73 160 154 250 Dec

July & May 19 138 163  85  14 85 163 138 251 Nov & Jan
20 Aug & April 11 118 165 113  26 113 165 118 247 Oct & Feb 20

Sept & March 10  87 163 140  65 140 163  87 233 Sept & March
Oct & Feb   9  52 147 160 111 160 147  52 208 Aug & April
Nov & Jan   8  26 128 164 141 164 128  26 180 July & May

Dec   8  18 121 167 149 167 121  18 170 June
June 20 139 161  90  21 90 161 139 250 Dec

July & May 16 131 164 100  30 100 164 131 246 Nov & Jan
Aug & April 11 108 165 129  63 129 165 108 235 Oct & Feb

30 Sept & March   9  90 158 152 105 152 158  90 212 Sept & March 30
Oct & Feb   8  39 135 163 145 163 135  39 179 Aug & April
Nov & Jan   7  16 116 162 159 162 116  16 145 July & May

Dec   6  12 105 162 163 162 105  12 131 June
June 17 133 162 111  54 111 162 133 237 Dec

July & May 15 127 164 125 69 125 164 127 233 Nov & Jan
Aug & April 11 102 162 146 102 146 162 102 214 Oct & Feb

40 Sept & March   9  58 149 162 140 162 149  58 183 Sept & March 40
Oct & Feb   7  35 122 163 162 163 122  35 129 Aug & April
Nov & Jan   5  12 100 156 166 156 100  12 103 July & May

Dec   5  10 86 148 165 148 86  10  85 June
June 16 126 164 135  93 135 164 126 220 Dec

July & May 14 117 163 143 106 143 163 117 211 Nov & Jan
Aug & April 11  94 158 157 138 157 158  94 185 Oct & Feb

50 Sept & March   8  58 138 163 158 163 138  58 148 Sept & March 50
Oct & Feb   5  29 105 157 167 157 105  29  94 Aug & April
Nov & Jan   4   9 64 127 153 127 64   9  53 July & May

Dec   3   7 47 116 141 116 47   7  40 June
  5 SE E NE N NW W SW Horiz

EXPOSURE SOUTH LATITUDE
Solar Gain
Correction

Steel Sash or
No Sash

X 1/.85 or 1.17

Haze
-15% (Max)

Altitude
+0.7% per 1000 ft

Dewpoint
Above 67 F

-7% per 10 F

Dewpoint
Below 67 F

+7% per 10 F

South Lat
Dec or Jan

+7%

 * Abstracted from Table 15, page 43.

†Solar heat gain on North exposure (inNorth Latitudes) or on South exposure (in South latitudes) consists primarily of diffuse radiation which is
  essentially constant throughout the day.  The solar heat gain values for this exposure are the average for the 12 hr period (6 a.m. to 6 p.m.). The 

storage factors in Tables 7 thru 11 assume that the solar heat gain on the North (or South) exposure is constant.

°

°

°

°

°

°

°

°

°

°

°

°
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TABLE 7-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS
WITH INTERNAL SHADE*

24 Hour Operation, Constant Space Temperature†
WEIGHT§ SUN TIME
(lb per sq AM PM AM EXPOSUREEXPOSURE

(North Lat) ft of floor area) 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 (South Lat)
150 & over .47 .58 .54 .42 .27 .21 .20 .19 .18 .17 .16 .14 .12 .09 .08 .07 .06 .06 .05 .05 .04 .04 .04 .03

Northeast 100 .48 .60 .57 .46 .30 .24 .20 .19 .17 .16 .15 .13 .11 .08 .07 .06 .05 .05 .04 .04 .03 .03 .02 .02 Southeast
30 .55 .76 .73 .58 .36 .24 .19 .17 .15 .13 .12 .11 .07 .04 .02 .02 .01 .01 0 0 0 0 0 0

150 & over .39 .56 .62 .59 .49 .33 .23 .21 .20 .18 .17 .15 .12 .10 .09 .08 .08 .07 .06 .05 .05 .05 .04 .04
East 100 .40 .58 .65 .63 .52 .35 .24 .22 .20 .18 .16 .14 .12 .09 .08 .07 .06 .05 .05 .04 .04 .03 .03 .02 East

30 .46 .70 .80 .79 .64 .42 .25 .19 .16 .14 .11 .09 .07 .04 .02 .02 .01 .01 0 0 0 0 0 0
150 & over .04 .28 .47 .59 .64 .62 .53 .41 .27 .24 .21 .19 .16 .14 .12 .11 .10 .09 .08 .07 .06 .06 .05 .05

Southeast 100 .03 .28 .47 .61 .67 .65 .57 .44 .29 .24 .21 .18 .15 .12 .10 .09 .08 .07 .06 .05 .05 .04 .04 .03 Northeast
30 0 .30 .57 .75 .84 .81 .69 .50 .30 .20 .17 .13 .09 .05 .04 .03 .02 .01 0 0 0 0 0 0

150 & over .06 .06 .23 .38 .51 .60 .66 .67 .64 .59 .42 .24 .22 .19 .17 .15 .13 .12 .11 .10 .09 .08 .07 .07
South 100 .04 .04 .22 .38 .52 .63 .70 .71 .69 .59 .45 .26 .22 .18 .16 .13 .12 .10 .09 .08 .07 .06 .06 .05 North

30 .10 .21 .43 .63 .77 .86 .88 .82 .56 .50 .24 .16 .11 .08 .05 .04 .02 .02 .01 .01 0 0 0 0
150 & over .08 .08 .09 .10 .11 .24 .39 .53 .63 .66 .61 .47 .23 .19 .18 .16 .14 .13 .11 .10 .09 .08 .08 .07

Southwest 100 .07 .08 .08 .08 .10 .24 .40 .55 .66 .70 .64 .50 .26 .20 .17 .15 .13 .11 .10 .09 .08 .07 .06 .05 Northwest
30 .03 .04 .06 .07 .09 .23 .47 .67 .81 .86 .79 .60 .26 .17 .12 .08 .05 .04 .03 .02 .01 .01 0 0

150 & over .08 .09 .09 .10 .10 .10 .10 .18 .36 .52 .63 .65 .55 .22 .19 .17 .15 .14 .12 .11 .10 .09 .08 .07
West 100 .07 .08 .08 .09 .09 .09 .09 .18 .36 .54 .66 .68 .60 .25 .20 .17 .15 .13 .11 .10 .08 .07 .06 .05 West

30 .03 .04 .06 .07 .08 .08 .08 .19 .42 .65 .81 .85 .74 .30 .19 .13 .09 .06 .05 .03 .02 .02 .01 0
150 & over .08 .09 .10 .10 .10 .10 .10 .10 .16 .33 .49 .61 .60 .19 .17 .15 .13 .12 .10 .09 .08 .08 .07 .06

Northwest 100 .07 .08 .09 .09 .10 .10 .10 .10 .16 .34 .52 .65 .64 .23 .18 .15 .12 .11 .09 .08 .07 .06 .06 .05 Southwest
30 .03 .05 .07 .08 .09 .09 .10 .10 .17 .39 .63 .80 .79 .28 .18 .12 .09 .06 .04 .03 .02 .02 .01 0

North 150 & over .08 .37 .67 .71 .74 .76 .79 .81 .83 .84 .86 .87 .88 .29 .26 .23 .20 .19 .17 15 .14 .12 .11 .10 South
and 100 .06 .31 .67 .72 .76 .79 .81 .83 .85 .87 .88 .90 .91 .30 .26 .22 .19 .16 .15 .13 .12 .10 .09 .08 and

Shade 30 0 .25 .74 .83 .88 .91 .94 .96 .96 .98 .98 .99 .99 .26 .17 .12 .08 .05 .04 .03 .02 .01 .01 .01 Shade
                            Equation: Cooling Load, Btu/hr  =  [Peak solar heat gain, Btu/(hr) (sq ft), (Table 6)]
                                                  × [Window area, sq ft]

      × [Shade factor, Haze factor, etc., (Chapter 4)]
      × [Storage factor, (above Table at desired time)]

 * Internal shading device is any type of shade located on the inside of the glass.
†These factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period.  Where the temperature is

allowed to swing, additional storage will result during peak load periods.  Refer to Table 13 for applicable storage factors.
§ Weight per sq ft of floor-

Room on Bldg Exterior (One or more outside walls)  =

Room in Bldg Interior (No outside walls) =

Basement Room (Floor on ground) =

Entire Building or Zone =

With rug on floor-Weight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per sq ft of common types of construction are contained in Tables 21 thru 33, pages 66 thru 76.

(Weight of Outside Wall, Partitons, Floors, Ceilings, Structural Members and Supports,lb)
Air Conditioned Floor Area, sq ft

(Weight of Outside Walls, lb) + ½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Walls, lb) + (Weight of Floor, lb) + ½ (Weight of Partitions and Ceiling, lb)
Floor Area in Room, sq ft
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TABLE 8-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS

WITH BARE GLASS OR WITH EXTERNAL SHADE‡
24 Hour Operation, Constant Space Temperature†

WEIGHT§ SUN TIME
EXPOSURE (lb per sq AM PM AM EXPOSURE
(North Lat) ft of floor area) 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 (South Lat)

150 & over .17 .27 .33 .33 .31 .29 .27 .25 .23 .22 .20 .19 .17 .15 .14 .12 .11 .10 .09 .08 .07 .07 .06 .06
Northeast 100 .19 .31 .38 .39 .36 .34 .27 .24 .22 .21 .19 .17 .16 .14 .12 .10 .07 .08 .07 .06 .05 .05 .04 .03 Southeast

30 .31 .56 .65 .61 .46 .33 .26 .21 .18 .16 .14 .12 .09 .06 .04 .03 .02 .01 .01 .01 0 0 0 0
150 & over .16 .26 .34 .39 .40 .38 .34 .30 .28 .26 .23 .22 .20 .18 .16 .14 .13 .12 .10 .09 .08 .08 .07 .06

East 100 .16 .29 .40 .46 .46 .42 .36 .31 .28 .25 .23 .20 .18 .15 .14 .12 .11 .09 .08 .08 .06 .06 .05 .04 East
30 .27 .50 .67 .73 .68 .53 .38 .27 .22 .18 .15 .12 .09 .06 .04 .03 .02 .01 .01 .01 .01 0 0 .01

150 & over .08 .14 .22 .31 .38 .43 .44 .43 .39 .35 .32 .29 .26 .23 .21 .19 .16 .15 .13 .12 .11 .10 .09 .08
Southeast 100 .05 .12 .23 .35 .44 .49 .51 .47 .41 .36 .31 .27 .24 .21 .18 .16 .14 .12 .10 .09 .08 .08 .06 .06 Northeast

30 0 .18 .40 .59 .72 .77 .72 .60 .44 .32 .23 .18 .14 .09 .07 .05 .03 .02 .01 .01 .01 0 0 0
150 & over .10 .10 .13 .20 .28 .35 .42 .48 .51 .51 .48 .42 .37 .33 .29 .26 .23 .21 .19 .17 .15 .14 .13 .12

South 100 .07 .06 .12 .20 .30 .39 .48 .54 .58 .57 .53 .45 .37 .31 .27 .23 .20 .18 .16 .14 .12 .11 .10 .08 North
30 0 0 .12 .29 .48 .64 .75 .82 .81 .75 .61 .42 .28 .19 .13 .09 .06 .04 .03 .02 .01 .01 0 0

150 & over .11 .10 .10 .10 .10 .14 .21 .29 .36 .43 .47 .46 .40 .34 .30 .27 .24 .22 .20 .18 .16 .14 .13 .12
Southwest 100 .09 .09 .08 .09 .09 .14 .22 .31 .42 .50 .53 .51 .44 .35 .29 .26 .22 .19 .17 .15 .13 .12 .11 .09 Northwest

30 .02 .03 .05 .06 .08 .12 .34 .53 .68 .78 .78 .68 .46 .29 .20 .14 .09 .07 .05 .03 .02 .02 .01 .01
150 & over .12 .11 .11 .10 .10 .10 .10 .13 .19 .27 .36 .42 .44 .38 .33 .29 .26 .23 .21 .18 .16 .15 .13 .12

West 100 .09 .09 .09 .09 .09 .09 .10 .12 .19 .30 .40 .48 .51 .42 .35 .30 .25 .22 .19 .16 .14 .13 .11 .09 West
30 .02 .03 .05 .08 .07 .07 .08 .14 .29 .49 .67 .76 .75 .53 .33 .22 .15 .11 .08 .05 .04 .03 .02 .01

150 & over .10 .10 .10 .47 .10 .10 .10 .10 .12 .17 .25 .34 .39 .34 .29 .26 .23 .20 .18 .16 .14 .13 .12 .10
Northwest 100 .08 .09 .09 .57 .09 .09 .09 .09 .11 .19 .29 .40 .46 .40 .32 .26 .22 .19 .16 .14 .13 .11 .10 .08 Southwest

30 .02 .04 .05 .82 .08 .09 .10 .10 .13 .27 .48 .65 .73 .49 .31 .21 .16 .10 .07 .05 .04 .03 .02 .01
North 150 & over .16 .23 .33 .47 .52 .57 .61 .66 .69 .72 .74 .59 .52 .46 .42 .37 .34 .31 .27 .25 .23 .21 .17 South
and 100 .11 .33 .44 .57 .62 .66 .70 .74 .76 .79 .80 .60 .51 .44 .37 .32 .29 .27 .23 .21 .18 .16 .13 and

Shade 30 0 .48 .66 .82 .87 .91 .93 .95 .97 .98 .98 .52 .34 .24 .16 .11 .07 .05 .04 .02 .02 .01 .01 Shade
                                Equation: Cooling Load, Btu/hr  =  [Peak solar heat gain, Btu/(hr) (sq ft), (Table 6)]
                                                  × [Window area, sq ft]

      × [Shade factor, Haze factor, etc., (Chapter 4)]
      × [Storage factor, (above Table at desired time)]

‡Bare glass-Any window with no inside shading device.  Windows with shading devices on the outside or shaded by external projections are   
considered bare glass.

†These factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period.  Where the temperature is
allowed to swing, additional storage will result during peak load periods.  Refer to Table 13 for applicable storage factors.

§ Weight per sq ft of floor-
Room on Bldg Exterior (One or more outside walls)  =

Room in Bldg Interior (No outside walls) =

Basement Room (Floor on ground) =

Entire Building or Zone =

With rug on floor-Weight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per sq ft of common types of construction are contained in Tables 21 thru 33, pages 66 thru 76.

(Weight of Outside Walls, lb) + ½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Walls, lb) + (Weight of Floor, lb) + ½ (Weight of Partitions and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Wall, Partitons, Floors, Ceilings, Structural Members and Supports,lb)
Air Conditioned Floor Area, sq ft

www.HVAC-ENG.com
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TABLE 9-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS

WITH INTERNAL SHADING DEVICE*
16 Hour Operation, Constant Space Temperature†

WEIGHTS SUN TIME
EXPOSURE (lb per sq AM PM EXPOSURE
(North Lat) ft of floor area) 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 (South Lat)

150 & over .53 .64 .59 .47 .31 .25 .24 .22 .18 .17 .16 .14 .12 .09 .08 .07
Northeast 100 .53 .65 .61 .50 .33 .27 .22 .21 .17 .16 .15 .13 .11 .08 .07 .06 Southeast

30 .56 .77 .73 .58 .36 .24 .19 .17 .15 .13 .12 .11 .07 .04 .02 .02
150 & over .47 .63 .68 .64 .54 .38 .27 .25 .20 .18 .17 .15 .12 .10 .09 .08

East 100 .46 .63 .70 .67 .56 .38 .27 .24 .20 .18 .16 .14 .12 .09 .08 .07 East
30 .47 .71 .80 .79 .64 .42 .25 .19 .16 .14 .11 .09 .07 .04 .02 .02

150 & over .14 .37 .55 .66 .70 .68 .58 .46 .27 .24 .21 .19 .16 .14 .12 .11
Southeast 100 .11 .35 .53 .66 .72 .69 .61 .47 .29 .24 .21 .18 .15 .12 .10 .09 Northeast

30 .02 .31 .57 .75 .84 .81 .69 .50 .30 .20 .17 .13 .09 .05 .04 .03
150 & over .19 .18 .34 .48 .60 .68 .73 .74 .64 .59 .42 .24 .22 .19 .17 .15

South 100 .16 .14 .31 .46 .59 .69 .76 .70 .69 .59 .45 .26 .22 .18 .16 .13 North
30 .12 .23 .44 .64 .77 .86 .88 .82 .56 .50 .24 .16 .11 .08 .05 .04

150 & over .22 .21 .20 .20 .20 .32 .47 .60 .63 .66 .61 .47 .23 .19 .18 .16
Southwest 100 .20 .19 .18 .17 .18 .31 .46 .60 .66 .70 .64 .50 .26 .20 .17 .15 Northwest

30 .08 .08 .09 .09 .10 .24 .47 .67 .81 .86 .79 .60 .26 .17 .12 .08
150 & over .23 .23 .21 .21 .20 .19 .18 .25 .36 .52 .63 .65 .55 .22 .19 .17

West 100 .22 .21 .19 .19 .17 .16 .15 .23 .36 .54 .66 .68 .60 .25 .20 .17 West
30 .12 .10 .10 .10 .10 .10 .09 .19 .42 .65 .81 .85 .74 .30 .19 .13

150 & over .21 .21 .20 .19 .18 .18 .17 .16 .16 .33 .49 .61 .60 .19 .17 .15
Northwest 100 .19 .19 .18 .17 .17 .16 .16 .15 .16 .34 .52 .65 .23 .18 .15 .12 Southwest

30 .12 .11 .11 .11 .11 .11 .11 .10 .17 .39 .63 .80 .79 .28 .18 .12
North 150 & over .23 .58 .75 .79 .80 .80 .81 .82 .83 .84 .86 .87 .88 .39 .35 .31 South
and 100 .25 .46 .73 .78 .82 .82 .83 .84 .85 .87 .88 .89 .90 .40 .34 .29 and

Shade 30 .07 .22 .69 .80 .86 .93 .94 .95 .97 .98 .98 .99 .99 .35 .23 .16 Shade
                                     Equation: Cooling Load, Btu/hr  =  [Peak solar heat gain, Btu/(hr) (sq ft), (Table 6)]
                                                      × [Window area, sq ft]

          × [Shade factor, Haze factor, etc., (Chapter 4)]
          × [Storage factor, (above Table at desired time)]

*Internal shading device is any type of shade located on the inside of the glass.
†These factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period.  Where the temperature is

allowed to swing, additional storage will result during peak load periods.  Refer to Table 13 for applicable storage factors.
§ Weight per sq ft of floor-

Room on Bldg Exterior (One or more outside walls)  =

Room in Bldg Interior (No outside walls) =

Basement Room (Floor on ground) =

Entire Building or Zone =

With rug on floor-Weight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per sq ft of common types of construction are contained in Tables 21 thru 33, pages 66 thru 76.

(Weight of Outside Walls, lb) + ½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Walls, lb) + (Weight of Floor, lb) + ½ (Weight of Partitions and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Wall, Partitons, Floors, Ceilings, Structural Members and Supports,lb)
Air Conditioned Floor Area, sq ft
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TABLE 10-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS

WITH BARE GLASS OR WITH EXTERNAL SHADE‡
16 Hour Operation, Constant Space Temperature†

WEIGHT§ SUN TIME
EXPOSURE (lb per sq AM PM EXPOSURE
(North Lat) ft of floor area) 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 (South Lat)

150 & over .28 .37 .42 .41 .38 .36 .33 .31 .23 .22 .20 .19 .17 .15 .14 .12
Northeast 100 .28 .39 .45 .45 .41 .39 .31 .27 .22 .21 .19 .17 .16 .14 .12 .10 Southeast

30 .33 .57 .66 .62 .46 .33 .26 .21 .18 .16 .14 .12 .09 .06 .04 .03
150 & over .29 .38 .44 .48 .48 .46 .41 .36 .28 .26 .23 .22 .20 .18 .16 .14

East 100 .27 .38 .48 .54 .52 .48 .41 .35 .28 .25 .23 .20 .18 .15 .14 .12 East
30 .29 .51 .68 .74 .69 .53 .38 .27 .22 .18 .15 .12 .09 .06 .04 .03

150 & over .24 .29 .35 .43 .49 .53 .53 .51 .39 .35 .32 .29 .26 .23 .21 .19
Southeast 100 .19 .24 .33 .44 .52 .57 .57 .53 .41 .36 .31 .27 .24 .21 .18 .16 Northeast

30 .03 .20 .41 .60 .73 .77 .72 .60 .44 .32 .23 .18 .14 .09 .07 .05
150 & over .33 .31 .32 .37 .43 .49 .55 .60 .57 .51 .48 .42 .37 .33 .29 .26

South 100 .27 .24 .28 .34 .42 .50 .58 .60 .60 .57 .53 .45 .37 .31 .27 .23 North
30 .06 .04 .15 .31 .49 .65 .75 .82 .81 .75 .61 .42 .28 .19 .13 .09

150 & over .35 .32 .30 .28 .26 .28 .30 .37 .43 .47 .46 .40 .34 .30 .27 .24
Southwest 100 .31 .28 .25 .24 .22 .26 .33 .40 .46 .50 .53 .51 .44 .35 .29 .26 Northwest

30 .11 .10 .10 .09 .10 .14 .35 .54 .68 .78 .78 .68 .46 .29 .20 .14
150 & over .38 .34 .32 .28 .26 .25 .23 .25 .26 .27 .36 .42 .44 .38 .33 .29

West 100 .34 .31 .28 .25 .23 .22 .21 .21 .23 .30 .40 .48 .51 .43 .35 .30 West
30 .17 .14 .13 .11 .11 .10 .10 .15 .29 .49 .67 .76 .75 .53 .33 .22

150 & over .33 .30 .28 .26 .24 .23 .22 .20 .18 .17 .25 .34 .39 .34 .29 .26
Northwest 100 .30 .28 .25 .23 .22 .20 .19 .17 .17 .19 .29 .40 .46 .40 .32 .26 Southwest

30 .18 .14 .12 .12 .12 .12 .12 .11 .13 .27 .48 .65 .73 .49 .31 .21
North 150 & over .31 .57 .64 .68 .72 .73 .73 .74 .74 .75 .76 .78 .78 .59 .52 .46 South
and 100 .30 .47 .60 .67 .72 .74 .77 .78 .79 .80 .81 .82 .83 .60 .51 .44 and

Shade 30 .04 .07 .53 .70 .78 .84 .88 .91 .93 .95 .97 .98 .99 .62 .34 .24 Shade
                                     Equation: Cooling Load, Btu/hr  =  [Peak solar heat gain, Btu/(hr) (sq ft), (Table 6)]
                                                      × [Window area, sq ft]

          × [Shade factor, Haze factor, etc., (Chapter 4)]
          × [Storage factor, (above Table at desired time)]

‡Bare glass-Any window with no inside shading device.  Windows with shading devices on the outside or shaded by external projections are 
considered bare glass.

†These factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period.  Where the temperature is
allowed to swing, additional storage will result during peak load periods.  Refer to Table 13 for applicable storage factors.

§ Weight per sq ft of floor-
Room on Bldg Exterior (One or more outside walls)  =

Room in Bldg Interior (No outside walls) =

Basement Room (Floor on ground) =

Entire Building or Zone =

With rug on floor-Weight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per sq ft of common types of construction are contained in Tables 21 thru 33, pages 66 thru 76.

(Weight of Outside Walls, lb) + ½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Walls, lb) + (Weight of Floor, lb) + ½ (Weight of Partitions and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Wall, Partitons, Floors, Ceilings, Structural Members and Supports,lb)
Air Conditioned Floor Area, sq ft

www.HVAC-ENG.com



Part 1. Load Estimating | Chapter 3. Heat Storage, Diversity And Stratification

TABLE 11-STORAGE LOAD FACTORS, SOLAR HEAT GAIN THRU GLASS
12 Hour Operation, Constant Space Temperature†

WEIGHT§ SUN TIME
EXPOSURE (lb per sq AM PM AM EXPOSURE
(North Lat) ft of floor area) 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 (South Lat)

150 & over .59 .67 .62 .49 .33 .27 .25 .24 .22 .21 .20 .17 .34 .42 .47 .45 .42 .39 .36 .33 .30 .29 .26 .25
Northeast 100 .59 .68 .64 .52 .35 .29 .24 .23 .20 .19 .17 .15 .35 .45 .50 .49 .45 .42 .34 .30 .27 .26 .23 .20 Southeast

30 .62 .80 .75 .60 .37 .25 .19 .17 .15 .13 .12 .11 .40 .62 .69 .64 .48 .34 .27 .22 .18 .16 .14 .12
150 & over .51 .66 .71 .67 .57 .40 .29 .26 .25 .23 .21 .19 .36 .44 .50 .53 .53 .50 .44 .39 .36 .34 .30 .28

East 100 .52 .67 .73 .70 .58 .40 .29 .26 .24 .21 .19 .16 .34 .44 .54 .58 .57 .51 .44 .39 .34 .31 .28 .24 East
30 .53 .74 .82 .81 .65 .43 .25 .19 .16 .14 .11 .09 .36 .56 .71 .76 .70 .54 .39 .28 .23 .18 .15 .12

150 & over .20 .42 .59 .70 .74 .71 .61 .48 .33 .30 .26 .24 .34 .37 .43 .50 .54 .58 .57 .55 .50 .45 .41 .37
Southeast 100 .18 .40 .57 .70 .75 .72 .63 .49 .34 .28 .25 .21 .29 .33 .41 .51 .58 .61 .61 .56 .49 .44 .37 .33 Northeast

30 .09 .35 .61 .78 .86 .82 .69 .50 .30 .20 .17 .13 .14 .27 .47 .64 .75 .79 .73 .61 .45 .32 .23 .18
150 & over .28 .25 .40 .53 .64 .72 .77 .77 .73 .67 .49 .31 .47 .43 .42 .46 .51 .56 .61 .65 .66 .65 .61 .54

South 100 .26 .22 .38 .51 .64 .73 .79 .79 .77 .65 .51 .31 .44 .37 .39 .43 .50 .57 .64 .68 .70 .68 .63 .53 North
30 .21 .29 .48 .67 .79 .88 .89 .83 .56 .50 .24 .16 .28 .19 .25 .38 .54 .68 .78 .84 .82 .76 .61 .42

150 & over .31 .27 .27 .26 .25 .27 .50 .63 .72 .74 .69 .54 .51 .44 .40 .37 .34 .36 .41 .47 .54 .57 .60 .58
Southwest 100 .33 .28 .25 .23 .23 .35 .50 .64 .74 .77 .70 .55 .53 .44 .37 .35 .31 .33 .39 .46 .55 .62 .64 .60 Northwest

30 .29 .21 .18 .15 .14 .27 .50 .69 .82 .87 .79 .60 .48 .32 .25 .20 .17 .19 .39 .56 .70 .80 .79 .69
150 & over .63 .31 .28 .27 .25 .24 .22 .29 .46 .61 .71 .72 .56 .49 .44 .39 .36 .33 .31 .31 .35 .42 .49 .54

West 100 .67 .33 .28 .26 .24 .22 .20 .28 .44 .61 .72 .73 .60 .52 .44 .39 .34 .31 .29 .28 .33 .43 .51 .57 West
30 .77 .34 .25 .20 .17 .14 .13 .22 .44 .67 .82 .85 .77 .56 .38 .28 .22 .18 .16 .19 .33 .52 .69 .77

150 & over .68 .28 .27 .25 .23 .22 .20 .19 .24 .41 .56 .67 .49 .44 .39 .36 .33 .30 .28 .26 .26 .30 .37 .44
Northwest 100 .71 .31 .27 .24 .22 .21 .19 .18 .23 .40 .58 .70 .54 .49 .41 .35 .31 .28 .25 .23 .24 .30 .39 .48 Southwest

30 .82 .33 .25 .20 .18 .15 .14 .13 .19 .41 .64 .80 .75 .53 .36 .28 .24 .19 .17 .15 .17 .30 .50 .66
North 150 & over .96 .96 .96 .96 .96 .96 .96 .96 .96 .96 .96 .96 .75 .75 .79 .83 .84 .86 .88 .88 .91 .92 .93 .93 South
and 100 .98 .98 .98 .98 .98 .98 .98 .98 .98 .98 .98 .98 .81 .84 .86 .89 .91 .93 .93 .94 .94 .95 .95 .95 and

Shade 30 1.00 1.00 Shade
                                Equation: Cooling Load, Btu/hr  =  [Peak solar heat gain, Btu/(hr) (sq ft), (Table 6)]
                                                  × [Window area, sq ft]

      × [Shade factor, Haze factor, etc., (Chapter 4)]
      × [Storage factor, (above Table at desired time)]

 *Internal shading device is any type of shade located on the inside of the glass.
‡Bare glass-Any window with no inside shading device.  Windows with shading devices on the outside or shaded by external projections are 

considered bare glass.
†These factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period.  Where the temperature is

allowed to swing, additional storage will result during peak load periods.  Refer to Table 13 for applicable storage factors.
§ Weight per sq ft of floor-

Room on Bldg Exterior (One or more outside walls)  =

Room in Bldg Interior (No outside walls) =

Basement Room (Floor on ground) =

Entire Building or Zone =

With rug on floor-Weight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per sq ft of common types of construction are contained in Tables 21 thru 33, pages 66 thru 76.

(Weight of Outside Walls, lb) + ½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Walls, lb) + (Weight of Floor, lb) + ½ (Weight of Partitions and Ceiling, lb)
Floor Area in Room, sq ft

(Weight of Outside Wall, Partitons, Floors, Ceilings, Structural Members and Supports,lb)
Air Conditioned Floor Area, sq ft
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TABLE 12-STORAGE LOAD FACTORS, HEAT GAIN-LIGHTS*
Lights On 10 Hours† with Equipment Operating 12, 16 and 24 Hours, Constant Space Temperature

EQUIP.
OPER- WEIGHT
ATION (lb per sq ft
Hours of floor area) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

150 & over .37 .67 .71 .74 .76 .79 .81 .83 .84 .86 .87 .29 .26 .23 .20 .19 .17 .15 .14 .12 .11 .10 .09 .08
24 100 .31 .67 .72 .76 .79 .81 .83 .85 .87 .88 .90 .30 .26 .22 .19 .16 .15 .13 .12 .10 .09 .08 .07 .06

30 .25 .74 .83 .88 .91 .94 .96 .96 .98 .98 .99 .26 .17 .12 .08 .05 .04 .03 .02 .01 .01 .01 0 0
150 & over .60 .82 .83 .84 .84 .84 .85 .85 .86 .88 .90 .32 .28 .25 .23 .19

16 100 .46 .79 .84 .86 .87 .88 .88 .89 .89 .90 .90 .30 .26 .22 .19 .16
30 .29 .77 .85 .89 .92 .95 .96 .96 .98 .98 .99 .26 .17 .12 .08 .05

150 & over .63 .90 .91 .93 .93 .94 .95 .95 .95 .96 .96 .37
12 100 .57 .89 .91 .92 .94 .94 .95 .95 .96 .96 .97 .36

30 .42 .86 .91 .93 .95 .97 .98 .98 .99 .99 .99 .26
150 & over .34 .55 .61 .65 .68 .71 .74 .77 .79 .81 .83 .39 .35 .31 .28 .25 .23 .20 .18 .16 .15 .14 .12 .11

24 100 .24 .56 .63 .68 .72 .75 .78 .80 .82 .84 .86 .40 .34 .29 .25 .20 .18 .17 .15 .14 .12 .10 .09 .08
30 .17 .65 .77 .84 .88 .92 .94 .95 .97 .98 .98 .35 .23 .16 .11 .07 .05 .04 .03 .02 .01 .01 0 0

150 & over .58 .75 .79 .80 .80 .81 .82 .83 .84 .86 .87 .39 .35 .31 .28 .25
16 100 .46 .73 .78 .82 .82 .82 .83 .84 .85 .87 .88 .40 .34 .29 .25 .20

30 .22 .69 .80 .86 .89 .93 .94 .95 .97 .98 .98 .35 .23 .16 .11 .07
150 & over .69 .86 .89 .90 .91 .91 .92 .93 .94 .95 .95 .50

12 100 .58 .85 .88 .88 .90 .92 .93 .94 .94 .94 .95 .48
30 .40 .81 .88 .91 .93 .96 .97 .97 .98 .99 .99 .35

150 & over .23 .33 .41 .47 .52 .57 .61 .66 .69 .72 .74 .59 .52 .46 .42 .37 .34 .31 .27 .25 .23 .21 .18 .16
24 100 .17 .33 .44 .52 .56 .61 .66 .69 .74 .77 .79 .60 .51 .37 .37 .32 .30 .27 .23 .20 .18 .16 .14 .12

30 0 .48 .66 .76 .82 .87 .91 .93 .95 .97 .98 .52 .34 .16 .16 .11 .07 .05 .04 .02 .02 .01 0 0
150 & over .57 .64 .68 .72 .73 .73 .74 .74 .75 .76 .78 .59 .52 .42 .42 .37

16 100 .47 .60 .67 .72 .74 .77 .78 .79 .80 .81 .82 .60 .51 .37 .37 .32
30 .07 .53 .70 .78 .84 .88 .91 .93 .95 .97 .98 .52 .34 .16 .16 .11

150 & over .75 .79 .83 .84 .86 .88 .89 .91 .91 .93 .93 .75
12 100 .68 .77 .81 .84 .86 .88 .89 .89 .92 .93 .93 .72

30 .34 .72 .82 .87 .89 .92 .95 .95 .97 .98 .98 .52
†These factors apply when maintaining a CONSTANT TEMPERATURE in the space during the operating period.  Where the temperature is

allowed to swing, additional storage will result during peak load periods.  Refer to Table 13 for applicable storage factors.
with lights operating the same number of hours as the time of equipment operation, use a load factor of 1.00.

†Lights On for Shorter or Longer Period than 10 Hours
     Occasionally adjustments may be required to take account of lights
operating less or more than the 10 hours on which the table is based.  The
following is the procedure to adjust the load factors:
A-WITH LIGHTS IN OPERATION FOR SHORTER PERIOD THAN 10 HOURS
and the equipment operating 12, 16 or 24 hours at the time of the overall peak
load, extrapolate load factors as follows:
  1. Equipment operating for 24 hours:

a. Use the storage load factors as listed up to the time the lights are 
turned off.

b. Shift the load factors beyond the 10th hour (on the right of heavy line)
to the left to the hour the lights are turned off.  This leaves last few 
hours of equipment operation without designated load factors.

c. Extrapolate the last few hours at thee same rate of reduction as the 
end hours in the table.

 2. Equipment operating for 16 hours:
a. Follow the procedure in Step 1, using the storage load factor values

in 24-hour equipment operation table.
b. Now construct a new set of load factors by adding the new values

for the 16th hour to that denoted 0, 17th hour  to the 1st hour, etc.
b. The load factors for the hours succeeding the switching- off the

lights are as in Steps 1b and 1c.

3. Equipment operating for 12 hours:
Follow procedure in Step 2, except in Step 2b add values of 12th

hour to that designated 0, 13th hour to the 1st hour, etc.
B-WITH LIGHTS IN OPERATION FOR LONGER PERIOD THAN 10 HOURS
and the equipment operating 12, 16 or 24 hours at the time of the overall peak
load, extrapolate load factors as follows:

1. Equipment operating for 24 hours:
a. Use the load factors as listed through 10th hour and extrapolate

beyond the 10th hour at the rate of the last 4 hours.
b. Follow the same procedure as in Step 1b of “A” except shift load

factors beyond 10th hour now to the right, dropping off the last few
hours.

2. Equipment operating for 16 hours or  12 hours:
a. Use the load factors in 24-hour equipment operation table as listed

through 10th hour and extrapolate beyond the 10th hour at the rate of
the last 4 hours.

b. Follow the procedure in Step 1b of “A” except shift the load factors
beyond 10th hour now to the right.

c. For 16-hour equipment operation, follow the procedure in Steps 2b
and 2c of “A”.

d. For 12-hor equipment operation, follow the procedure in Step 3 of
“A”.
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Example
Adjust  values for 24-hour equipment operation and derive new values for 16-hour equipment operation for fluorescent lights in operation 8

and 13 hours, and an enclosure of 150 lb/sq ft of floor.

EQUIP WEIGHT§ LIGHTS
OPERATION (lb per sq ft NUMBER OF HOURS AFTER LIGHTS ARE TURNED ON ON

Hours of floor area) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Hours
.37 .67 .71 .74 .76 .79 .81 .83 .84 .86 .87 .89 .90 .92 .29 .26 .23 .20 .19 .17 .15 .14 .12 .11 13

24 150 .37 .67 .71 .74 .76 .79 .81 .83 .84 .29 .26 .23 .20 .19 .17 .15 .14 .12 .11 .10 .09 .08 .07 .06 8
.37 .67 .71 .74 .76 .79 .81 .83 .84 .86 .87 .29 .26 .23 .20 .19 .17 .15 .14 .12 .11 .10 .09 .08 10
.60 .87 .90 .91 .91 .93 .93 .94 .94 .95 .95 .96 .96 .97 .29 .26 13

16 150 .51 .79 .82 .84 .85 .87 .88 .89 .90 .29 .26 .23 .20 .19 .17 .15 8
.60 .82 .83 .84 .84 .84 .85 .85 .86 .88 .90 .32 .28 .25 .23 .19 10

§ Weight per sq ft of floor-
Room on Bldg Exterior (One or more outside walls)  =

Room in Bldg Interior (No outside walls) =

Basement Room (Floor on ground) =

Entire Building or Zone =

With rug on floor-Weight of floor should be multiplied by 0.50 to compensate for insulating effect of rug.
Weights per sq ft of common types of construction are contained in Tables 21 thru 33, pages 66 thru 76.

SPACE TEMPERATURE SWING
In addition to the storage of radiant heat with a

constant room temperature, heat is stored in the
building structure when the space temperature is
forced to swing.If the cooling capacity supplied to the
space matches the cooling load, the temperature in
thespace remains constant throughout the operating
period.  On the other hand, if the cooling capacity
supplied to the space is lower than the actual cooling
load at any point, the temperature in the space will rise.
Ad the space temperature increases, less heat is
convected from the surface and more radiant heat is
stored in the structure. This process of storing
additional heat is illustrated in Fig. 11.

FIG. 11-ACTUAL COOLING LOAD WITH VARYING
ROOM TEMPERATURE

The solid curve is the actual cooling load from the
solar heat gain on a west exposure with a constant
space temperature, 24-hour operation.  Assume that
the maximum cooling capacity available is represented
by A, and that the capacity is controlled to maintain a
constant temperature at partial load.  When the actual
cooling load exceeds the available cooling capacity,
the temperature will swing as shown in the lower curve.
The actual cooling load with temperature swing is
shown by the dotted line.  This operates in a similar
manner with different periods of operation and with
different types of construction.
NOTE:  When a system is designed for a temperature swing, the
            maximum swing occurs only at the peak on design days,
            which are defined as those days when all loads
            simultaneously peak.  Under normal operating conditions,
            the temperature remains constant or close to constant.

Basis of Table 13
-- Storage Factors,

Space Temperature Swing
     The storage factors in Table 13 were computed
using essentially the same procedure as Tables 7 thru
12 with the exception that the equipment capacity

(Weight of Outside Wall, lb) + ½ (Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room,sq ft

½(Weight of Partitions, Floor and Ceiling, lb)
Floor Area in Room,sq ft

(Weight of Outside Wall, lb) + (Weight of Floor, lb) +  ½ (Weight of Partitions  and Ceiling, lb)
Floor Area in Room,sq ft

(Weight of Outside Wall, Partitions, Floors, Ceilings, Structural Members and Supports, lb)
Air Conditioned Floor Area, sq ft
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available was limited and the swing in room
temperature computed.
    The magnitude of the storage effect is determined
largely by the thermal capacity or heat holding capacity
of the materials surrounding the space. It is limited by
the amount of heat available for storage. Load patterns
for different applications vary approximately as shown
in the first column of Table 13.  For instance, an office
building has a rather large varying load with a high
peak that occurs intermittently.  An interior zone has an
intermittent peak but the load pattern is relatively
constant.  A hospital, on the other hand, has a constant
base load which is present for 24 hours with an
additional intermittent load occurring during daylight
hours.  The thermal capacity of a material is the weight
times the specific heat of the material. Since the
specific heat of most construction material is
approximately 0.20 Btu/(lb)(F), the thermal capacity is

directly proportional to the weight of the material.
Therefore, the data in the tables is based on weight of
the materials surrounding the space, per square foot of
floor area.
Use of Table 13
-- Storage Factors,
    Space Temperature Swing

 Table 13 is used to determine the reduction in
cooling load when the space temperature is forced to
swing by reducing the equipment capacity below that
required to maintain the temperature constant.  This
reduction is to be subtracted from the room sensible
heat.
NOTE:  This reduction is only taken at the time of peak cooling 

load.
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Example 3 – Space Temperature Swing
Given:

The same room as in Example 1, page 28.
Find:

The actual cooling load at 4 p.m. from sun, lights, and
people with 3 F temperature swing in the space.

Solution:
The peak sensible cooling load in this room from the sun,
lights, and people (neglecting transmission infiltration,
ventilation and other internal heat gain) is

         5700+5190 = 10,890 Btu/hr. (Examples 1 and 2.)
NOTE: The peak cooling load in this room occurs at

approximately 4 p.m.  The solar and light loads are
almost at their peak at 4 p.m. Although the transmission
across the large glass window peaks at about 3 p.m., the
peak infiltration and ventilation load also occurs at 3 p.m.
and the relatively small transmission load across the wall
peaks much later at about 12 midnight. The sum of these
loads results in the peak cooling load occurring at about
4 p.m. in the spaces with this exposure.

The weight of the materials surrounding the room in Example 1 is
97.4 lb/sq ft of floor area.
Reduction in cooling load for a 3 F swing (Table 13)

= 20 × 20 × 1.4 × 3 = 1680 Btu/hr
Cooling load = 10,890 - 1680 = 9210 Btu/hr.

(For comparison purposes, the instantaneous heat gain
from sun, lights, and people in this particular room is
14,610 Btu/hr.)

Since the normal thermostat setting is about 75 F or 76 F db, the
design temperature (78 F = 75 F thermostat setting +3 F swinng)
occurs only on design peak days at the time of peak load.
Under partial load operation, the room temperature is between
75 F db and 78 F db, or at the thermostat setting (75 F),
depending on the load.

PRECOOLING AS A MEANS OF INCREASING
STORAGE
     Precooling a space below the temperature normally
desired increases the storage of heat at the time of
peak load, only when the precooling temperature is
maintained as the control point.  This is because the
potential temperature swing is increased, thus adding
to the amount of heat stored at the time of peak load.
Where the space is precooled to a lower temperature
and the control point is reset upward to a comfortable
condition when the occupants arrive, no additional
storage occurs. In this situation, the cooling unit shuts
off and there is no cooling during the period of warming
up.  When the cooling unit begins to supply cooling
again, the cooling load is approximately up to the point
it would have been without any precooling.
    Precooling is very useful in reducing the cooling
load in applications such as churches, supermarkets,

theater, etc., where the precooled temperature can be
maintained as the control point and the temperature
swing increased to 8 F or 10 F.
DIVERSITY OF COOLING LOADS
     Diversity of cooling load results from the probable
non-occurrence of part of the cooling load on a design
day. Diversity factors are applied to the refrigeration
capacity in large air conditioning systems. These
factors vary with location, type and size of the
application, and are based entirely on the judgment of
the engineer.
    Generally, diversity factors can be applied to people
and light loads in large multi-story office, hotel or
apartment buildings. The possibility of having all of the
people present in the building and all of the lights
operating at the time of peak load are slight. Normally,
in large office buildings, some people will be away from
the office on other business. Also, the lighting
arrangement will frequently be such that the lights in the
vacant offices will not be on. In addition to lights being
off because the people are not present, the normal
maintenance procedure in large office buildings usually
results in some lights being inoperative. Therefore, a
diversity factor on the people and light loads should be
applied for selecting the proper size refrigeration
equipment.
    The size of the diversity factor depends on the size
of the building and the engineer’s judgment of the
circumstances involved. For example, the diversity
factor on a single small office with 1 or 2 people is 1.0
or no reduction.  Expanding this to one floor of a
building with 50 to 100 people, 5% to 10% may be
absent at the time of peak load, and expanding to a 20,
30 or 40-story building, 10% to 20%  may be absent
during the peak. A building with predominantly sales
offices would have many people out in the normal
course of business.
    This same concept applies to apartments and
hotels. Normally, very few people are present at the
time the solar and transmission loads are peaking, and
the lights are normally turned on only after sundown.
Therefore, in apartments and hotels, the diversity factor
can be much greater than with office buildings.
    These reductions in cooling load are real and
should be made where applicable. Table 14 lists some
typical diversity factors, based on judgment and
experience.
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TABLE 14-TYPICAL DIVERSITY FACTORS
FOR LARGE BUILDINGS

(Apply to Refrigeration Capacity)
TYPE OF DIVERSITY FACTOR

APPLICATION People Lights
Office .75 to .90 .70 to .85
Apartment, Hotel .40 to .60 .30 to .50
Department Store .80 to .90 .90 to 1.0
Industrial* .85 to .95 .80 to .90

Equation:
     Cooling Load (for people and lights), Btu/hr

   = (Heat Gain, Btu/hr, Chapter 7)
                    × (Storage Factor, Table 12) ×(Diversity Factor,
                    above table)
*A diversity factor should also be applied to the machinery load.
Refer to Chapter 7.

Use of Table 14
-- Typical Diversity Factors for Large Buildings
      The diversity factors listed in Table 14 are to be
used as a guide in determining a diversity factor for any
particular application. The final factor must necessarily
be based on judgment of the effect of the many
variables involved.
STRATIFICATION OF HEAT
    There are generally two situations where heat is
stratified and will reduce the cooling load on the air
conditioning equipment:

1. Heat may be stratified in rooms with high
ceilings where air is exhausted through the roof
or ceiling.

2. Heat may be contained above suspended
ceilings with recessed lighting and/or ceiling
plenum return systems

   The first situation generally applies to industrial
applications, churches, auditoriums, and the like.  The
second situation applies to applications such as office
buildings, hotels, and apartments. With both cases, the
basic fact that hot air tends to rise makes it possible to
stratify load such as convection from the roof,
convection from lights, and convection from the upper
part of the walls. The convective portion of the roof load

is about 25% (the rest is radiation); the light load is
about 50% with fluorescent (20^ with incandescent),
and the wall transmission load about 40%.
    In any room with a high ceiling, a large part of the
convection load being released above the supply air
stream will stratify at the ceiling or roof level.  Some will
be induced into the supply air stream. Normally, about
80% is stratified and 20% induced in the supply air.  If
air is exhausted through the ceiling or roof, this
convection load released abovethe supply air may be
subtracted from the air conditioning load. This results in
a large reduction in load if the air is to be exhausted.  It
is not normally practical to exhaust more air than
necessary, as it must be made up by bringing outdoor
air through the apparatus.  This usually results in a
larger increase in load than the reduction realized by
exhausting air.
    Nominally, about a 10 F to 20 F rise in exhaust air
temperature may be figured as load reduction if there is
enough heat released by convection above the supply
air stream.
    Hot air stratifies at the ceiling event with no exhaust
but rapidly builds up in temperature, and no reduction
in load should be taken where air is not exhausted
through the ceiling or roof.
    With suspended ceilings, some of the convective
heat from recessed lights flows into the plenum space.
Also, the radiant heat within the room (sun, lights,
people, etc.) striking the ceiling warms it up and causes
heat to flow into the plenum space.  These sources of
heat increase the temperature of air in the plenum
space which causes heat to flow into the underside of
the floor structure above.  When the ceiling plenum is
used as a return air system, some of the return air flows
through  and over the light fixture, carrying more of the
convective heat into the plenum space.
    Containing heat within the ceiling plenum space
tends to “flatten’ both the room and equipment load.
The storage factors for estimating the load with the
above conditions are contained in Table 12.
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CHAPTER  4.  SOLAR HEAT GAIN THRU GLASS

SOLAR HEAT – DIRECT AND DIFFUSE
The solar heat on the outer edge of the earth’s

atmosphere is about 445 Btu/(hr)(sq ft) on December
21 when the sun is closest to the earth, and about 415
Btu/(hr)(sq ft) on June 21 when it is farthest away. The
amount of solar heat outside the earth’s atmosphere
varies between these limits throughout the year.
     The solar heat reaching the earth’s surface is
reduced considerably below these figures because a
large part of it is scattered, reflected back out into
space, and absorbed by the atmosphere. The
scattered radiation is termed Diffuse or  sky radiation,
and is more or less evenly distributed over the earth’s
surface because it is nothing more than a reflection
from dust particles, water vapor and ozone in the
atmosphere.  The solar heat that comes directly through
the atmosphere is termed direct radiation. The
relationship between the total and the direct and diffuse
radiation at any point on earth is dependent on the
following two factors:

1. The distance traveled through the atmosphere
to reach the point on the earth.

     2.     The amount of haze in the air.
     As the distance traveled or the amount of haze
increases, the diffuse radiation component increases
but the direct component decreases.  As either or both
of these factors increase, the overall effect is to reduce
the total quantity of heat reaching the earth’s surface.
ORDINARY GLASS
     Ordinary glass is specified as crystal glass of
single thickness and single or double strength.  The
solar heat gain through ordinary glass depends on its
location on the earth’s surface (latitude), time of day,
time of year, and facing direction of the window.The
direct radiation component results in a heat gain to the
conditioned space only when the window is in the direct
rays of the sun, whereas the diffuse radiation
component results in a heat gain, even when the
window is not facing the sun.
     Ordinary glass absorbs a small portion of the solar
heat (5% to 6%) and reflects or transmits the rest.  The
amount reflected or transmitted depends on the angle
of incidence.  (The angle of incidence is the angle
between the perpendicular to the window surface and
the sun’s rays,  Fig. 18, page 55.)  At low angles of
incidence, about 89% or 87% is transmitted and 8% or
9% is reflected, as shown in Fig. 12.  As the angle of
incidence increases, more solar heat is reflected and
less is transmitted, as shown in Fig. 13.  The total solar

heat gain to the conditioned space consists of the
transmitted heat plus about 40% of the heat that is
absorbed in the glass.

FIG. 12-REACTION ON SOLAR HEAT (R), ORDINARY
GLASS, 30 ANGLE OF INCIDENCE

FIG. 13-REACTION ON SOLAR HEAT (R), ORDINARY
GLASS, 80 ANGLE OF INCIDENCE

NOTE:  The 40% of the absorbed solar heat going into the space
             is derived from the following reasoning:

1. The outdoor film coefficient is approximately 2.8 Btu/ (hr)
(sq ft) (deg F) with a 5 mph wind velocity during the
summer.

°

°
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2. The inside film coefficient is approximately 1.8 Btu/ (hr) (sq
ft) (deg F) because, in the average system design, air
velocities across the glass are approximately 100-200 fpm.

3. If outdoor temperature is equal to room temperature, the
glass
temperature is above both.  Therefore absorbed heat

       flowing in =

       Absorbed heat flowing out =

4. As the outdoor temperature rises, the glass temperature
also  irises, causing more of the absorbed heat to flow into
the space.  This can be accounted for by adding the
transmission of heat across the glass (caused by
temperature difference between inside and outdoors) to the
constant 40% of the absorbed heat going inside.

5. This reasoning applies equally well when the outdoor
temperature is below the room temperature.

Basis of Table 15
- Solar heat Gain thru Ordinary Glass
     Table 15 provides data for 0°, 10°, 20°, 30°, 40°,
and 50° latitudes, for each month of the year and for
each hour of the day.  This table includes the direct and
diffuse radiation and that portion of the heat absorbed
in the glass which gets into the space.  It does not
include the transmission of heat across the glass
caused by a temperature difference between the
outdoor and inside air. (See Chapter 5 for “U” values.)
     The data in Table 15 is based on the following
conditions:-
     1.  A glass area equal to   85% of the sash area.This
is typical for wood sash windows.  For metal sash
windows, the glass area is assumed equal to 100% of
the sash area because the conductivity of the metal
sash is very high and the solar heat absorbed in the
sash is transmitted almost instantaneously.

NOTE: The sash area equals
approximately 85% of the masonry
opening (or frame opening with
frame walls) with wood sash
windows, 90% of masonry
opening with double hung metal
sash windows, and 100% of
masonry opening with casement
windows.

             FIG. 14
       WINDOW AREAS

   2.     No haze in the air.
   3.     Sea level elevation.

4. A sea level dewpoint temperature of 66.8 F (95 F
db, 75 F wb) which approximately corresponds
to  4 centimeters of precipitable water vapor.
Precipitable water vapor is all of the water vapor
in a column of air from sea level to the outer
edge of the atmosphere.

     If these conditions do not apply, use the correction
factors at the bottom of each page of Table 15.

Use of Table 15
- Solar Heat Gain thru Ordinary Glass
     The bold face values in Table 15 indicate the
maximum solar heat gain for the month for each
exposure.  The bold face values that are boxed
indicate the yearly maximums for each exposure.
     Table 15 is used to determine the solar heat gain
thru ordinary glass at any time, in any space, zone or
building.
     To determine the actual cooling load due to the
solar heat gain, refer to  Chapter 3, “Heat Storage,
Diversity and Stratification.”

CAUTION – Where Estimation Multi-Exposure Rooms
     Or Buildings

     If a haze factor is used on one exposure to
determine the peak room or building load, the diffuse
component listed for the other exposures must be
divided by the haze factor to result in the actual room or
building peak load.  This is because the diffuse
component increases with increasing haze, as
explained on page 41.

1.8x100 = 39.2%,or 40%1.8+2.8
2.8x100
1.8+2.8 = 60.8%, or 60%
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Example 1 – Peak Solar Heat Gain (2 Exposures)
     Since the time at which the peak solar load occurs in a
space with 2 exposures is not always apparent, the solar heat
gain is generally calculated at more than one time to determine
its peak.

Given:
     A room with equal glass areas on the West and South at
40° North latitude.

Find:
     Peak solar heat gain.

Solution:
     From Table 15
        Solar heat gain-
           September 22          2:00          3:00          4:00 p.m.

West                  99          1:39           149
                    South                110             81            44
                    Total                 209           220           193
        Solar heat gain-
           October 23              2:00          3:00          4:00 p.m.
                 West                     88           122            117
                 South                  137           104             59
                 Total                    225           226            176
        Solar heat gain-
           November 21           2:00          3:00          4:00 p.m.
                  West                     74           100             91
                 South                   139           104             59
                 Total                     213           204           150
     The peak solar heat gain to this room occurs at 3:00 p.m.
on October 23.  The peak room cooling load does not
necessarily occur at the same time as the peak solar heat gain.
because the peak transmission load, people land, etc., may
occur at some other time.

Example 2 – Solar Gain Correction Factors
                   (Bottom Table 15)
     The conditions on which Table 15 is based do not apply to
all locations, since many cities are above sea level, and many
have different design dew points and some haze in their
atmosphere.

Given:
     A west exposure with steel casement windows
     Location – Topeka, Kansas
    Altitude – 991 ft
     Design dewpoint – 69.8 F
     39° North latitude

Find:
     Peak solar heat gain

Solution:
     By inspection of Table 15 The boxed boldface values for
peak solar heat gain, occurring at 4:00 p.m. on July 23

= 164 Btu/(hr) (sq ft)
     Assume a somewhat hazy condition.
     Altitude correction    = 1.007 (bottom Table 15)
     Dewpoint difference = 69.8-66.8 = 3 F
     Dewpoint correction = 1 – (3/10×.07) = .979

(bottom Table 15)
     Haze correction = 1 - .10 = .90 (bottom Table 15)
     Steel sash correction = 1/.85 (bottom Table 15)
     Solar heat gain at 4:00 p.m., July 23

= 164×1.007×.979×.90×1/.85
= 171 Btu/ (hr)(sq ft)
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FIG. 15-REACTION ON SOLAR HEAT (R), 52% HEAT
ABSORBING GLASS, 30  ANGLE OF INCIDENCE

ALL GLASS TYPES – WITH AND WITHOUT
SHADING DEVICES
     Glass, other than ordinary glass, absorbs more
solar heat because it
     1. May be thicker, or
     2. May be specially treated to absorb solar heat
         (heat absorbing glass).
     These special glass types reduce the transmitted
solar heat but increase the amount of absorbed solar
heat flowing into the space.  Normally they reflect
slightly less than ordinary glass because part of the
reflection takes place on the inside surface.  A portion
of heat reflected from the inside surface is absorbed in
passing back through the glass.  The overall effect,
however, is to reduce the solar heat gain to the
conditioned space as shown in Fig. 15.  (Refer to Item
8, page 51, for absorptivity, reflectivity and
transmissibility of common types of glass at 30° angle
of incidence.)
     The solar heat gain factor through 52% heat
absorbing glass as compared to ordinary glass is
.64F/.88R = .728 or .73.  This multiplier (.73) is used
with Table 15 to determine the solar heat gain thru 52%
heat absorbing glass.  Multipliers for various types of
glass are listed in Table 16.
     The effectiveness of a shading device depends on
its ability to keep solar heat from the conditioned space.
All shading devices reflect and absorb a major portion
of the solar gain, leaving a small portion to be
transmitted.  The outdoor shading devices are much
more effective than the inside devices because all of
the reflected solar heat is kept out and the absorbed
heat is dissipated to the outdoor air.  Inside devices
necessarily dissipate their absorbed heat within the
conditioned space and must also reflect the solar heat

FIG. 16-REACTION ON SOLAR HEAT (R), ¼ -INCH
PLATE GLASS, WHITE VENETIAN BLIND, 30 ANGLE

OF INCIDENCE

back through the glass (Fig. 16) wherein some of it is
absorbed.  (Refer to Item 8, page 51, for absorptivity,
reflectivity and transmissibility of common shading
devices at 30° angle of incidence.)
     The solar heat gain thru glass with an inside
shading device may be expressed as follows:

Where:
     Q  =  solar heat gain to space, Btu/ (hr)(sq ft)
     R  =  total solar intensity, Btu/(hr)(sq ft), (From Table 15)
     a   = solar absorptivity
     t    = solar transmissibility
     r   =  solar reflectivity
     g  =  glass
   sd  =  shading device
  .88  =  conversion factor from Fig. 12
     For drapes the above formula changes as follows,
caused by the hot air space between glass and drapes:

     The transmission factor U for glass with 100% drape
is 0.80 Btu/(hr) (sq ft) (F).
     The solar heat gain factor thru the combination in
Fig. 16 as compared to ordinary glass is .49R/.88R =
.557 or .56 (Refer to Table 16 for 41 -inch regular plate
glass with a white venetian blind.)

°
°

Q = [.4ag +tg (asd +tsd+rgrsd+.4agrsd)] R
.88

Q = [.24ag +tg (.85asd +tsd+rgrsd+.24agrsd)]
R

.88
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NOTE:  Actually the reaction on the solar heat reflected back
through the glass from the blind is not always identical
tot he first pass as assumed in this example.  The first
pass through the  glass filters out most of solar radiation
that is to be absorbed in the glass, and the second
pass absorbs somewhat less.  For simplicity, the
reaction is assumed identical, since the quantities are
normally small on the second pass.

Basis of Table 16
     Over-all Factors for Solar Heat Gain thru Glass,
     With and Without Shading Devices
The factors in Table 16 are based on:
1. An outdoor film coefficient of 2.8 Btu/(hr) (sq ft)

(deg F) at 5 mph wind velocity.
2. An inside film coefficient of 1.8 Btu/(hr) (sq ft) (deg

F), 100-200 fpm.  This is not 1.47 as normally used,
since the present practice in well designed
systems is to sweep the window with a stream of
air.

3. A 30° angle of incidence which is the angle at
which most exposures peak.  The 30° angle of
incidence is approximately the balance point on
reduction of solar heat coming through the
atmosphere and the decreased transmissibility of
glass.  Above the 30° angle the transmissibility of
glass decreases, and below the 30° angle the
atmosphere absorbs or reflects more.

4. All shading devices fully drawn, except roller
shades.  Experience indicates that roller shads are
seldom fully drawn, so the factors have been
slightly increased.

5. Venetian blind slats horizontal at 45° and shading
screen slats horizontal at 17°.

6.  Outdoor canvas awnings ventilated at sides and top.
     (See Table 16 footnote).
7.  Since Table 15 is based on the net solar heat gain
     thru ordinary glass, all calculated solar heat factors
     are divided by .88 (Fig. 12).
8.  The average absorptivity, reflectivity and
      transmissability for common glass and shading
     devices at a 30° angle of incidence along with
     shading factors appear in the table below.
Use of Table 16
- Over-all Factors for Solar Heat Gain thru Glass,
  With and Without Shading Devices
     The factors in Table 16 are multiplied by the values
in Table 15 to determine the solar heat gain thru
different combinations of glass and shading devices.
The correction factors listed under Table 15 are to be
used if applicable.  Transmission due to temperature
difference between the inside and outdoor air must be
added to the solar heat gain to determine total gain thru
glass.
Example 3 – Partially Drawn Shades
      Occasionally it is necessary to estimate the cooling load in a building
where the blinds are not to be fully drawn.  The procedure is illustrated in the
following example:
Given:
     West exposure, 40° North latitude
     Thermopane window with white venetian blind on inside, 43  drawn.
Find:
     Peak solar heat gain.
Solution:
     By inspection of Table 15, the boxed boldface values for peak solar heat
gain, occurring at 4:00 p.m. on July 23
   = 164 Btu/(hr) (sq ft)

TYPES OF GLASS OR Absorptivity Reflectivity Transmissibility
SHADING DEVICES* (a) (r) (t) Solar Factor†

Ordinary Glass .06 .08 .86 1.00
Regular Plate, ¼ “ .15 .08 .77 .94
Glass, Heat Absorbing by mfg. .05 (1 - .05 – a) -- --
Venetian Blind, Light Color .37 .51 .12 .56‡
                         Medium Color .58 .39 .03 .65‡
                         Dark Color .72 .27 .01 .75‡
Fiberglass Cloth, Off White (5.72-61/58) .05 .60 .35 .48‡
Cotton Cloth, Beige (6.18-91/36) .26 .51 .23 .56‡
Fiberglass Cloth, Light Gray .30 .47 .23 .59‡
Fiberglass Cloth, Tan (7.55-57/29) .44 .42 .14 .64‡
Glass Cloth, White, Golden Stripes .05 .41 .54 .65‡
Fiberglass Cloth, Dark Gray .60 .29 .11 .75‡
Dacron Cloth, White (1.8-86/81) .02 .28 .70 .76‡
Cotton Cloth, Dark Green, Vinyl Coated
   (similar to roller shade) .82 .15 .00 .88‡
Cotton Cloth, Dark Green (6.06-91/36) .02 .28 .70 .76‡

                     *Factors for various draperies are given for guidance only since        †Compared to ordinary glass.
                          the actual drapery material may be different in color and                      ‡For a shading device in combination with ordinary glass.
                          texture; figures in parentheses are ounces per sq yd, and yarn
                          count warp/filling.  Consult manufacturers for actual values.
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  Thermopane windows have no sash; therefore, sash area
correction = 1/.85 (bottom Table 15).
In this example, ¾ of the window is covered with the venetian
blind and ¼ is not; therefore, the solar heat gain factor equals
¾ of the overall factor + ¼ of the glass factor.
Factor for ¾ drawn =  (3/4×.52)+(1/4×.80) (Table 16)
                                =  .59
Solar heat gain        =  164×

                            =  114 Btu/ (hr) (sq ft).

Example 4-Peak Solar Heat Gain thru Solex “R” Glass
Given:
   West exposure, 40  North latitude
   ¼” Solex “R” glass in steel sash, double hung window

Find:
   Peak solar heat gain.
Solution:
   By inspection of Table 15 the boxed boldface value for peak
   solar heat gain, occurring at 4:00 p.m. on July 23
        = 164 Btu/(hr) (sq ft).
   Steel sash window correction = 1/.85 (bottom Table 15).
   Solex “R” glass absorbs 50.9% of the solar heat (footnotes to
   Table 16) which places this glass in the 48% to 56% absorbing
   range.
   From Table 16, the factor = .73.

   Solar heat gain =                = 141 Btu/(hr) (sq ft)

TABLE 16-OVER-ALL FACTORS FOR SOLAR HEAT GAIN THRU GLASS
WITH AND WITHOUT SHADING DEVICES*

Apply Factors to Table 15
Outdoor wind velocity, 5 mph-Angle of incidence, 30 – Shading devices fully covering window

INSIDE OUTSIDE
GLASS VENETIAL BLIND* OUTSIDE SHADING OUTSIDE

FACTOR 45  horiz. or vertical VENETIAN BLIND SCREEN† AWNING‡
NO or ROLLER SHADE 45  horiz. slats 17  horiz. slats vent. sides & top

SHADE Light on
Light Medium Dark Light Outside Medium** Dark§ Light Med. or
Color Color Color Color Dark on Color Color Color Dark

Inside Color
ORDINARY GLASS 1.00 .56 .65 .75 .15 .13 .22 .15 .20 .25
REGULAR PLATE (1/4 inch) .94 .56 .65 .74 .14 .12 .21 .14 .19 .24
HEAT ABSORBING GLASS††††††††
   40 to 48% Absorbing .80 .56 .62 .72 .12 .11 .18 .12 .16 .20
   48 to 56% Absorbing .73 .53 .59 .62 .11 .10 .16 .11 .15 .18
   56 to 70% Absorbing .62 .51 .54 .56 .10 .10 .14 .10 .12 .16
DOUBLE PANE
   Ordinary Glass .90 .54 .61 .67 .14 .12 .20 .14 .18 .22
   Regular Plate .80 .52 .59 .65 .12 .11 .18 .12 .16 .20
   48 to 56% Absorbing outside; .52 .36 .39 .43 .10 .10 .11 .10 .10 .13
        Ordinary Glass inside.
   48 to 56% Absorbing outside; .50 .36 .39 .43 .10 .10 .11 .10 .10 .12
        Regular Plate inside.
TRIPLE PANE
   Ordinary Glass .83 .48 .56 .64 .12 .11 .18 .12 .16 .20
   Regular Plate .69 .47 .52 .57 .10 .10 .15 .10 .14 .17
PAINTED GLASS
   Light Color .28
   Medium Color .39
   Dark Color .50
STAINED GLASS‡‡‡‡‡‡‡‡
   Amber Color .70
   Dark Red .56
   Dark Blue .60
   Dark Green .32
   Greyed Green .46
   Light Opalescent .43
   Dark Opalescent .37

                 Footnotes for Table 16 appear on next page.

°

°
° °

.59

.85

164x.73
.85
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FIG. 17-REACTION ON SOLAR HEAT (R), ¼ -INCH
PLATE GLASS, WHITE VENETIAN BLING, ¼ -INCH

PLATE GLASS, 30  ANGLE OF INCIDENCE

APPROXIMATION OF FACTORS FOR
COMBINATIONS NOT FOUND IN TABLE 16
     Occasionally combinations of shading devices and
types of glass may be encountered that are not
covered in Table 16.  These factors can be
approximated (1) by using the solar heat gain flow
diagrams in Fig. 15 and 16, (2) by applying the
absorptivity, reflectivity and transmissibility of glass and
shades listed in the table on page 51, or determined
from manufacturer, and (3) by distributing heat
absorbed within the dead air space and glass panes
(Fig. 17).

Example 5-Approximation of Over-all Factor
Given:
     A combination as in Fig. 16 backed on the inside with another
pane of 41 -inch regular plate glass.

Find:
     The over-all factor.
Solution:

Figure 17 shows the distribution of solar heat.  The heat
absorbed between the glass panes (dead air space) is
divided 45% and 55% respectively between the in and out
flow.  The heat absorbed within the glass panes is divided
20% in and 80% out for the outer pane, and 75% in and 25%
out for the inner pane.  These divisions are based on
reasoning partially stated in the notes under Fig. 13, which
assume the outdoor film coefficient of 2.8 Btu/ (hr)(sq ft) (deg
F), the indoor film coefficient of 1.8 Btu/(hr)(sq ft) (deg F), and
the over-all thermal conductance of the air space of 1.37 Btu/
(hr)(sq ft)(deg F)

Heat gain to space (Fig. 17)
     = (.75× .15×.12×.77R) + (.77×.12×.77R)
        + .45 [(.37×.77R) + (.08×.51×.77R)
            + (.08×.12×.77R)]
        + .20 [(.15R) + (.15×.51×.77R)]
     = .2684R or .27R
Solar heat gain factor as compared to ordinary glass
     = .27R/ .88F  = .31

Equations:  Solar Gain Without Shades = (Solar Data from Table 15) × (Glass Factor from table)
                   Solar Gain With Shades = (Solar Data from Table 15) × (Over-all Factor from table)
                   Solar Gain With Shades Partially Drawn = (Solar Data from Table 15) ×
                                                                                                        [(Fraction Drawn × Over-all Factor) + (1 – Fraction Drawn) × (Glass Factor)]
Footnotes for Table 16:
*Shading devices fully drawn except roller shades.  For fully drawn roller
shades, multiply light colors by .73, medium colors by .95, and dark colors by
1.08.
†Factors for solar altitude angles of 40  or greater.  At solar altitudes below
40, some direct solar rays pass thru the slats.  Use following multipliers:-
               MULTIPLIERS FOR SOLAR ALTITUDES BELOW 40

Approximate Sun Time, July 23 Solar Multiplier
Altitude

30  Lat. 40  Lat. 50  Lat. Angle Med. Dark
(deg) Color Color

6:00 a.m. 5:45 a.m. 5:30 a.m. 10 2.09 3.46
6:00 p.m. 6:15 p.m. 6:30 p.m.
6:45 a.m. 6:40 a.m. 6:30 a.m. 20 1.59 2.66
5:15 p.m. 5:20 p.m. 5:30 p.m.
7:30 a.m. 7:30 a.m. 7:30 a.m. 30 1.09 1.67
4:30 p.m. 4:30 p.m. 4:30 p.m.
‡With outside canvas awnings tight against building on sides and top,
multiply over-all factor by 1.4.
Commercial shade bronze.  Metal slats 0.05 inches 0.05 inches wide,
17 per inch.

**Commercial shade, aluminum.  Metal slats 0.057 inches wide,
  17.5 per inch.
††Most heat absorbing glass used in comfort air conditioning is
in the 40% to 56% range; industrial applications normally use 56% to 70%.  The
following table presents the absorption qualities of the most common glass
types:-

SOLAR RADIATION ABSORBED BY HEAT ABSORBING GLASS
Trade Thick- Solar

Name or Manufacturer ness Color Radiation
Descrip- (in.) Absorbed

tion (%)
Aklo Blue Ridge Glass Corp. 1/8   Pale Blue-Green 56.6
Aklo Blue Ridge Glass Corp.    1/4   Pale Blue-Green 69.7
Coolite Mississippi Glass Co. 1/8   Light Blue 58.4
Coolite Mississippi Glass Co. 1/4   Light Blue 70.4
L.O.F. Libbey-Owens-Ford 1/4   Pale Blue-Green 48.2
Solex R Pittsburgh Plate Glass

   Co. 1/4   Pale Green 50.9
‡‡ With multicolor windows, use the predominant color.

°

°
°

°

°° °
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GLASS BLOCK
    Glass block differs from sheet glass in that there is
an appreciable absorption of solar heat and a fairly
long time lag before the heat reaches the inside (about
3 hours).  This is primarily caused by the thermal
storage capacity of the glass block itself.  The high
absorption of heat increases the inside surface
temperature of the sunlit glass block which may require
lower room temperatures to maintain comfort conditions
as explained in Chapter 2.
     Shading devices on the outdoor side of glass block
are almost as effective as with any other kind of glass
since they keep the heat away from the glass.  Shading
devices on the inside are not effective in reducing the
heat gain because most of the heat reflected is
absorbed in the glass block.
Basis of Table 17
- Solar Heat Gain Factors for Glass block,
  With and Without Shading Devices
      The factors in Table 17 are the average of tests
conducted by the ASHAE on several types of glass
block.

      Since glass block windows have no sash, the
factors in Table 17 have been increased to include the
1/.85 multiplier in Table 15.
Use of Table 17
- Solar Heat Gain Factors for Glass Block,
  With and Without Shading Devices
     The factors in Table 17 are used to determine the
solar heat gain thru all types of glass block.
     The transmission of heat caused by a difference
between the inside and outdoor temperatures must also
be figured, using the appropriate “U” value, Chapter 5.

Example 6-Peak Solar Heat Gain, Glass Block
Given:
     West exposure, 40° North latitude
     Glass block window
Find:
     Peak solar heat gain
Solution:
     By inspection of Table 15, the peak solar heat gain occurs
     on July 23.
     Solar heat gain
         At 4:00 p.m. = (.39×164) + (.21×  43) = 73
         At 5:00 p.m. = (.39×161) + (.21×  98) = 84
         At 6:00 p.m. = (.39×118) + (.21×144) = 76
     Peak solar heat gain occurs at 5:00 p.m. on July 23.

TABLE 17-SOLAR HEAT GAIN FACTORS FOR GLASS BLOCK
WITH AND WITHOUT SHADING DEVICES*

Apply Factors to Table 15
EXPOSURE MULTIPLYING FACTORS FOR GLASS BLOCK
IN NORTH Instantaneous Absorption EXPOSURE
LATITUDES Transmission Transmission IN SOUTH

Factor Factor Time Lag LATITUDES
(Bi) (Ba) Hours

Northeast .27 .24 3.0 Southeast
East .39 .21 3.0 East
Southeast .35 .22 3.0 Northeast
South North
              Summer† .27 .24 3.0                 Summer†
                 Winter† .39 .22 3.0                    Winter†
Southwest .35 .22 3.0 Northwest
West .39 .21 3.0 West
Northwest .27 .24 3.0 Southwest

*Factors include correction for no sash with glass block windows.

Equations:
   Solar heat gain without shading devices
      = (Bi×li) + (Ba×la)
   Solar heat gain with outdoor shading devices
      = (Bi×lI+ Ba×la×.25
    Solar heat gain with inside shading devices
      = (Bi×lI+ Ba×la)×.90

†Use the summer factors for all latitudes, North or South.  Use the winter
factor for intermediate seasons, 30  to 50 North or South latitude.
Where:
  Bi  = Instantaneous transmission factor from Table 17.
  Ba = Absorption transmission factor from Table 17.
  li   = Solar heat gain value from Table 15 for the desired time
          and wall facing.
  la  =  Solar heat gain value from Table 15 for 3 hours earlier than
           li and same wall facing.

° °
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SHADING FROM REVEALS, OVERHANGS,
FINS AND ADJACENT BUILDINGS
     All windows are shaded to a greater or lesser
degree by the projections close to it and by buildings
around it.  This shading reduces the solar heat gain
through these windows by keeping the direct rays of
the sun off part of all of the window.  The shaded
portion has only the diffuse component striking it.
Shading of windows is significant in monumental type
buildings where the reveal may be large, even at the
time of peak solar heat gain.  Chart 1, this chapter,  is
presented to simplify the determination of the shading
of windows by these projections.
Basis of Chart 1
- Shading from Reveals, Overhangs, Fins and Adjacent
  Buildings
      The location of the sun is defined by the solar
azimuth angle and the solar altitude angle as shown in
Fig. 18.  The solar azimuth angle is the angle in a
horizontal plane between North and the vertical plane
passing through the sun and the point on earth.  The
solar altitude angle is the angle in a vertical plane
between the sun and a horizontal plane through a point
on earth.  The location of the sun with respect to the
particular wall facing is defined by the wall solar
azimuth angle and the solar altitude angle.  The wall
solar azimuth angle is the angle in the horizontal plane
between the perpendicular to the wall and the vertical
plane passing through the sun and the point on earth.
     The shading of a window by a vertical projection
alongside the window (see Fig. 19) is the tangent of the
wall solar azimuth angle (B), times depth of the
projection.  The shading of a window by a horizontal
projection above the window is the tangent of angle (X),
a resultant of the combined effects of the altitude angle
(A) and the wall solar azimuth angle (B), times the
depth of the projection.
   Tan X =
     The upper part of Chart 1 determines the tangent of
the wall solar azimuth angle and the bottom part
determines tan X.
Use of Chart 1
- Shading from Reveals, Overhangs, Fins and adjacent
  Buildings
     The procedure to determine the top and side
shading from Chart 1 is.

1. Determine the solar azimuth and altitude angles
from Table 18.

FIG. 18-SOLAR ANGLES

FIG. 19-SHADING BY WALL PROJECTIONS

2. Locate the solar azimuth angle on the scale in
upper part of Chart 1.

3. Proceed horizontally to the exposure desired.
4. Drop vertically to “Shading from Side” scale.
5. Multiply the depth of the projection (plan view)

by the “Shading from Side.”
6. Locate the solar altitude angle on the scale in

lower part of Chart 1.
7. Move horizontally until the “Shading from Side”

value (45 deg. lines) determined in Step 4 is
intersected.

8. Drop vertically to “Shading from Top” from
intersection.

9. Multiply the depth of the projection (elevation
view) by the “Shading from Top.”

   Tan A, solar altitude angle
Cos B,wall solar azimuth angle
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FIG. 20-SHADING OF BUILDING BY ADJACENT
BUILDING

Example 7 – Shading of Building by Adjacent Building
Given:
     Buildings located as shown in Fig. 20.
Find:
     Shading at 4 p.m., July 23, of building to be air conditioned.
Solution:

It is recommended that the building plans and elevations be
sketched to scale with approximate location of the sun, to
enable the engineer to visualize the shading conditions.

     From Table 18, solar azimuth angle = 267°
                          solar altitude angle  = 35°
     From Chart 1, shading from side = .1 ft/ft
                            shading from top  = .7 ft/ft

FIG. 21-SHADING OF REVEAL AND OVERHANG

     Length of building in shade, L
           = 85-15-(.1×75)  = 62.5 ft
     Height of building in shade, H = 100-(75×.7) = 47.5 ft
    The air conditioned building is shaded to a height of 47.5 it 

and 62.5 ft along the face at 4:00 p.m. on July 23.

Example 8-Shading of Window by Reveals
Given:
    A steel casement window on the west side with an 8-inch 

reveal.
Find:
    Shading by the reveal at 2 p.m. on July 23, 40°  North 

Latitude.
Solution:
     From Table 18, solar azimuth-angle = 242°
                              solar altitude angle   =   57°
     From Chart  1, shading from side reveal = .6×8   =   4.8 in.
                             shading from top reveal   = 1.8×8 = 14.4 in.

Example 9 – Shading of Window by Overhang and Reveal
Given:

The same window as in Example 8 with a 2 ft overhang 6
inches above the window.

Find:
Shading by reveal and overhang a 2 p.m. on July 23, 40°
North Latitude.

Solution:
     Refer to Fig. 21.
     Shading from side reveal (same as Example 8) = 4.8 in.
     Shading from overhang = 1.8× (24+8) = 57.6 in.
     Since the overhang is 6 inches above the window, the portion
     of window shaded = 57.6 – 6.0 = 51.6 in.
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CHAPTER 5. HEAT AND WATER VAPOR FLOW
THRU STRUCTURES

This chapter presents the methods and data for
determining the sensible and latent heat gain or loss
thru the outdoor structures of a building or thru a
structure surrounding a space within the building.  It
also presents data for determining and preventing
water vapor condensation on the enclosure surfaces of
within the structure materials.

Heat flows from one point to another whenever a
temperature difference exists between the two points;
the direction of flow is always towards the lower
temperature.  Water vapor also flows form one point to
another whenever a difference in vapor pressure exists
between the two points; the direction of flow is towards
the point of low vapor pressure.  The rate at which the
heat or water vapor will flow varies with the resistance
to flow between the two points in the material.  If the
temperature and vapor pressure of the water vapor
correspond to saturation conditions at any point,
condensation occurs.
HEAT FLOW THRU BUILDING STRUCTURES
      Heat gain thru the exterior construction (walls and
roof) is normally calculated at the time of greatest heat
flow.  It is caused by solar heat being absorbed at the
exterior surface and by the temperature difference
between the outdoor and indoor air.  Both heat sources
are highly variable thruout any one day and, therefore,
result in unsteady state heat flow thru the exterior
construction.   This unsteady state flow is difficult to
evaluate for each individual situation; however, it can
be handled best by means of an equivalent
temperature difference across the structure.
     The equivalent temperature difference is that
temperature difference which results in the total heat
flow thru the structure as caused by the variable solar
radiation and outdoor temperature.  The equivalent
temperature difference across the structure must take
into account the different types of construction and
exposures, time of day, location of the building
(latitude), and design conditions.  The heat flow thru the
structure may then be calculated, using the steady
state heat flow equation with the equivalent temperature
difference.

q = UA∆tewhere  q = heat flow, Btu/hr
            U = transmission coefficient,
                   Btu/(hr)(sq ft) (deg F temp diff)
            A = area of surface, sq ft
          ∆te = equiv temp diff F
     Heat loss thru the exterior construction (walls and
roof) is normally calculated at the time of greatest heat
flow.  This occurs early in the morning after a few hours
of very low outdoor temperatures.  This approaches
steady state heat flow conditions, and for all practical
purposes may be assumed as such.
     Heat flow thru the interior construction (floors,
ceilings and partitions) is caused by a difference in
temperature of the air on both sides of the structure.
This temperature difference is essentially constant thru
out the day and, therefore, the heat flow can be
determined from the steady state heat flow equation,
using the actual temperatures on either side.
EQUIVALENT TEMPERATURE DIFFERENCE-
SUNLIT AND SHADED WALLS AND ROOFS
     The process of transferring heat thru a wall under
indicated unsteady state conditions may be visualized
by picturing a 12-inch brick wall sliced into 12 one-inch
sections.  Assume that temperatures in each slice are
all equal at the beginning, and that the indoor and
outdoor temperatures remain constant.
     When the sun shines on this wall, most of the solar
heat is absorbed in the first slice, Fig. 22.  This raises
the temperature of the first slice above that of the
outdoor air and the second slice, causing heat to flow
to the outdoor air and also to the second slice, Fig. 23.
The amount of heat flowing in either direction depends
on the resistance to heat flow within the wall and thru
the outdoor air film.  The heat flow into the second slice,
in turn, raises its temperature, causing heat to flow into
the third slice,  Fig. 24.  This process of absorbing heat
and passing some on to the next slice continues thru
the wall to the last or 12th slice where the remaining
heat is transferred to the inside by convection and
radiation.  For this particular wall, it takes approximately
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FIG. 22-SOLAR HEAT ABSORBED IN FIRST SLICE

FIG. 23-BEHAVIOR OR ABSORBED SOLAR HEAT
DURING SECOND TIME INTERVAL

FIG. 24-BEHAVIOR OF ABSORBED SOLAR HEAT
DURING THIRD TIME INTERVAL

7 hours for solar heat to pass thru the wall into the
room. Because each slice must absorb some heat
before passing it on, the magnitude of heat released to
inside space would be reduced to about 10% of that
absorbed in the slice exposed to the sun.
     These diagrams do not account for possible
changes in solar intensity or outdoor temperature.

FIG. 25-BEHAVIOR OF ABSORBED SOLAR HEAT DURING
SECOND TIME INTERVAL PLUS ADDITIONAL SOLAR

HEAT ABSORBED DURING THIS INTERVAL

FIG. 26-BEHAVIOR OF ABSORBED SOLAR HEAT DURING
THIRD TIME INTERVAL PLUS ADDITIONAL SOLAR

HEAT ABSORBED DURING THIS INTERVAL

     The solar heat absorbed at each time interval by
the outdoor surface of the wall throughout the day goes
thru this same process.  Figs. 25 and 26 show the total
solar heat flow during the second and third time
intervals.
     A rise in outdoor temperature reduces the amount
of absorbed heat going to the outdoors and more flows
thru the wall.
     This same process occurs with any type of wall
construction to a greater or lesser degree, depending
on the resistance to heat flow thru the wall and the
thermal capacity of the wall.
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NOTE:  The thermal capacity of a wall or roof is the
             density of the material in the wall or roof, times
              the specific heat of the material, times the
              volume.
    This progression of heat gain to the interior may
occur over the full 24-hour period, and may result in a
heat gain to the space during the night.  If the
equipment is operated less than 24 hours, i.e. either
skipping the peak load requirement or as a routine
procedure, the peak load requirement or as a routine
procedure, the nighttime radiation to the sky and the
lowering of the outdoor temperature may decrease the
transmission gain and often may reverse it.  Therefore,
the heat gain estimate (sun and transmission thru the
roof and outdoor walls), even with equipment operating
less than 24 hours, may be evaluated by the use of the
equivalent temperature data presented in Tables 19
and 20.
Basis of Tables 19 and 20
- Equivalent Temperature Difference for Sunlit and
  Shaded Walls and Roofs

Table 19 and 20 are analogue computer
calculations using Schmidt’s method based on the
following conditions:

1. Solar heat in July at 40° North latitude.
2. Outdoor daily range of dry-bulb temperatures,

20 deg F.
3. Maximum outdoor temperature of 95 F db and

a design indoor temperature of  80 F db, i.e. a
design difference of 15 deg F.

4. Dark color walls and roofs with absorptivity of
0.90.  For light color, absorptivity is 0.50; for
medium color, 0.70.

5. Sun time.
     The specific heat of most construction materials is
approximately 0.20 Btu/(lb)(deg F); the thermal
capacity of typical walls or roofs is proportional to the
weight per sq ft; this permits easy interpolation.
Use of Tables 19 and 20
- Equivalent Temperature Difference for Sunlit and
  Shaded Wall and Roofs
      The equivalent temperature differences in Tables
19 and 20 are multiplied by the transmission
coefficients listed in Tables 21 thru 33 to determine the
heat gain thru walls and roofs per sq ft of area during
the summer.  The total weight per sq ft of walls and
roofs is obtained by adding the weights per sq ft of
each component of a given structure.  These weights
and shown in italics and parentheses in Tables 21 thru
33.

Example 1 – Equivalent Temperature Difference, Roof
Given:

A flat roof exposed to the sun, with built-up roofing,1 21 in. insulation,3 in.
wood deck and suspended acoustical tile ceiling.

     Room design temperature = 80 F db
     Outdoor design temperature = 95 F db
     Daily range = 20 deg F
Find:
     Equivalent temperature difference at 4 p.m.  July.
Solution:
     Wt/sq ft = 8 + 2 + 2 = 12 lb/sq ft (Table 27, page 71)
     Equivalent temperature difference
         = 43 deg F (Table 20, interpolated)

Example 2 – Daily Range and Design Temperature Difference
                    Correction
At times the daily range may be more or less than 20 deg F; the difference
between outdoor and room design temperatures may be more or less than 15
deg F.  The corrections to be applied to the equivalent temperature difference
for combinations of these two variables are listed in the notes following Tables
19 and 20.
Given:
     The same roof as in Example 1
     Room design temperature = 78 F db
     Outdoor design temperature = 95 F db
     Daily range = 26 deg F
Find:
     Equivalent temperature difference under changed conditions
Solution:
     Design temperature difference = 17 deg F
     Daily range = 26 deg F
     Correction to equivalent temperature difference
         = -1 deg F (Table 20A, interpolated)
     Equivalent temperature difference = 43 – 1 = 42 deg F

Example 3 – Other Months and Latitudes
Occasionally the heat gain thru a wall or roof must be known for months and
latitudes other than those listed in Note 3 following Table 20.  This equivalent
temperature difference is determined from the equation in Note 3.  This
equation adjusts the equivalent temperature difference for solar radiation only.
Additional correction may have to be made for differences between outdoor
and indoor design temperatures other than 15 deg F.  Refer to Tables 19 and
20, pages 62 and 63, and to the correction Table 20A.  Corrections for these
differences must be made first; then the corrected equivalent temperature
differences for both sun and shade must be applied in corrections for latitude.
Given:

12 in.  common brick wall facing west, with no interior finish, located in
New Orleans, 30° North latitude.

Find:
     Equivalent temperature difference in November at 12 noon.
Find:
     Equivalent temperature difference in November at 12 noon.
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Solution:
     The correction for design temperature difference is as follows:

Example 3, contd
     Summer design dry-bulb for New Orleans
         = 95 F db (Table 1, page 11)
     Winter design dry-bulb for New Orleans
         = 20 F db (Table 1 page 11)
     Yearly range = 75 deg F
     Correction in outdoor design temperature for November and a
     yearly range of 75 deg F
         = -15 F (Table 3, page 19)
     Outdoor design dry-bulb temperature in November at 3 p.m.

         = 95 – 15 = 80 F
With and 80 F db room design, the outdoor to indoor difference is 80 – 80 = 0
deg F
Average daily range in New Orleans
         = 13 deg F (Table 1, page 11)
The design difference of 0 deg F and a 13 deg F daily range results in a –11.5
deg F addition to the equivalent temperature difference, by interpolation in
Table 20A.
Equivalent temperature differences for 12 in. brick wall in New Orleans at 12
noon in November:
∆tem for west wall in sun
         = 7 (Table 19)-11.5 = -4.5 deg F

TABLE 19-EQUIVALENT TEMPERATURE DIFFERENCE (DEG F)
FOR DARK COLORED† , SUNLIT AND SHADED WALLS*

Based on Dark Colored Walls; 95 F db Outdoor Design Temp; Constant 80F db Room Temp;
20 deg F Daily Range; 24-hour Operation; July and 40 N. Lat.†
WEIGHTS SUN TIME

EXPOSURE OF WALL‡ AM PM AM
(lb/sq ft) 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5

20    5 15 22 23 24 19 14 13 12 13 14 14 14 12 10 8 6 4 2 0 - 2 - 3 - 4 - 2
Northeast 60 - 1 - 2 - 2   5 24 22 20 15 10 11 12 13 14 13 12 11 10 8 6 4   2   1   0 - 1

100    4   3   4   4   4 10 16 15 14 12 10 11 12 12 12 11 10 9 8 7   6   6   5   5
140    5   5   6   6   6 6 6 10 14 16 14 12 10 10 10 10 10 10 10 9   9   8   7   7
20    1 17 30 33 36 35 32 20 12 13 14 14 14 12 10 8 6 4 2 0 - 1 - 2 - 3 - 3

East 60 - 1 - 1   0 21 30 31 31 19 14 13 12 13 14 13 12 11 10 8 5 4   3   1   1   0
100    5   5   6   8 14 20 24 25 24 20 18 16 14 14 14 13 12 11 10 9   8   7   7   6
140 11 10 10   9   8 9 10 15 18 19 18 17 16 14 12 13 14 14 14 13 13 12 12 12
20 10   6 13 19 26 27 28 26 24 19 16 15 14 12 10 8 6 4 2 0 - 1 - 1 - 2 -2

Southeast 60    1   1   0 13 20 24 28 26 25 21 18 15 14 13 12 11 10 8 6 5   4   3   3   2
100    7   7   6   6   6 11 16 17 18 19 18 16 14 13 12 11 10 10 10 9   9   8   8   7
140    9   8   8   8   8 7 6 11 14 15 16 18 16 15 14 13 12 12 12 11 11 10 10   9
20 - 1 - 2 - 4   1   4 14 22 27 30 28 26 20 16 12 10 7 6 3 2 1   1   0   0 - 1

South 60 - 1 - 3 - 4 - 3 - 2 7 12 20 24 25 26 23 20 15 12 10 8 6 4 2   1   1   0 - 1
100    4   4   2   2   2 3 4 8 12 15 16 18 18 15 14 11 10 9 8 8   7   6   6   5
 140    7   6   6   5   4 4 4 4 4 7 10 13 14 15 16 16 14 12 10 10   9   9   8   7
20 - 2 - 4 - 4 - 2   0 4 6 19 26 34 40 41 42 30 24 12 6 4 2 1   1   0 - 1 - 1

Southwest 60    2   1   0    0   0 1 2 8 12 24 32 35 36 35 34 20 10 7 6 5   4   4   3   3
100    7   5   6   5   4 5 6 7 8 12 14 19 22 23 24 23 22 15 10 10   9   9   8   7
 140    8   8   8   8   8 7 6 6 6 7 8 9 10 15 18 19 20 13 8 8   8   8   8   8
20 - 2 - 3 - 4 - 2   0 3 6 14 20 32 40 45 48 34 22 14 8 5 2 1   0   0 - 1 - 1

West 60    2   1   0    0   0 2 4 7 10 19 26 34 40 41 36 28 16 10 6 5   4   3   3   2
100    7   7   6   6   6 6 6 7 8 10 12 17 20 25 28 27 26 19 14 12 11 10   9   8
140 12 11 10   9   8 8 8 9 10 10 10 11 12 14 16 21 22 23 22 20 18 16 15 13
20 - 3 - 4 - 4 - 2   0 3 6 10 12 19 24 33 40 37 34 18 6 4 2 0 - 1 - 1 - 2 - 2

Northwest 60 - 2 - 3 - 4 - 3 - 2 0 2 6 8 10 12 21 30 31 32 21 12 8 6 4   3   1   0 - 1
100    5   4   4   4   4 4 4 4 4 5 6 9 12 17 20 21 22 14 8 7   7   6   6   5
140    8   7   6   6   6 6 6 6 6 6 6 7 8 9 10 14 18 19 20 16   7 11 10   9
20 - 3 - 3 - 4 - 3 - 2 1 4 8 10 12 14 13 12 10 8 6 4 2 0 0 13 - 1 - 2 - 2

North 60 - 3 - 3 - 4 -3 -2 -1 0 3 6 8 10 11 12 12 12 10 8 6 4 2 - 1   0 - 1 - 2
(Shade) 100    1   1   0 0 0 0 0 1 2 3 4 5 5 5 8 7 6 5 4 3   1   2   2   1

140    1   1   0 0 0 0 0 0 0 1 2 3 4 5 6 7 8 7 6 4 3   2   2   1
   6   7   8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2   3   4   5

AM PM AM
SUN TIME

Equation:  Heat Gain Thru Walls, Btu/hr = (Area, sq ft) × (equivalent temp diff) × (transmission coefficient U, Tables 21 thru 25)
*All values are for the both insulated and uninsulated walls.
†For other conditions, refer to corrections on page 64.
‡“Weight per sq ft” values for common types of construction are listed in Tables 21 thru 25.
For wall constructions less than 20 lb/sq ft, use listed values of 20 lb/sq ft.

www.HVAC-ENG.com



Part 1. Load Estimating | Chapter 5. Heat And Water Vapor Flow Thru Structures

∆te8 for west wall in shade
    = 0 (Table 19) – 11.5 = -11.5 deg F
No correction is needed for the time of day; this is accounted for in
Table 19.

Wt/sq ft of wall = 120 lb/sq ft (Table 21)

    ∆tes   =  - 11.5 deg F as corrected (Table 19 and 20A)

    ∆tem   =  - 4.5 deg F as corrected (Table 19 and 20A)
The correction for different solar intensity is

     Rs      =  116 Btu/hr (Table 15, page 44)

     Rm     =  164 Btu/hr (Table 15, page 44)

    ∆te     =

               =  - 6.5 deg F ( Novemder , 12 Noon)

TABLE 20-EQUIVALENT TEMPERATURE DIFFERENCE (DEG F)
FOR DARK COLORED†, SUNLIT AND SHADED ROOFS*

Based on 95 F db Outdoor Design Temp; Constant 80 F db Room Temp; 20 deg F Daily Range;
24-hour Operation; July and 40 N. Lat.†

WEIGHTS SUN TIME
CONDI- OF ROOF‡ AM PM AM

TION (lb/sq ft) 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5
10 - 4 - 6 - 7 - 5 - 1   7 15 24 32 38 43 46 45 41 35 28 22 16 10   7   3   1 - 1 - 3

Exposed 20   0 - 1 - 2 - 1   2   9 16 23 30 36 41 43 43 40 35 30 25 20 15 12   8   6   4   2
to 40   4   3   2   3   6 10 16 23 28 33 38 40 41 39 35 32 28 24 20 17 13 11   9   6

Sun 60   9   8   6   7   8 11 16 22 27 31 35 38 39 38 36 34 31 28 25 22 18 16 13 11
80 13 12 11 11 12 13 16 22 26 28 32 35 37 37 35 34 34 32 30 27 23 20 18 14

Covered 20 - 5 - 2   0   2   4 10 16 19 22 20 18 16 14 12 10   6   2   1   1 - 1 - 2 - 3 - 4 - 5
with 40 - 3 - 2 - 1 - 1   0   5 10 13 15 15 16 15 15 14 12 10   7   5   3   1 - 1 - 2 - 3 - 3

Water 60 - 1 - 2 - 2 - 2 - 2   2   5   7 10 12 14 15 16 15 14 12 10   8   6   4   3   2   1   0
20 - 4 - 2   0   2   4   8 12 15 18 17 16 15 14 12 10   6   2   1   0 - 1 - 2 - 2 - 3 - 3

Sprayed 40 - 2 - 2 - 1 - 1   0   2   5   9 13 14 14 14 14 13 12   9   7   5   3   1   0   0 - 1 - 1
60 - 1 - 2 - 2 - 2 - 2   0   2   5   8 10 12 13 14 13 12 11 10   8   6   4   2   1   0 - 1
20 - 5 - 5 - 4 - 2   0   2   6   9 12 13 14 13 12 10 8   5   2   1   0 - 1 - 3 - 4 - 5 - 5

Shaded 40 - 5 - 5 - 4 - 3 - 2   0   2   5   8 10 12 13 12 11 10   8   6   4   2   0 - 1 - 3 - 4 - 5
 60 - 3 - 3 - 2 - 2 - 2 - 1   0   2   4   6   8   9 10 10 10   9   8   6   4   2   1   0 - 1 - 2

  6   7   8   9 10 11 12   1   2   3   4   5   6   7   8   9 10 11 12   1   2   3   4   5
AM PM AM

SUN TIME
Equation:  Heat Gain Thru Roofs, Btu/hr = (Area, sq ft) × (equivalent temp diff) × (transmission coefficient U, Tables 27 or 28)
*With attic ventilated and ceiling insulated roofs, reduce equivalent temp diff 25%
For peaked roofs, use the roof area projected on a horizontal plane.
†For other conditions, refer to corrections on page 64.
‡“Weight per sq ft” values for common types of construction are listed in Tables 27 or 28.

°

-11.5+         [-45-.5-(-11.5)]116
164

∆te = ∆tes +         (∆tem    ∆tes) =            ∆tem+ (1-         ) ∆tes
Rs
Rm

Rs
Rm

Rs
Rm
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TABLE 20A-CORRECTIONS TO EQUIVALENT TEMPERATURES (DEG F)

OUTDOOR
DESIGN

FOR MONTH
AT 3 P.M. DAILY RANGE (deg F)

MINUS
ROOM TEMP

(deg F) 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
-30 -39 -40 -41 -42 -43 -44 -45 -46 -47 -48 -49 -50 -51 -52 -53 -54 -55
-20 -29 -30 -31 -32 -33 -34 -35 -36 -37 -38 -39 -40 -41 -42 -43 -44 -45
-10 -19 -20 -21 -22 -23 -24 -25 -26 -27 -28 -29 -30 -31 -32 -33 -34 -35
   0 -  9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -20 -21 -22 -23 -24 -25
   5 -  4 -  5 -  6 -  7 -  8 -  9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -20
10    1    0 -  1 -  2 -  3 -  4 -  5 -  6 -  7 -  8 -  9 -10 -11 -12 -13 -14 -15
15    6    5    4    3    2    1    0 -  1 -  2 -  3 -  4 -  5 -  6 -  7 -  8 -  9 -10
20 11 10    9    8    7    6    5    4    3    2    1    0 -  1 -  2 -  3 -  4 -  5
25 16 15 14 13 12 11 10    9    8    7    6    5    4    3    2    1    0
30 21 20 19 18 17 16 15 14 13 12 11 10    9    8    7    6    5
35 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10
40 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15

Corrections to Equivalent Temperature Differences in Tables 19 &
20 for Conditions Other Than Basis of Table
1. Outdoor Design Temperature Minus Room Temperature Greater

or Less Than 15 deg F db, and/or Daily Range Greater or Less
Than 20 deg F db:
Add the corrections listed in Table 20A, where the outdoor
design temperature (Table 1, page 10) minus the room or indoor
design temperature (table 4, page 20) is different from 15 deg F
db, or the daily range is different from the 20 deg F db on which
Table 19 and 20 are based.
This correction is to be applied to both equivalent temperature
difference values, exposed to sun and shaded walls or roof.

2. Shaded walls
For shaded walls on any exposure, use the values of equivalent
temperature difference listed for north (shade), corrected if
necessary as shown in Correction  1.

3. Latitudes other than 40° North and for other months with different
solar intensities.  Tables 19 and 20 values are approximately
correct for the east or west wall in any latitude during the hottest
weather.  In lower latitudes when the maximum solar altitude is
80° to 90° (the maximum occurs at noon), the temperature
difference for either south or north wall is approximately the same
as a north or shade wall.  See Table 18 for solar altitude
angles.The temperature differential ∆te for any wall facing or roof
and for any latitude for any month is approximated as follows:

where
∆te = equivalent temperature difference for month and time of

day desired.

∆te8  = equivalent temperature difference for same wall or roof in
shade at desired time of day, corrected if necessary for
design conditions.

∆tem  = equivalent temperature difference for wall or foof
exposed to the sun for desired time of day, corrected if
necessary for design conditions.

R8 = maximum solar heat gain in Btu/(hr) (sq ft) thru glass for
wall facing or horizontal for roofs, for month and latitude
desired, Table 15, page 44, or Table 6, page 29.

Rm  = maximum solar heat gain in Btu/(hr)(sq ft) thru glass for
wall facing or horizontal for roofs, for July at 40 North
latitude, Table 15, page 44, or Table 6, page 29.

Example 3 illustrates the procedure.
4. Light or medium color wall or roof

Light color wall or roof:

        Medium color wall or roof:

where:
∆te = equivalent temperature difference for month and time of

day desired.
∆te8 = equivalent temperature difference for same wall or roof in

shade at desired time of day, corrected if necessary for
design conditions.

∆tem = equivalent temperature difference for wall or foof
exposed to the sun for desired time of day, corrected if
necessary for design conditions.

∆te = ∆tes +         (∆tem    ∆tes) =            ∆tem+ (1-         ) ∆tes
Rs
Rm

Rs
Rm

Rs
Rm

∆te = ∆tes +         (∆tem -    ∆tes) = .55 ∆tem+ .45 ∆tes
.50
.90

∆te = ∆tes +         (∆tem -    ∆tes) = .78 ∆tem+ .22 ∆tes
.70
.90
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Note:  Light color = white, cream, etc.
           Medium color = light green, light blue, gray, etc.
           Dark color = dark blue, dark red, dark brown, etc.
5.  Other latitude, other month, light or medium color walls or roof.
     The combined formulae are:
     Light color walls or roof

Medium color walls or roof.

5. For South latitudes, use the following exposure values from
        Table 19:

South Latitude Use Exposure Value
 Northeast         Southeast
 East         East
 Southeast         Northeast
 South         North (shade)
 Southwest         Northwest
 West         West
 Northwest         Southwest
 North (shade)         South

TRANSMISSION COEFFICIENT U
     Transmission coefficient or U value is the rate at
which heat is transferred thru a building structure in Btu/
(hr)(sq ft)(deg F temp diff).  The rate times the
temperature difference is the heat flow thru the structure.
The reciprocal of the U value for any wall is the total
resistance of this wall to heat flow to the of heat.  The total
resistance of any wall to heat flow is the summation of the
resistance in each component of the structure and the
resistances of the outdoor and inside surface films.  The
transmission coefficients listed in Tables 21 thru 33 have
been calculated for the most common types of
construction.
Basis of Tables 21 thru 33
- Transmission Coefficients U for Walls, Roofs, Partitions,
  Ceilings, Floors, Doors, and Windows
     Table 21 thru 33 contain calculated U values based
on the resistance listed in Table 34, page 78.  The
resistance of the outdoor surface film coefficient for
summer and winter conditions and the inside surface film
is listed in Table 34.
Note: The difference between summer and winter

transmission coefficients for a typical wall is
negligible.  For example, with a transmission
coefficient of 0.3 Btu/(hr)(sq ft) (F) for winter

conditions, the coefficient for summer conditions
will be:

1.  Thermal resistance R (winter) of wall
         =       =        = 3.33
2. Outdoor film thermal resistance (winter)
        = 0.17 (Table 34)
3. Thermal resistance of wall without outdoor air film
    (winter = 3.33 – 0.17 = 3.16
4. Outdoor film thermal resistance (summer)
            = 0.25 (Table 34)
5. Thermal resistance of wall with outdoor air film
    (summer) = 3.16 + 0.25 = 3.41
6. Transmission coefficient U of wall in summer
           =        =       = 0.294
7. Difference between summer and winter transmission
    becomes greater with larger U values and less with
    smaller U values.
Use of Tables 21 thru 33
- Transmission Coefficients U for Walls, Roofs, Partitions,
  Ceilings, floors, Doors, and Windows
     The transmission coefficients may be used for
calculating the heat flow for both summer and winter
conditions for the average application.
Example 4 – Transmission Coefficients
Given:

Masonry partition made of 8 in. hollow clay tile, both sides
finished, metal lath plastered on furring with 43  in. sand
plaster.

Find:
     Transmission coefficient
Solution:
     Transmission coefficient U
          = 0.18 Btu/(hr)(sq ft)(deg F),  Table 26, page 70
Example 5 – Transmission Coefficient, Addition of Insulation
The transmission coefficients listed in Tables 21 thru 30 do not
include insulation (except for flat roofs, Table 27, page 71).
Frequently, fibrous insulation or reflective insulation is included in
the exterior building structure.  The transmission coefficient for the
typical constructions listed in Table 21 thru 30, with insulation, may
be determined from Table 31, page 75.
Given:

Masonry wall consisting of 4 in. face brick, 8 in. concrete cinder
block, metal lath plastered on furring with 4

3  in. sand plaster
and 3 in. of fibrous insulation in the stud space.
Find:

     Transmission coefficient.
Solution:

     Refer to Tables 22 and 31.
        U value for wall without insulation
         = 0.24 Btu/(hr)(sq ft)(deg F)
        U value for wall with insulation
         = 0.07 Btu/(hr)(sq ft)(deg F)

3.41
1

Rs
Rm

Rs
Rm

∆te = .55 +        ∆tem + (1- .55       ) ∆tes
Rs
Rm

∆te = .78 +        ∆tem + (1- .78         ) ∆tes
Rs
Rm

1
U

1
0.3

1
R
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TABLE 32-TRANSMISSION COEFFICIENT U-FLAT ROOFS WITH ROOF-DECK INSULATION
SUMMER AND WINTER

Btu/(hr) (sq ft) (deg F temp diff)
U VALUE OF ROOF Addition of Roof-Deck Insulation
BEFORE ADDING Thickness (in.)

ROOF DECK
INSULATION ½ 1 1½ 2 2½ 3

.60 .33 .22 .17 .14 .12 .10

.50 .29 .21 .16 .14 .12 .10

.40 .26 .19 .15 .13 .11 .09

.35 .24 .18 .14 .12 .10 .09

.30 .21 .16 .13 .12 .10 .09

.25 .19 .15 .12 .11 .09 .08

.20 .16 .13 .11 .10 .09 .08

.15 .12 .11 .09 .08 .08 .07

.10 .09 .08 .07 .07 .06 .05

TABLE 33-TRANSMISSION COEFFICIENT U-WINDOWS, SKYLIGHTS,
DOORS & GLASS BLOCK WALLS

Btu/(hr) (sq ft) (deg F temp diff)
GLASS

Vertical Glass Horizontal Glass
Single Double Triple Single Double (1/4”)

Air Space Thickness (in.) ¼ ½ ¾ -4 ¼ ½ ¾ -4 Summer Winter Summer Winter
Without Storm Windows 1.13 0.61 0.55 0.53 0.41 0.36 0.34 0.86 1.40 0.50 0.70
With Storm Windows 0.54 0.43 0.64

DOORS
Nominal Thickness U U
of Wood (inches) Exposed Door With Storm Door

1 0.69 0.35
    1¼ 0.59 0.32
    1½ 0.52 0.30
    1¾ 0.51 0.30

2 0.46 0.28
    2½ 0.38 0.25

3 0.33 0.23
Glass (3/4” Herculite) 1.05 0.43

HOLLOW GLASS BLOCK WALLS
Description* U

   5¾×5¾×37/8” Thick—Nominal Size 6×6×4 (14)   0.60
   7¾×7¾×37/8”  Thick--Nominal Size 8×8×4 (14)   0.56
   11¾×11¾×37/8” Thick—Nominal Size 12×12×4 (16) 0.52
   7¾×7¾×37/8”  Thick with glass fiber screen dividing the cavity (14) 0.48
   11¾×11¾×37/8” Thick with glass fiber screen dividing the cavity (16) 0.44

                              Equation:  Heat Gain or Loss, Btu/hr = (Area, sq ft) × (U value) × (outdoor temp – inside temp)
                              *Italicized numbers in parentheses indicate weight in lb per sq ft.
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CALCULATION OF TRANSMISSION
COEFFICIENT U
     For types of construction not listed in Tables 21 thru
33, calculate the U value as follows:

1. Determine the resistance of each component of a
given structure and also the inside and outdoor air
surface films from Table 34.

2. Add these resistances together,
R = r1+r2+r3+. . . . . rn3. Take the resistances,  U =

Basis of Table 34
- Thermal Resistance R, Building and Insulating Materials
     Table 34  was extracted from the 1958 ASHAE Guide
and the column “weight per sq ft” added.
Use of Table 34
- Thermal Resistance R, Building and Insulating Materials
     The thermal resistances for building materials are
listed in two columns.  One column lists the thermal
resistance per inch thickness, based on conductivity,
while the other column lists the thermal resistance for a
given thickness or construction, based on conductance.

Example 6 – Calculation of U Value
Given:
     A wall as per Fig. 27

FIG. 27-OUTDOOR WALL

Find:
     Transmission coefficient in summer.
Solution:
     Refer to Table 34.
                                                               Resistance
                        Construction                                     R
         1. Outdoor air surface (7 21  mph wind)        0.25
         2. Stone facing, 2 in.  (2 × .08)                      0.16
         3. Hollow clay tile, 8”                                      1.85
         4. Sand aggregate plaster, 2 in.  (2 × .20)    0.40
         5. Inside air surface (still air)                          0.68
                                                                         ___________
           Total Resistance                                 3.34

                                =  0.30 Btu/(hr)(sq ft) (deg F)

R

1

3.34

1

R

1
u ==
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TABLE 34-THERMAL RESISTANCES R-BUILDING AND INSULATING MATERIALS
(deg F per Bu)/(hr) (sq ft)

RESISTANCE R
THICK- DENSITY WEIGHT Per Inch For Listed
NESS (lb per (lb per Thickness Thickness

MATERIAL DESCRIPTION (in.) cu ft) sq ft) 1 1
 K  C

BUILDING MATERIALS
BUILDING  Asbestos-Cement Board 120 - 0.25 -
BOARD  Asbestos-Cement Board 1/8 120 1.25 - 0.03
  Boards,  Gypsum or Plaster Board 3/8 50 1.58 - 0.32
  Panels,  Gypsum or Plaster Board 1/2 50 2.08 - 0.45
  Sheathing,  Plywood 34 - 1.25 -
  etc  Plywood 1/4 34 0.71 - 0.31

 Plywood 3/8 34 1.06 - 0.47
 Plywood 1/2 34 1.42 - 0.63
 Plywood or Wood Panels 3/4 34 2.13 - 0.94
 Wood Fiber Board, Laminated or Homogeneous 26 - 2.38 -

31 - 2.00 -
 Wood Fiber, Hardboard Type 65 - 0.72 -
 Wood Fiber, Hardboard Type 1/4 65 1.35 - 0.18
 Wood, Fir or Pine Sheathing 25/32 32 2.08 - 0.98
 Wood, Fir or Pine 1 5/8 32 4.34 - 2.03

BUILDING  Vapor Permeable Felt - - - 0.06
PAPER  Vapor Seal, 2 layers of Mopped 15 lb felt - - - 0.12

 Vapor Seal, Plastic Film - - - Negl
WOODS  Maple, Oak, and Similar Hardwoods 45 - 0.91 -

 Fir, Pine, and Similar Softwoods 32 - 1.25 -
MASONRY  Brick, Common 4 120 40 - .80
UNITS  Brick, Face 4 130 43 - .44

 Clay Tile, Hollow:
     1 Cell Deep 3 60 15 - 0.80
     1 Cell Deep 4 48 16 - 1.11
     2 Cells Deep 6 50 25 - 1.52
     2 Cells Deep 8 45 30 - 1.85
     2 Cells Deep 10 42 35 - 2.22
     3 Cells Deep 12 40 40 - 2.50
 Concrete Blocks, Three Oval Core 3 76 19 - 0.40
    Sand & Gravel Aggregate 4 69 23 - 0.71

6 64 32 - 0.91
8 64 43 - 1.11

12 63 63 - 1.28
    Cinder Aggregate 3 68 17 - 0.86

4 60 20 - 1.11
6 54 27 - 1.50
8 56 37 - 1.72

12 53 53 - 1.89
    Lightweight Aggregate 3 60 15 - 1.27
    (Expanded Shale, Clay, Slate or 4 52 17 - 1.50
    Slag; Pumice) 8 48 32 - 2.00

12 43 43 - 2.27
 Gypsum Partition Tile:
      3”×12” ×30” solid 3 45 11 - 1.26
      3” ×12” ×30” 4-cell 3 35   9 - 1.35
      4” ×12” ×30” 3-cell 4 38 13 - 1.67
 Stone, Line or Sand 150 - 0.08 -
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TABLE 34-THERMAL RESISTANCES R-BUILDING AND INSULATING MATERIALS (Contd)
(deg F per Bu)/(hr) (sq ft)

RESISTANCE R
THICK- DENSITY WEIGHT Per Inch For Listed
NESS (lb per (lb per Thickness Thickness

MATERIAL DESCRIPTION (in.) cu ft) sq ft) 1 1
 K  C

BUILDING MATERIALS, (CONT.)
MASONRY  Cement Mortar 116 - 0.20 -
MATERIALS  Gypsum-Fiber Concrete 87½ % gypsum,
  Concretes     12½ % wood chips   51 - 0.60 -

 Lightweight Aggregates 120 - 0.19 -
     Including Expanded 100 - 0.28 -
     Shale, Clay or Slate   80 - 0.40 -
     Expanded Slag; Cinders   60 - 0.59 -
     Pumice; Perlite; Vermiculite   40 - 0.86 -
     Also, Cellular Concretes   30 - 1.11 -

  20 - 1.43 -
 Sand & Gravel or Stone Aggregate (Oven Dried) 140 - 0.11 -
 Sand & Gravel or Stone Aggregate (Not Dried) 140 - 0.08 -
 Stucco 116 - 0.20 -

PLASTERING  Cement Plaster, Sand Aggregate 116 - 0.20 -
MATERIALS     Sand Aggregate 1/2 116 4.8 - 0.10

    Sand Aggregate 3/4 116 7.2 - 0.15
 Gypsum Plasten:
    Lightweight Aggregate 1/2   45 1.88 - 0.32
    Lightweight Aggregate 5/8   45 2.34 - 0.39
    Lightweight Aggregate on Metal Lath 3/4   45 2.80 - 0.47
    Perlite Aggregate   45 - 0.67 -
    Sand Aggregate 105 - 0.18 -
    Sand Aggregate 1/2 105 4.4 - 0.09
    Sand Aggregate 5/8 105 5.5 - 0.11
    Sand Aggregate on Metal Lath 3/4 105 6.6 - 0.13
    Sand Aggregate on Wood Lath 105 - - 0.40
    Vermiculite Aggregate   45 - 0.59 -

ROOFING  Asbestos-Cement Shingles 120 - - 0.21
 Asphalt Roll Roofing   70 - - 0.15
 Asphalt Shingles   70 - - 0.44
 Built-up Roofing 3/8   70 2.2 - 0.33
 Slate 1/2 201 8.4 - 0.05
 Sheet Metal - - Negl -
 Wood Shingles   40 - - 0.94

SIDING  Shingles
MATERIALS      Wood, 16”, 7½ “ exposure - - - 0.87
   (On Flat      Wood, Double, 16”, 12” exposure - - - 1.19
     Surface)      Wood, Plus Insul Backer Board, 5/16” - - - 1.40

 Siding
     Asbestos-Cement, ¼” lapped - - - 0.21
     Asphalt Roll Siding - - - 0.15
     Asphalt Insul Siding, ½” Board - - - 1.45
     Wood, Drop, 1”×8” - - - 0.79
     Wood, Bevel, ½”×8”, lapped - - - 0.81
     Wood, Bevel, ¾×”10”, lapped - - - 1.05
     Wood, Plywood, 3/8”, lapped - - - 0.59
 Structural Glass - - - 0.10

FLOORING  Asphalt Tile 1/8 120 1.25 - 0.04
MATERIALS  Carpet and Fibrous Pad - - - 2.08

 Carpet and Rubber Pad 1 - - - 1.23
 Ceramic Tile - - - 0.08
 Cork Tile 1/8   25 - 2.22 -
 Cork Tile   25 0.26 - 0.28
 Felt, Flooring - - - 0.06
 Floor Tile 1/8 - - - 0.05
 Linoleum 1/8   80 0.83 - 0.08
 Plywood Subfloor 5/8   34 1.77 - 0.78
 Rubber or Plastic Tile 1/8 110 1.15 - 0.02
 Terrazzo 1 140     11.7 - 0.08
 Wood Subfloor 25/32   32 2.08 - 0.98
 Wood, Hardwood Finish 3/4   45 2.81 - 0.68
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TABLE 34-THERMAL RESISTANCES R-BUILDING AND INSULATING MATERIALS (Contd)
(deg F per Bu)/(hr) (sq ft)

RESISTANCE R
THICK- DENSITY WEIGHT Per Inch For Listed
NESS (lb per (lb per Thickness Thickness

MATERIAL DESCRIPTION (in.) cu ft) sq ft) 1 1
 K  C

INSULATING MATERIALS
BLANKET AND BATT*  Cotton Fiber 0.8 - 2.0 - 3.85 -

 Mineral Wool, Fibrous Form 1.5 – 4.0 - 3.70 -
     Processed From Rock, Slag, or Glass
 Wood Fiber 3.2 – 3.6 - 4.00 -
 Wood Fiber, Milti-layer Stitched Expanded 1.5 – 2.0 - 3.70 -

BOARD AND SLABS  Glass Fiber 9.5 - 4.00 -
 Wood or Cane Fiber
     Acoustical Tile 1/2 22.4     .93 - 1.19
     Acoustical Tile 3/4 22.4 1.4 - 1.78
     Interior Finish (Tile, Lath, Plank) 15.0 - 2.86 -
     Interior Finish (Tile, Lath, Plank) 1/2 15.0 0.62 - 1.43
 Roof Deck Slab
     Sheathing (Impreg or Coated) 20.0 - 2.63 -
     Sheathing (Impreg or Coated) 1/2 20.0 0.83 - 1.32
     Sheathing (Impreg or Coated) 25/32 20.0 1.31 - 2.06
 Cellular Glass 9.0 - 2.50 -
 Cork Board (Without Added Binder) 6.5 – 8.0 - 3.70 -
 Hog Hair (With Asphalt Binder) 8.5 - 3.00 -
 Plastic (Foamed) 1.62 - 3.45 -
 Wood Shredded (Cemented in Preformed Slabs)     22.0 - 1.82 -

LOOSE FILL  Macerated Paper or Pulp Products 2.5 – 3.5 - 3.57 -
 Wood Fiber: Redwood, Hemlock, or Fir 2.0 – 3.5 - 3.33 -
 Mineral Wool (Glass, Slag, or Rock) 2.0 – 5.0 - 3.33 -
 Sawdust or Shavings 8.0 – 15.0 - 2.22 -
 Vermiculite (Expanded) 7.0 - 2.08 -

ROOF INSULATION  All Types
 Preformed, for use above deck
     Approximately 1/2 15.6   .7 - 1.39
     Approximately 1 15.6 1.3 - 2.78
     Approximately 1 1/2 15.6 1.9 - 4.17
     Approximately 2 15.6 2.6 - 5.26
     Approximately 2 1/2 15.6 3.2 - 6.67
     Approximately 3 15.6 3.9 - 8.33

AIR
AIR SPACES  POSITION  HEAT FLOW

 Horizontal  Up (Winter) ¾ -4 - - - 0.85
 Horizontal  Up (Summer) ¾ -4 - - - 0.78
 Horizontal  Down (Winter) ¾ - - - 1.02
 Horizontal  Down (Winter) 1 ½ - - - 1.15
 Horizontal  Down (Winter) 4 - - - 1.23
 Horizontal  Down (Winter) 8 - - - 1.25
 Horizontal  Down (Summer) ¾ - - - 0.85
 Horizontal  Down (Summer) 1½ - - - 0.93
 Horizontal  Down (Summer) 4 - - - 0.99
 Sloping 45  Up (Winter) ¾ -4 - - - 0.90
 Sloping 45  Down (Summer) ¾ -4 - - - 0.89
 Vertical  Horiz. (Winter) ¾ -4 - - - 0.97
 Vertical  Horiz. (Summer) ¾ -4 - - - 0.86

AIR FILM  POSITION  HEAT FLOW
 Horizontal Up - - - 0.61
 Sloping 45 Up - - - 0.62

Still Air  Vertical Horizontal - - - 0.68
 Sloping 45 Down - - - 0.76
 Horizontal Down - - - 0.92

15 Mph Wind  Any Position (For Winter) Any Direction - - - 0.17
7½  Mph Wind  Any Position (For Summer) Any Direction - - - 0.25

*Includes paper backing and facing if and. In cases where the insulation froms a boundary (highjly refiective) of on air space, refer to Table 31, page 75

°
°

°

°
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HEAT LOSS THRU BASEMENT WALLS AND
FLOORS BELOW THE GROUND LEVEL
     The loss through the floor is normally small and
relatively constant year round because the ground
temperature under the floor varies only a little throughout
the year.  The ground is a very good heat sink and can
absorb or lose a large amount of heat without an
appreciable change in temperature at about the 8 ft level.
Above the 8 ft level, the ground temperature varies with
the outdoor temperature, with the greatest variation at the
surface and a decreasing variation down to the 8 ft depth.
The heat loss thru a basement wall may be appreciable
and it is difficult to calculate because the ground
temperature varies with depth.  Tables 35 thru 37 have
been empirically calculated to simplify the evaluation of
heat loss thru basement walls and floors.
     The heat loss thru a slab floor is large around the
perimeter and small in the center.  This is because the
ground temperature around the perimeter varies with the
outdoor temperature, whereas the ground temperature in
the middle remains relatively constant, as with basement
floors.
Basis of Tables 35 thru 37
- Heat Loss thru Masonry Floors and Walls in Ground
     Tables 35 thru 37 are based on empirical data.  The
perimeter factors listed in Table 36 were developed by
calculating the heat transmitted for each foot of wall to an
8 ft depth.  The ground was assumed to decrease the
transmission coefficient, thus adding resistance between
the wall and the outdoor air.  The transmission
coefficients were then added to arrive at the perimeter
factors.
Use of Tables 35 thru 37
- Heat Loss thru Masonry Floors and Walls in Ground
     The transmission coefficients listed in Table 35 may
be used for any thickness of uninsulated masonry floors
where there is good contact between the floor and the
ground.
     The perimeter factors listed in Table 36 are used for
estimating heat loss thru basement walls and the outside
strip of basement floors.  This factor can be used only
when the space is heated continuously.  If there is only
occasional heating, calculate the heat loss using the wall
or floor transmission coefficients as listed in Tables 21
thru 33 and the temperature difference between the
basement and outdoor air or ground as listed in Table 37.
     The heat loss in a basement is determined by adding
the heat transferred thru the floor, the walls and the
outside strip of the floor and the portion of the wall above
the ground level.

Example 7- Heat Loss in a Basement
Given:
     Basement-100’×40’×9’
     Basement temp-65 F db, heated continuously
     Outdoor temp-o F db
     Grade line-6 ft above basemen floor
     Walls and floors-12 in. concrete (80 lb/cu ft)
Find:
     Heat loss from basement
Solution:

1. Heat loss above ground
  H = UA1(tb - toa)
      = 0.18 × (200+80) × 3 ×  (65-0) = 9828 Btu/hr

2. Heat loss thru walls and outside strip of floor below ground.
 H = LpQ (tb - toa)
    = (200+80) × 1.05 × (65-0)  =  19,100 Btu/hr

3. Heat loss thru floor
 H = UA2 (tb - tg)

                = 0.05×(100×40) ×(65-55)   =   2000    Btu/hr
            =  30,928  Btu/hr

  Total Heat Loss
           where U = Heat transmission coefficient of wall above
                            ground (Table 21) and floor (Table 35) in Btu/(hr)
                            (sq ft) (deg F)

A1 = Area of wall above ground, sq ft
A2 = Entire floor area, sq ft
Lp = Perimeter of wall, ft
Q = Perimeter factor (Table 36)
tb = Basement dry-bulb temp, F
tg = Ground temp, F, (Table 37)

             toa = Outdoor design dry-bulb temp, F

TABLE 35-TRANSMISSION COEFFICIENT U-
MASONRY FLOORS AND WALLS IN GROUND

(Use only in conjunction with Table 36)
Transmission

Floor or Wall Coefficient U
Btu/(hr) (sq ft) (deg f)

*Basement Floor .05
Portion of Wall
exceeding 8 feet .08
below ground level

*Some additional floor loss is included in perimeter factor, see
Table 36.
Equations:
     Heat loss through floor, Btu/hr = (area of floor, sq ft)
          × (U value) × (basement-ground temp).
     Heat loss through wall below 8 foot line, Btu/hr
          = (area of wall below 8 ft line, sq ft) × (U value)
          × (basement-ground temp).

°
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NOTE:  The factors in Tables 35 and 36 may be used for any
thickness of uninsulated masonry wall or floor, but there must be a
good contact (no air space which may connect to the outdoors)
between the ground and the floor or wall.  Where the ground is dry
and sandy, or where there is cinder fill along wall or where the wall
has a low heat transmission coefficient, the perimeter factor may be
reduced slightly.

TABLE 36-PERIMETER FACTORS
FOR ESTIMATING HEAT LOSS THROUGH BASEMENT WALLS

AND OUTSIDE STRIP OF BASEMENT FLOOR
(Use only in conjunction with Table 35)

Distance of Floor Perimeter Factor
From Ground Level (q)

2 Feet above .90
At ground level .60
2 Feet below .75
4 Feet below .90
6 Feet below 1.05
8 Feet below 1.20

Equations:
     Heat loss about perimeter, Btu/hr = (perimeter of wall, ft)
            × (perimeter factor) × (basement-outdoor temp).

TABLE 37-GROUND TEMPERATURES
FOR ESTIMATING HEAT LOSS THROUGH BASEMENT FLOORS

Outdoor Design Temp (F) -30 -20 -10 0 +10 +20
Ground Temp (F) 40 45 50 55 60 65

TRANSMISSION COEFFICIENTS-
PIPES IN WATER OR BRINE
     Heat transmission coefficients for copper and steel
pipes are listed in Tables 38 and 39.  These coefficients
may be useful in applications such as cold water or brine
storage systems and ice skating rinks.
Basis of Tables 38 and 39
- Transmission coefficients, Pipes in Water or Brine
     Table 38 is for ice coated pipes in water, based on a
heat transfer film coefficient, inside the pipe, of 150 Btu/
(hr)(sq ft internal pipe surface)(deg F).
     Table 39 is for pipes in water or brine based on a heat
transfer of 18 Btu/(hr)(sq ft external pipe surface) (deg F)
in water, 14 Btu in brine.  It is also based on a low rate of
circulation on the outside of the pipe and 10 F to 15 F
temperature difference between water or brine and
refrigerant.  High rates of circulation will increase the heat
transfer rate.  For special problems, consult heat transfer
reference books.

TABLE 38- TRANSMISSION COEFFICIENT U-ICE COATED PIPES IN WATER
Btu/(hr) (lineal ft pipe) (deg F between 32 F db and refrig temp)

Copper
Pipe Copper Pipe With Steel Pipe Steel Pipe With
Size Ice Thickness (Inches) Size Ice Thickness (Inches)

(Inches Nominal
O.D.) 1/2 1 1 1/2 2 (Inches) 1/2 1 1 1/2 2 3
5/8 6.1 4.5 3.8 3.4 1/2   7.2 5.2 4.4 3.9 3.4
3/4 7.1 5.1 4.2 3.8 3/4   8.7 6.1 5.1 4.5 3.8
7/8 8.0 5.7 4.7 4.1 1 10.6 7.2 5.8 5.1 4.2

1 1/8 9.8 6.7 5.4 4.7 1 1/2 13.0 8.6 6.8 5.9 4.8

TABLE 39- TRANSMISSION COEFFICIENT U-PIPES IMMERSED IN WATER OR BRINE
Btu/(hr) (lineal ft pipe) (deg F between 32 F db and refrig temp)

Outside water film coefficient = 18 Btu/(hr) (sq ft) (deg F)
Outside brine film coefficient = 14 Btu/(hr) (sq ft) (deg F)

Water refrigerant temp = 10 F to 15 F
Copper Pipe Pipes Steel Pipe Pipes Pipes

Size in Nominal Size in in
(Inches O.D.) Water (Inches) Water Brine

1/2 2.4 1/2 4.0 3.1
5/8 2.9 3/4 5.0 3.9
3/4 3.5 1 6.2 4.8

1 1/8 5.3 1 1/4 7.8 6.1
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WATER VAPOR FLOW THRU BUILDING
STRUCTURES
     Water vapor flows thru building structures, resulting in
a latent load whenever a vapor pressure difference exists
across a structure.  The latent load from this source is
usually insignificant in comfort applications and need be
considered only in low or high dewpoint applications.
     Water vapor flows from high to lower vapor pressure at
a rate determined by the permeability of the structure.
This process is quite similar to heat flow, except that there
is transfer of mass with water vapor flow.  As heat flow
can be reduced by adding insulation, vapor flow can be
reduced by vapor barriers.  The vapor barrier may be
paint (aluminum or asphalt), aluminum foil or galvanized
iron.  It should always be placed on the side of a
structure having the higher vapor pressure, to prevent
the water vapor from flowing up to the barrier and
condensing within the wall.

Basis of Table 40
- Water Vapor Transmission thru Various Materials
     The values for walls, floors, ceilings and partitions
have been estimated from the source references listed in
the bibliography.  The resistance of a homogeneous
material to water vapor transmission has been assumed
to be directly proportional to the thickness, and it also has
been assumed that there is no surface resistance to water
vapor flow.  The values for permeability of miscellaneous
materials are based on test results.
NOTE: Some of the values for walls, roofs, etc., have

been increased by a safety factor because
conclusive data is not available.

Use of Table 40
- Water Vapor Transmission thru Various Materials
     Table 40 is used to determine latent heat gain from
water vapor transmission thru building structures in the
high and low dewpoint applications where the air
moisture content must be maintained.
Example 8 – Water Vapor Transmission
Given:
     A 40 ft × 40 ft × 8 ft laboratory on second floor requiring inside
design conditions of 40 F db, 50% rh, with the outdoor design
conditions at 95 F db, 75 F wb. The outdoor wall is 12 inch brick
with no windows.  The partitions are metal lath and plaster on both
sides of studs.  Floor and ceiling are 4 inch concrete.
Find:
     The latent heat gain from the water vapor transmission.
Solution:
     Gr/lb at 95 F db, 75 F wb = 99 (psych chart)
     Gr/lb at 40 F db, 50% rh  = 18 (psych chart)
     Moisture content difference = 81 gr/lb
     Assume that the dewpoint in the areas surrounding the
     laboratory is uniform and equal to the outdoor dewpoint.
     Latent heat gain:

            Outdoor wall =                              (Table 40.)
                                                                     = 10.4 Btu/hr

            Floor and ceilings =

                                                                     = 259 Btu/hr
            Partitions =
                                                                     = 777 Btu/hr
            Total Latent Heat Gain                     = 1046.4 Btu/hr

40x8
100 x 81 x .04

x 81 x .102x 40x40
100

40x83x 100 x81x1.0
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TABLE 40- WATER VAPOR TRANSMISSION THRU VARIOUS MATERIALS
PERMEANCE

Btu/(hr) (100 sq ft)
(gr/lb diff) latent heat

With
With 2 Coats Aluminum

DESCRIPTION OF MATERIAL OR CONSTRUCTION No Vapor Vapor-seal Foil Mounted
Seal Unless Paint on on One Side
Noted Under Smooth of Paper
Description Inside Cemented

Surface* to Wall†
WALLS

Brick --   4 inches          .12 .075 .024
         --   8 inches          .06 .046 .020
         -- 12 inches          .04 .033 .017
         -- per inch of thickness          .49 - - - -
Concrete  --   6 inches .067 .050 .021
                -- 12 inches .034 .029 .016
                -- per inch of thickness          .40 - - - -
Frame   -- with plaster interior finish          .79           .16 .029
             -- same with asphalt coated insulating board lath          .42           .14 .028
Tile—hollow clay (face, glazed)--4 inches .013 .012 .0091
     --hollow clay (common) )--4 inches          .24           .11          .025
     --hollow clay, 4 inch face and 4 inch common .012 .011 .0086

CEILINGS AND FLOORS
Concrete--4 inches          .10 .067 .023
              --8 inches .051 .040 .019
Plaster on wood or metal lath on joist—no flooring        2.0           .18 .030
Plaster on wood or metal lath on joist—flooring          .50           .14 .028
Plaster on wood or metal lath on joists—double flooring          .40           .13 .028

PARTITIONS
Insulating Board ½ inch on both sides of studding 4.0 .19 .030
Wood or metal lath and plaster on both sides of studding 1.0 .17 .029

ROOFS
Concrete--2 inches, plus 3 layer felt roofing .02 .018
              --6 inches, plus 3 layer felt roofing .02 .018
Shingles, sheathing, rafters--plus plaster on wood or metal lath         1.5           .18
Wood –1 inch, plus 3 layer felt roofing .02 .018
          --2 inches, plus 3 layer felt roofing .02 .018

MISCELLANEOUS
Air Space, still air 3 5/8 inch 3.6
                              1 inch         13.0
Building Materials
  Masonite--1 thickness, 1/8 inch 1.1 .17 .027
                --5 thicknesses     .32
  Plaster on wood lath 1.1
     --plus 2 coats aluminum paint - - .12
  Plaster on gypsum lath 1.95 - -
     --ditto plus primer and 2 coats lead and oil paint - - .13
  Plywood--1/4 inch Douglas fir (3 ply)   .63
               --ditto plus 2 coats asphalt paint - - .087
               --ditto plus 2 coats aluminum paint - -           .13
               --1/2 inch Douglas fir (5 ply)   .27
               --ditto plus 2 coats asphalt paint - - .041
               --ditto plus 2 coats aluminum paint - -           .12
 Wood--Pine .508 inch   .33
          --ditto plus 2 coats aluminum paint - - .046
          --spruce, .508 inch   .20
 Insulating Materials
     Corkboard, 1 inch thick   .63
     Interior finish insulating board, ½” 5.0 – 7.0
       --ditto plus 2 coats water emulsion paint 3.0 – 4.0
       --ditto plus 2 coats varnish base paint .1 – 1.0
       --ditto plus 2 coats lead and oil paint   .17
       --ditto plus wall linoleum .03 - .06
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TABLE 40- WATER VAPOR TRANSMISSION THRU VARIOUS MATERIALS (Contd)
PERMEANCE

Btu/(hr) (100 sq ft)
(gr/lb diff) latent heat

With
With 2 Coats Aluminum

DESCRIPTION OF MATERIAL OR CONSTRUCTION No Vapor Vapor-seal Foil Mounted
Seal Unless Paint on on One Side
Noted Under Smooth of Paper
Description Inside Cemented

Surface* to Wall†
MISCELLANEOUS

Insulating Materials, cont.
   Insulating board lath 4.6 – 8.2
       --ditto plus ½” plaster 1.5
       --ditto plus ½” plaster, sealer, and flat coat of paint .16 - .31
   Insulating board sheathing, 25/32” 2.6 – 6.1
       --ditto plus asphalt coating both sides .046 – 1.0
   Mineral wool (3 5/8 inches thick), unprotected 3.5
Packaging materials
   Cellophane, moisture proof .01 – 0.25
   Glassine (1 ply waxed or 3 ply plain) .0015 - .006
   Kraft paper soaked with parafin wax, 4.5 lbs per 100 sq ft 1.4 – 3.1
   Pliofilm .01 - .025
Paint Films
   2 coats aluminum paint, estimated .05 - .2
   2 coats asphalt paint, estimated .05 - .1
   2 coats lead and oil paint, estimated .1 - .6
   2 coats water emulsion, estimated 5.0 – 8.0
Papers
   Duplex or asphalt laminae (untreated) 30-30, 3.1 lb per 100 sq ft .15 - .27
       --ditto 30-60-30, 4.2 lb per 100 sq ft .051 - .091
   Draft paper--1 sheet 8.1
                     --2 sheets 5.1
                     --aluminum foil on one side of sheet      .016
                     --aluminum foil on both sides of sheet      .012
Sheathing paper
   Asphalt impregnated and coated, 7 lb per 100 sq ft .02 - .10
   Slaters felt, 6 lb per 100 sq ft, 50% saturated with tar 1.4
Roofing Felt, saturated and coated with asphalt
       25 lb. per sq ft .015
       50 lb. per sq ft .011
   Tin sheet with 4 holes 1/16 diameter          .17
   Crack 12 inches long by 1/32 inches wide (approximated from above)        5.2

        *Painted surfaces:  Two coats of a good vapor seal paint on a smooth surface give a fair vapor barrier.  More surface treatment is required
        on a rough surface than on a smooth surface.  Data indicates that either asphalt or aluminum paint are good for vapor seals.
        †Aluminum Foil on Paper:  This material should also be applied over a smooth surface and joints lapped and sealed with asphalt.
        The vapor barrier should always be placed on the side of the wall having the higher vapor pressure if condensation of moisture in wall is
        possible.
        Application:  The heat gain due to water vapor transmission through walls may be neglected for the normal air conditioning or refrigeration
        job.  This latent gain should be considered for air conditioning jobs where there is a great vapor pressure difference between the room and
        the outside, particularly when the dewpoint inside must be low.  Note that moisture gain due to infiltration usually is of much greater
        magnitude than moisture transmission through building structures.
        Conversion Factors:  To convert above table values to:  grain/(hr) (sq ft) (inch mercury vapor pressure difference), multiply by 9.8.
                                                                                                 grain/(hr) (sq ft) (pounds per sq inch vapor pressure difference), multiply by 20.0
        To convert Btu latent heat to grains, multiply by 7000/1060 = 6.6.
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CONDENSATION OF WATER VAPOR
     Whenever there is a difference of temperature and
pressure of water vapor across a structure, conditions
may develop that lead to a condensation of moisture.
This condensation occurs at the point of saturation
temperature and pressure.
       As water vapor flows thru the structure, its
temperature decreases and, if at any point it reaches the
dewpoint or saturation temperature, condensation begins.
As condensation occurs, the vapor pressure decreases,
thereby lowering the dewpoint or saturation temperature
until it corresponds to the actual temperature.  The rate at
which condensation occurs is determined by the rate at
which heat is removed from the point of condensation.
As the vapor continues to condense, latent heat of
condensation is released, causing the dry-bulb
temperature of the material to rise.
       To illustrate this, assume a frame wall with wood
sheathing and shingles on the outside, plasterboard on
the inside and fibrous insulation between the two.  Also,
assume that the inside conditions are 75 F db and 50% rh
and the outdoor conditions are 0 F db and 80% rh.  Refer
to Fig. 28.
      The temperature and vapor pressure gradient
decreases approximately as shown by the solid and
dashed lines until condensation begins (saturation point).
At this point, the latent heat of condensation decreases
the rate of temperature drop thru the insulation.  This is
approximately indicated by the dotted line.
       Another cause of concealed condensation may be
evaporation of water from the ground or damp locations.
This water vapor may condense on the underside of the
floor joints (usually near the edges where it is coldest) or
may flow up thru the outdoor side of the walls because of
stack effect and/or vapor pressure differences.

     Concealed condensation may cause wood, iron and
brickwork to deteriorate and insulation to lose its
insulating value.  These effects may be corrected by the
following methods:

1. Provide vapor barriers on the high vapor pressure
side.

2. In winter, ventilate the building to reduce the vapor
pressure within.  No great volume of air change is
necessary, and normal infiltration alone is frequently
all that is required.

3. In winter, ventilate the structure cavities to remove
vapor that has entered.  Outdoor air thru vents
shielded from entrance of rain and insects may be
used.

     Condensation may also form on the surface of a
building structure.  Visible condensation occurs when the
surface of any material is colder than the dewpoint
temperature of the surrounding air.  In winter, the
condensation may collect on cold closet walls and attic
roofs and is commonly observed as frost on window
panes.  Fig. 29 illustrates the condensation on a window
with inside winter design conditions of 70 F db and 40%
rh.  Point A represents the room conditions; point B, the
dewpoint temperature of the thin film of water vapor
adjacent to the window surface; and point C, the point at
which frost or ice appears on the window.
     Once the temperature drops below the dewpoint, the
vapor pressure at the window surface is also reduced,
thereby establishing a gradient of vapor pressure from
the room air to the window surface.  This gradient
operates, in conjunction with the convective action within
Tive action within the room, to move water vapor
continuously to the window surface to be condensed, as
long as the concentration of the water vapor is maintained
in a space.

FIG. 28-CONDENSATION WITHIN FRAME WALL

°
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                                         FIG. 29-CONDENSATION ON WINDOW SURFACE
Visible condensation is objectionable as it causes

staining of surfaces, dripping on machinery and
furnishings, and damage to materials in process of
manufacture. Condensation of this type may be corrected
by the following methods:

1. Increase the thermal resistance of walls, roofs and
floors by adding insulation with vapor barriers to
prevent condensation within the structures.

2. Increase the thermal resistance of glass by installing
two or three panes with air space(s) between.  In
extreme cases, controlled heat, electric or other, may
be applied between the glass of double glazed
windows.

3. Maintain a room dewpoint lower than the lowest
expected surface temperature in the room.

4. Decrease surface resistance by increasing the
velocity of air passing over the surface.  Decreasing
the surface resistance increases the window surface
temperature and brings it closer to the room dry-bulb
temperature.

Basis of Chart 2
- Maximum Room RH; No Wall, Roof or Glass
  Condensation
     Chart 2 has been calculated from the equation used to
determine the maximum room dewpoint temperature that
can exist with condensation.

     where             =  dewpoint temp of room air, F db
                            =  room temp, F
                    U    =  transmission coefficient, Btu/(hr)(sq ft)
                               (deg F)
                           =  outdoor temp, F
                           =  inside air film or surface conductance,
                               Btu/(hr)(sq ft) (deg F)

     Chart 2 is based upon a room dry-bulb temperature of
70 F db and an inside film conductance of 1.46 Btu/(hr)
(sq ft) (deg F).
Use of Chart 2
- Maximum Room RH; No Wall, Roof or Glass
  Condensation
     Chart 2 gives a rapid means of determining the
maximum room relative humidity which can be
maintained and yet avoid condensation with a 70 F db
room.
Example 9-Moisture Condensation
Given:
     12 in. stone wall with 5/8 in. sand aggregate plaster
     Room temp – 70 F db
     Outdoor temp - 0 F db
Find:
     Maximum room rh without wall condensation.
Solution:
     Transmission coefficient U = 0.52 Btu/(hr) (sq ft) (deg F)
                                                                     (Table 21, page 66)
     Maximum room rh = 40.05%, (Chart 2)
     Corrections in room relative humidity for room temperatures
     other than 70 F db are listed in the table under Chart 2. Values
     other than those listed may be interpolated.
Example 10- Moisture Condensation
Given:
     Same as Example 9, except room temp is 75 F db
Find:
     Maximum room rh without wall condensation
Solution:
     Transmission coefficient U = 0.52 Btu/(hr) (sq ft) (deg F)
                                                                          (Example 9)
     Maximum room rh for 70 F db room temp = 40.05%
                                                                         (Example 9)
     Rh correction for room temp of 75 F db with U factor of
     0.52 = -1.57% (bottom Chart 2).
     Maximum room rh = 40.05-1.57 = 38.48% or 38.5%
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CORRECTION IN ROOM RH (%)
For Wall, Roof or Glass Transmission Coefficient U

Outdoor U = 1.1 U = .65 U = .35Temp Room Temp (F db)(F db) 60 80 60 80 60 80
-30    +1.0%    -1.0%    +1.5%    -2.0%     +2.5%      -2.0%-20     +1.0 -1.5 +2.5 -2.5 +3.0 -2.0-10 +2.0 -2.0 +3.5 -3.0 +3.0 -2.0  0 +3.5 -2.5 +4.0 -4.0 +3.5 -2.510 +5.0 -3.5 +5.0 -4.5 +4.0 -3.020 +7.0 -4.0 +6.5 -5.0 +4.5 -3.530 +9.0 -7.5 +8.5 -6.0 +5.0 -4.040   +12.0 -9.5 +9.5 -7.5 +6.0 -4.5
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CHAPTER 6. INFILTRATION AND VENTILATION
      The data in this chapter is based on ASHAE tests
evaluating the infiltration and ventilation quantities of
outdoor air.  These outdoor air quantities normally have a
different heat content than the air within the conditioned
space and, therefore, impose a load on the air
conditioning equipment.
      In the case of infiltration, the load manifests itself
directly within the conditioned space.  The ventilation air,
taken thru the conditioning apparatus, imposes a load
both on the space thru apparatus bypass effect, and
directly on the conditioning equipment.
       The data in this chapter is based on ASHAE tests
and years of practical experience.
INFILTRATION
      Infiltration of air and particularly moisture into a
conditioned space is frequently a source of sizable heat
gain or loss.  The quantity of infiltration air varies
according to tightness of doors and windows, porosity of
the building shell, height of the building, stairwells,
elevators, direction and velocity of wind, and the amount
of ventilation and exhaust air.  Many of these cannot be
accurately evaluated and must be based on the judgment
of the estimator.
       Generally, infiltration may be caused by wind
velocity, or stack effort, or both:

1. Wind Velocity-The wind velocity builds up a
pressure on the windward side of the building and
a slight vacuum on the leeward side.  The outdoor
pressure build-up causes air to infiltrate thru
crevices in the construction and cracks around the
windows and doors.  This, in turn, causes a slight
build-up of pressure inside the building, resulting in
an equal amount of exfiltration on the leeward side.

2. Difference in Density or Stack Effect – The
variations in temperatures and humidities produce
differences in density of air between inside and
outside of the building.  In tall buildings this density
difference causes summer and winter infiltration
and exfiltration as follows:

            Summer – Infiltration at the top and exfiltration at
                             the bottom.
            Winter – Infiltration at the bottom and exfiltration at
                          the top.

This opposite direction flow balances at some
neutral point near the mid-height of the building.
Air flow thru the building openings increases
proportionately between the neutral point and
the top and the neutral point and bottom of the
building.  The infiltration from stack effect is
greatly influenced by the height of the building
and the presence of open stairways and
elevators.

       The combined infiltration from wind velocity and
stack effect is proportional to the square root of the sum
of the heads acting on it.
       The increased air infiltration flow caused by stack
effect is evaluated by converting the stack effect force to
an equivalent wind velocity, and then calculating the flow
from the wind velocity data in the tables.
       In building over 100 ft tall, the equivalent wind
velocity may be calculated from the following formula,
assuming a temperature difference of 70 F db (winter)
and a neutral point at the mid-height of the building:
                                            (for upper section of tall
                                             bldgs – winter)          (1)
                                            (for lower section of tall
                                              bldgs – winter)         (2)
where     Ve    =  equivalent wind velocity, mph
               V     =  wind velocity normally calculated for
                          location, mph
               a     =  distance window is above mid-height, ft
               b     =  distance window is below mid-height, ft
NOTE:  The total crackage is considered when
             calculating infiltration from stack effect.
INFILTRATION THRU WINDOWS AND DOORS,
SUMMER
     Infiltration during the summer is caused primarily by
the wind velocity creating a pressure on the windward
side.  Stack effect is not normally a significant factor
because the density difference is slight, (0.073 lb/cu ft at
75 F db, 50% rh and 0.070 lb/cu ft at 95 F db, 75 F wb).
This small stack effect in tall buildings (over 100 ft)
causes air to flow in the top and out the bottom.
Therefore, the air infiltrating in the top of the building,
because of the wind pressure, tends to flow down thru the
building and out the doors on the street level, thereby
offsetting some of the infiltration thru them.

Ve = √ V2 – 1.75a
Ve = √ V2 – 1.75b
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       In low buildings, air infiltrates thru open doors on the
windward side unless sufficient outdoor air is introduced
thru the air conditioning equipment to offset it; refer to
“Offsetting Infiltration with Outdoor Air.”
       With doors on opposite walls, the infiltration can be
considerable if the two are open at the same time.
Basis of Table 41
- Infiltration thru Windows and Doors, Summer
     The data in Tables 41a, b and c is based on a wind
velocity of 7.5 mph blowing directly at the window or
door, and on observed crack widths around typical
windows and doors.  This data is derived from Table 44
which lists infiltration thru cracks around windows and
doors as established by ASHAE tests.
       Table 41d shows values to be used for doors on
opposite walls for various percentages of time that each
door is open.
       The data in Table 41e is based on actual tests of
typical applications.

Use of Table 41
- Infiltration thru Windows and Doors, Summer
      The data in Table 41 is used to determine the
infiltration thru windows and doors on the windward side
with the wind blowing directly at them.  When the wind
direction is oblique to the windows or doors, multiply the
values in Tables 41a, b, c, d, by 0.60 and apply to total
areas.  For specific locations, adjust the values in Table
41 to the design wind velocity; refer to Table 1, page 10.
       During the summer, infiltration is calculated for the
windward side(s) only, because stack effect is small and,
therefore, causes the infiltration air to flow in a downward
direction in tall buildings (over 100 ft).  Some of the air
infiltrating thru the windows will exfiltrate thru the windows
on the leeward side(s), while the remaining infiltration air
flows out the doors, thus offsetting some of the infiltration
thru the doors.  To determine the net infiltration thru the
doors, determine the infiltration thru the windows on the
windward side, multiply this by .80, and subtract from the
door infiltration.  For low buildings the door infiltration on
the windward side should be included in the estimate.

TABLE 41-INFILTRATION THRU WINDOWS AND DOORS-SUMMER*
7.5 mph Wind Velocity†

                   TABLE 41a-DOUBLE HUNG WINDOWS‡
CFM PER SQ FT SASH AREA

DESCRIPTION Small-30××××”72” Large-54”××××96”
No W-Strip W-Strip Storm Sash No W-Strip W-Strip Storm Sash

Average Wood Sash   .43 .26 .22 .27 .17 .14
Poorly Fitted Wood Sash 1.20 .37 .60 .76 .24 .38
Metal Sash   .80 .35 .40 .51 .22 .25

                           TABLE 41b-CASEMENT TYPE WINDOWS‡
CFM PER SQ FT SASH AREA

DESCRIPTION Percent Openable Area
0% 25% 33% 40% 45% 50% 60% 66% 75% 100%

Rolled Section-Steel Sash
   Industrial Pivoted .33 .72 - .99 - - - 1.45 - 2.6
   Architectural Projected - .39 - - - .55 .74 - - -
   Residential - - .28 - - .49 - - - 6.3
   Heavy Projected - - - - .23 - -   .32 .39 -
Hollow Metal-Vertically
Pivoted

.27 .58 - .82 - - -   1.2 - 2.2
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TABLE 41-INFILTRATION THRU WINDOWS AND DOORS-SUMMER* (Contd)
7.5 mph Wind Velocity†

Table 41c-DOORS ON ONE OR ADJACENT WALLS, CORNER ENTRANCES
CFM PER SQ FT AREA** CFM

DESCRIPTION No Use Average Use Standing Open
No Vestibute Vestibule

Revolving Doors-Normal Operation .8   5.2 - -
                            Panels Open - - 1,200 900
Glass Door-3/4” Crack 4.5 10.0   700 500
Wood Door (3”×7”) 1.0   6.5   700 500
Small Factory Door     .75   6.5 - -
Garage & Shipping Room Door 2.0   4.5 - -
Ramp Garage Door 2.0     6.75 - -

                                         TABLE 41d-SWINGING DOORS ON OPPOSITE WALLS
% Time CFM PER PAIR OF DOORS
2nd Door % Time 1st Door is Open
is Open 10 25 50 75 100

  10   100    250    500    750   1,000
  25   250    625 1250 1875   2,500
  50   500 1250 2500 3750   5,000
  75   750 1875 3750 5625   7,500
100 1000 2500 5000 7500 10,000

                                         TABLE 41e-DOORS
CFM PER PERSON IN ROOM PER DOOR

APPLICATION 36” Swinging Door
72” Revolving Door No Vestibule Vestibule

Bank 6.5 8.0 6.0
Barber Shop 4.0 5.0 3.8
Candy and Soda 5.5 7.0 5.3
Cigar Store 20.0 30.0 22.5
Department Store (Small) 6.5 8.0 6.0
Dress Shop 2.0 2.5 1.9
Drug Store 5.5 7.0 5.3
Hospital Room - 3.5 2.6
Lunch Room 4.0 5.0 3.8
Men’s Shop 2.7 3.7 2.8
Restaurant 2.0 2.5 1.9
Shoe Store 2.7 3.5 2.6

*All values in Table 41 are based on the wind blowing directly at the window or door.  When the wind direction is oblique to the window or door,
multiply the above values by 0.60 and use the total window and door area on the windward side(s).
†Based on a wind velocity of 7.5 mph.  For design wind velocities different from the base, multiply the above values by the ratio of velocities.
‡Includes frame leakage where applicable.
** Vestibules may decrease the infiltration as much as 30% when the door usage is light.  When door usage is heavy, the vestibule is of little value
for reducing infiltration.

Example 1-Infiltration in Tall Building, Summer
Given:

A 20-story building in New York City oriented true
north.  Building is 100 ft long and 100 ft wide with a
floor-to-floor height of 12 ft.  Wall area is 50%
residential casement windows having 50% fixed sash.
There are ten 7 ft × 3 ft swinging glass doors on the
street level facing south.

Find:
Infiltration into the building thru doors and windows,
disregarding outside air thru the equipment and the
exhaust air quantity.

Solution:
The prevailing wind in New York City during the
summer is south, 13 mph (Table 1, page 10).
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Correction to Table 1 values for wind velocity
           = 13/7.5 = 1.73
Glass area on south side
           = 20×12×100×.50 = 12,000 sq ft
Infiltration thru windows
      =12,000×.49×1.73 = 10,200 cfm (Table 41b)
Infiltration thru doors
      =10×7×3×10×1.73 =3640 cfm (Table 41c)
Since this building is over 100 ft tall, net infiltration thru
doors = 3640-(10,200×.80) = -4520 cfm.
Therefore, there is no infiltration thru the doors on the
street level on design days, only exfiltration.
OFFSETTING INFILTRATION WITH OUTDOOR, AIR,
SUMMER
       Completely offsetting infiltration by the introduction of
outdoor air thru the air conditioning apparatus is normally
uneconomical except in buildings with few windows and
doors.  The outdoor air so introduced must develop a
pressure equal to the wind velocity to offset infiltration.
This pressure causes exfiltration thru the leeward walls at
a rate equal to wind velocity.  Therefore, in a four sided
building with equal crack areas on each side and the
wind blowing against one side, the amount of outdoor air
introduced thru the apparatus must be a little more than
three times the amount that infiltrates.  Where the wind is
blowing against two sides, the outdoor air must be a little
more than equal to that which infiltrates.
       Offsetting swinging door infiltration is not quite as
difficult because air takes the path of least resistance,
normally an open door.  Most of the outdoor air
introduced thru the apparatus flows out the door when it
is opened.  Also, in tall building the window infiltration
tends to flow out the door.

     The infiltration thru revolving doors is caused by
displacement of the air in the door quadrants, is almost
independent of wind velocity and, therefore, cannot be
offset by outdoor air.
Basis of Table 42
- Offsetting Swinging Door Infiltration with Outdoor Air,
  Summer
      Some of the outdoor air introduced thru the apparatus
exfiltrates thru the cracks around the windows and in the
construction on the leeward side.  The outdoor air values
have been increased by this amount for typical
application as a result of experience.
Use of Table 42
- Offsetting Swinging Door Infiltration with Outdoor Air,
  Summer
      Table 42 is used to determine the amount of outdoor
air thru air conditioning apparatus required to offset
infiltration thru swinging doors.
Example 2-Offsetting Swinging Door Infiltration
Given:

A restaurant with 3000 cfm outdoor air being introduced thru the
air conditioning apparatus.  Exhaust fans in the kitchen remove
2000 cfm.  Two 7 ft × 3 ft glass swinging doors face the
prevailing wind direction.  At peak load conditions, there are
300 people in the restaurant.

Find:
     The net infiltration thru the outside doors.
Solution:
     Infiltration thru doors = 300×2.5=750 cfm (Table 41e)
     Net outdoor air = 3000-2000=1000 cfm
     Only 975 cfm of outdoor air is required to offset 750 cfm of door
     infiltration (Table 42).
     Therefore, there will be no net infiltration thru the outside doors
     unless there are windows on the leeward side.  If there are
     window in the building, calculate as outlined in Example 1.

TABLE 42-OFFSETTING SWINGING DOOR INFILTRATION WITH OUTDOOR AIR-SUMMER

Net Outdoor Air* (cfm) Door Infiltration (cfm) Net Outdoor Air* (cfm) Door Infiltration (cfm)
  140   100 1370 1100
  270   200 1480 1200
  410   300 1560 1300
  530   400 1670 1400
  660   500 1760 1500
  790   600 1890 1600
  920   700 2070 1800
1030   800 2250 2000
1150   900 2450 2200
1260 1000 2650 2400

*Net outdoor air is equal to the outdoor air quantity introduced thru the apparatus minus the exhaust air quantity.
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INFILTRATION THRU WINDOWS AND DOORS,
WINTER
      Infiltration thru windows and doors during the winter
is caused by the wind velocity and also stack effect.  The
temperature differences during the winter are
considerably greater than in summer and, therefore, the
density difference is greater; at 75 F db and 30% rh,
density is .0738; at 0 F db, 40% rh, density is .0865.
Stack effect causes air to flow in at the bottom and out at
the top, and in many cases requires spot heating at the
doors on the street level to maintain conditions.  In
applications where there is considerable infiltration on the
street level, much of the infiltration thru the windows in the
upper levels will be offset.
Basis of Table 43
- Infiltration thru Windows and Doors, Winter
       The data in Table 43 is based on a wind velocity of
15 mph blowing directly at the window or door and on
observed crack widths around typical windows and
doors.  The infiltration thru these cracks is calculated from
Table 44 which is based on ASHAE tests.
Use of Table 43
- Infiltration thru Windows and Doors, Winter
       Table 43 is used to determine the infiltration of air
thru windows and doors on the windward side during the
winter.  The stack effect in tall buildings increases the
infiltration thru the doors and windows on the lower levels
and decreases it on the upper levels.  Therefore,
whenever the door infiltration is increased, the infiltration
thru the upper levels must be decreased by 80% of the
net increase in door infiltration.  The infiltration from stack
effect on the leeward sides of the building is determined
by using the difference between the equivalent velocity
(Ve) and the actual velocity (V) as outlined in Example 3.
The data in Table 43 is based on the wind blowing
directly at the windows and doors.  When the wind
direction is oblique to the windows and doors, multiply
the values by 0.60 and use the total window and door
area on the windward sides.
Example 3-Infiltration in Tall Buildings, Winter
Given:
       The building described in Example 1.
Find:
       The infiltration thru the doors and windows.
Solution:
        The prevailing wind in New York City during the winter is NW
at 16.8 mph (Table 1, page 10)
Correction on Table 43 for wind velocity is 16.8/15= 1.12.  Since
the wind is coming from the Northwest, the crackage on the north

and west sides will allow infiltration but the wind is only 60%
effective.  Correction for wind direction is .6.
Since this building is over 100 ft tall, stack effect causes infiltration
on all sides at the lower levels and exfiltration at the upper levels.
The total infiltration on the windward sides remains the same
because the increase at the bottom is exactly equal to the
decrease at the top.  (For a floor-by-floor analysis, use equivalent
wind velocity formulas.)  Infiltration thru windows on the windward
sides of the lower levels
    = 12,000 ×××× 2×××× 1.12 ×××× .6×××× .98 = 15,810 cfm.
The total infiltration thru the windows on the leeward sides of the
building is equal to the difference between the equivalent velocity
at the first floor and the design velocity at the midpoint of the
building.

Total infiltration thru windows in lower half of building (upper half is
exfiltration) on leeward side
    = 12,000 × 2 × 1/2 × (5.4/15) × 1/2 ×.98
    = 2160 cfm (Table 43)

NOTE:  This is the total infiltration thru the windows on the
leeward side. A floor-by-floor analysis should be made to
balance the system to maintain proper conditions on
each floor.
(on leeward side)

                     = 10 ×7 × 3 × (5.4/15) × 30
     = 2310 cfm (Table 43c, average use, 1 and 2 story

                         building).

Example 4-Offsetting Infiltration with Outdoor Air
Any outdoor air mechanically introduced into the building offsets
some of the infiltration.  In Example 3 all of the outdoor air is
effective in reducing the window infiltration.  Infiltration is reduced
on two windward sides, and the air introduced thru the apparatus
exfiltrates thru the other two sides.

Given:
The building described in Example 1 with .25 cfm/sq ft
supplied thru the apparatus and 40,000 cfm being exhausted
from the building.

Find:
      The net infiltration into this building.
Solution:
      Net outdoor air = (.25×10,000×20)-40,000 = 10,000 cfm
      Net infiltration thru windows
                              = 15,800+2160-10,000 = 7970 cfm
      Net infiltration thru doors = 2310 cfm (Example 3)
      Net infiltration into building = 7970+2310 = 10,280 cfm

°

= √ (16.8)2 + (1.75 x       ) = 22.2 mph240
  2

Ve = √ V2 + 1.75b

Ve – V = 22.2 – 16.8 = 5.4 mph
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TABLE 43-INFILTRATION THRU WINDOWS AND DOORS-WINTER*
15 mph Wind Velocity†

                TABLE 43a-DOUBLE HUNG WINDOWS ON WINDOW SIDE‡
CFM PER SQ FT SASH AREA

DESCRIPTION Small-30××××”72” Large-54”××××96”
No W-Strip W-Strip Storm Sash No W-Strip W-Strip Storm Sash

Average Wood Sash .85 .52 .42   .53 .33 .26
Poorly Fitted Wood Sash      2.4 .74       1.2 1.52 .47 .74
Metal Sash 1.60 .69 .80 1.01 .44 .50

                          NOTE:  W-Strip denotes weatherstrip.

                         TABLE 43b-CASEMENT TYPE WINDOWS ON WINDWARD SIDE‡
CFM PER SQ FT SASH AREA

DESCRIPTION Percent Openable Area
0% 25% 33% 40% 45% 50% 60% 66% 75% 100%

Rolled Section-Steel Sash
   Industrial Pivoted .65 1.44 - 1.98 - - -  2.9 - 5.2
   Architectural Projected -    .78 - - - 1.1 1.48 - - -
   Residential - - .56 - - .98 - - - 1.26
   Heavy Projected - - - - .45 - -   .63 .78 -
Hollow Metal-Vertically
Pivoted

.54 1.19 - 1.64 - - -  2.4 - 4.3

                     TABLE 43c-DOORS ON ONE OR ADJACENT WINDWARD SIDES‡
CFM PER SQ FT AREA**

Average Use
DESCRIPTION Infrequent 1 & 2 Tall Building (ft)

Use Story Bldg. 50 100 200
Revolving Door 1.6 10.5 12.6 14.2 17.3
Glass Door-(3/16” Crack) 9.0 30.0 36.0 40.5 49.5
Wood Door 3’×7’ 2.0 13.0 15.5 17.5 21.5
Small Factory Door 1.5 13.0
Garage & Shipping Room Door 4.0   9.0
Ramp Garage Door 4.0 13.5

*All values in Table 43 are based on the wind blowing directly at the window or door.  When the prevailing wind direction is oblique to the window
or door, multiply the above values by 0.60 and use the total window and door area on the windward side(s).
†Based on a wind velocity of 15 mph.  For design wind velocities different from the base, multiply the table values by the ratio of velocities.
‡Stack effect in tall buildings may also cause infiltration on the leeward side.  To evaluate this, determine the equivalent velocity (Ve) and subtract
the design velocity (V).  The equivalent velocity is:

                        Where a and b are the distances above and below the mid-height of the building, respectively, in ft.
Multiply the table values by the ratio (Ve-V)/15 for doors and one half of the windows on the leeward side of the building.  (Use values under “1
and 2 Story Bldgs” for doors on leeward side of tall buildings.)
**Doors on opposite sides increase the above values 25%.  Vestibules may decrease the infiltration as much as 30% when door usage is light.  If
door usage is heavy, the vestibule is of little value in reducing infiltration.  Heat added to the vestibule will help maintain room temperature near
the door.

Ve = √ V2 – 1.75a (upper section)

Ve = √ V2 + 1.75b (lower section)
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INFILTRATION-CRACK METHOD (Summer or Winter)
       The crack method of evaluating infiltration is more
accurate than the area methods.  It is difficult to establish
the exact crack dimensions but, in certain close tolerance
applications, it may be necessary to evaluate the load
accurately.  The crack method is applicable both summer
and winter.
Basis of Table 44
- Infiltration thru Windows and Doors, Crack Method
      The data on windows in Table 44 are based on
ASHAE tests.  These test results have been reduced 20%
because, as infiltration occurs on one side, a certain
amount of pressure builds up in the building, thereby
reducing the infiltration.  The data on glass and factory
doors has been calculated from observed typical crack
widths.

Use of Table 44
- Infiltration thru Windows and Doors, Crack Method
      Table 44 is used to determine the infiltration thru the
doors and windows listed.  This table does not take into
account winter stack effect which must be evaluated
separately, using the equivalent wind velocity formulas
previously presented.
Example 5-Infiltration thru Windows, Crack Method
Given:
     A 4 ft × 7 ft residential casement window facing south.
Find:
      The infiltration thru this window:
Solution:
     Assume the crack widths are measured as follows:
       Window frame-none, well sealed
       Window openable area-1/32 in. crack; length, 20 ft
     Assume the wind velocity is 30 mph due south.
       Infiltration thru window =20 × 2.1 = 42 cfm (Table 44)

TABLE 44-INFILTRATION THRU WINDOWS AND DOORS-CRACK METHOD-SUMMER-WINTER*

            TABLE 44a-DOUBLE HUNG WINDOWS-UNLOCKED ON WINDWARD SIDE
CFM PER LINEAR FOOT OF CRACK

Wind Velocity-Mph
TYPE OF 5 10 15 20 25 30

DOUBLE HUNG WINDOW No W- W- No W- W- No W- W- No W- W- No W- W- No W- W-
Strip Strip Strip Strip Strip Strip Strip Strip Strip Strip Strip Strip

Wood Sash
   Average Window .12 .07    .35 .22    .65 .40    .98 .60 1.33    .82 1.73 1.05
   Poorly Fitted Window .45 .10 1.15 .32 1.85 .57 2.60 .85 3.30 1.18 4.20 1.53
   Poorly Fitted-with Storm Sash .23 .05    .57 .16    .93 .29 1.30 .43 1.60    .59 2.10    .76
Metal Sash .33 .10    .78 .32 1.23 .53 1.73 .77   2.3 1.00   2.8 1.27

            TABLE 44b-CASEMENT TYPE WINDOWS ON WINDWARD SIDE

TYPE OF CFM PER LINEAR FOOT OF CRACK
DOUBLE HUNG WINDOW Wind velocity-Mph

5 10 15 20 25 30
Rolled Section-Steel Sash
   Industrial Pivoted 1/16” crack .87 1.80     2.9     4.1     5.1   6.2
   Architectural Projected 1/32” crack .25   .60 1.03 1.43 1.86   2.3
   Architectural Projected 3/64” crack .33   .87 1.47 1.93     2.5   3.0
   Residential casement 1/64” crack .10   .30   .55   .78 1.00 1.23
   Residential Casement 1/32” crack .23   .53   .87 1.27 1.67 2.10
   Heavy Casement Section Projected 1/64” crack .05   .17   .30   .43   .58   .80
   Heavy Casement Section Projected 1/32” crack .13   .40   .63   .90 1.20 1.53
Hollow Metal-Vertically Pivoted .50 1.46 2.40 3.10 3.70 4.00

            *Infiltration caused by stack effect must be calculated separately during the winter.
            †No allowance has been made for usage.  See Table 43 for infiltration due to usage.
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TABLE 44-INFILTRATION THRU WINDOWS AND DOORS-CRACK METHOD-SUMMER-WINTER*
(Contd)

                TABLE 44c-DOORS†ON WINDWARD SIDE
CFM PER LINEAR FOOT OF CRACK

TYPE OF DOOR Wind Velocity-mph
5 10 15 20 25 30

Glass Door-Herculite
   Good Installation 1/16” crack    3.2   6.4        9.6     13.0     16.0 19.0
   Average Installation 1/32” crack    4.8 10.0 14.0 20.0 24.0 29.0
   Poor Installation 3/64” crack    6.4 13.0 19.0 26.0     26.0 38.0
Ordinary Wood or Metal
   Well Fitted-W-Strip .45        .60      .90   1.3   1.7   2.1
   Well Fitted-No W-Strip .90   1.2  1.8   2.6   3.3   4.2
   Poorly Fitted-No W-Strip .90   2.3  3.7   5.2   6.6   8.4
Factory Door 1/8” crack    3.2   6.4  9.6 13.0 16.0 19.0

VENTILATION
VENTILATION STANDARDS
       The introduction of outdoor air for ventilation of
conditioned spaces is necessary to dilute the odors given
off by people, smoking and other internal air
contaminants.
       The amount of ventilation required varies primarily
with the total number of people, the ceiling height and the
number of people smoking.  People give off body odors
which require a minimum of 5 cfm per person for
satisfactory dilution.  Seven and one half cfm per person
is recommended.  This is based on a population density
of 50 to 75 sq ft per person and a typical ceiling height of
8 ft.  With greater population densities, the ventilation
quantity should be increased.  When people smoke, the
additional odors given off by cigarettes or cigars require
a minimum of 15 to 25 cfm per person.  In special
gathering rooms with heavy smoking, 30 to 50 cfm per
person is recommended.
Basis of Table 45
- Ventilation Standards
       The data in Table 45 is based on test observation of
the clean outdoor air required to maintain satisfactory
odor levels with people smoking and not smoking.  These
test results were then extrapolated for typical
concentrations of people, both smoking and not smoking,
for the applications listed.
Use of Table 45
- Ventilation Standards
       Table 45 is used to determine the minimum and
recommended ventilation air quantity for the listed
applications.  In applications where the minimum values
are used and the minimum cfm per person and cfm per
sq ft of floor area are listed, use the larger minimum
quantity.  Where the crowd density is greater than normal
or where better than satisfactory conditions are desired,
use the recommended values.

SCHEDULED VENTILATION
       In comfort applications, where local codes permit, it
is possible to reduce the capacity requirements of the
installed equipment by reducing the ventilation air
quantity at the time of peak load. This quantity can be
reduced at the time of peak to, in effect, minimize the
outdoor air load. At times other than peak load, the
calculated outdoor air quantity is used. Scheduled
ventilation is recommended only for installations
operating more than 12 hours or 3 hours longer than
occupancy, to allow some time for flushing out the
building when no odors are being generated.  It has been
found, by tests, that few complaints of stuffiness are
encountered when the outdoor air quantity is reduced for
short periods of time, provided the flushing period is
available.  It is recommended that the outdoor air quantity
be reduced to no less than 40% of the recommended
quantity as listed in Table 45.
       The procedure for estimating and controlling
scheduled ventilation is as follows:

1. In estimating the cooling load, reduce the air
quantity at design conditions to a minimum of
40% of the recommended air quantity.

2. Use a dry-bulb thermostat following the cooling
and dehumidifying apparatus to control the
leaving dewpoint such that:
a. With the dewpoint at design, the damper

motor closes the outdoor air damper to 40%
of the design ventilation air quantity.

b. As the dewpoint decreases below design,
the outdoor air damper opens to the design
setting.

3. Another method which could be used is a
thermostat located in the leaving chilled water
from the refrigeration machine.
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Example 6-Ventilation Air Quantity, Office Space

Given:
     A 5000 sq ft office with a ceiling height of 8 ft and 50 people.
     Approximately 40% of the people smoke.
Find:
     The ventilation air quantity.

Solution:
The population density is typical, 100 sq ft per person, but the
number of smokers is considerable.
Recommended ventilation = 50 × 15 =   750 cfm (Table 45)
Minimum ventilation           = 50 × 10  =  500 cfm (Table 45)

500 cfm will more than likely not maintain satisfactory conditions
within the space because the number of smokers is
considerable. Therefore, 750 cfm should be used in this
application.

NOTE:  Many applications have exhaust fans.  This means that the
outdoor air quantity must at least equal the exhausted air;
otherwise the infiltration rate will increase.  Tables 46 and
47 list the approximate capacities of typical exhaust fans.
The data in these tables were obtained from published
ratings of several manufacturers of exhaust fans.

TABLE 45-VENTILATION STANDARDS

CFM PER PERSON CFM PER
APPLICATION SMOKING SQ FT OF FLOOR

Recommended Minimum* Minimum*
Some 20 15 -                      Average

     De Luxe Some 30 25    .33
Banking Space Occasional 10 7½ -
Barber Shops Considerable 15 10 -
Beauty Parlors Occasional 10 7½ -
Broker’s Board Rooms Very Heavy 50 30 -
Cocktail Bars Heavy 30 25 -
Corridors (Supply or Exhaust) - - -    .25
Department Stores None 7½ 5    .05
Directors Rooms Extreme 50 30 -
Drug Stores† Considerable 10 7½ -
Factories‡§ None 10 7½    .10
Five and Ten Cent Stores None 7½ 5 -
Funeral Parlors None 10 7½ -
Garage‡ - - -              1.0
                       Operating Rooms‡** None - - 2.0
Hospitals        Private Rooms None 30 25    .33
                       Wards None 20 15 -
Hotel Roms Heavy 30 25    .33
                     Restaurant† - - - 4.0
                     Residence - - - 2.0
Laboratories† Some 20 15 -
Meeting Rooms Very Heavy 50 30 1.25
                 General Some 15 10 -
Office        Private None 25 15   .25
                  Private Considerable 30 25   .25
                       Cafeteria† Considerable 12 10 -
Restaurant      Dining Room† Considerable 15 12 -
School Rooms‡ None - - -
Shop Retail None 10 7½ -
Theater‡ None 7½ 5 -
Theater Some 15 10 -
Toilets‡  (Exhaust) - - -              2.0

*When minimum is used, use the larger.               §Use these values unless governed by other sources of contamination or by local codes.
‡See local codes which may govern.                   **All outdoor air is recommended to overcome explosion hazard of anesthetics.
†May be governed by exhaust..

{Apartment

Kitchen
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TABLE 46-CENTRIFUGAL FAN
CAPACITIES

Inlet Motor Outlet
Diameter Capacity* Horsepower Velocity

(in.) (cfm) Range Range (fpm)
4       50-250 1/70-1/20   800-2000
6     100-550 1/20-1/6   500-2500
8   300-1000 1/20-1/2   850-2900

     10   600-2800 1/5-2   950-4300
12†   800-1600 1/8-1/2 1000-2000
15† 1200-2500 ¼-1 1000-2000
18† 1700-3600 ¼-1 1/4 1000-2000
21† 2300-5000 1/3-1 1/2 1000-2000

*These typical air capacities were obtained from published rating of
several manufacturers of nationally known exhaust fans, single
width, single inlet.  Range of static pressures 1/4 to 1 1/4 inches.
Fans with inlet diameter 10 inches and smaller are direct
connected.
†The capacity of these fans has been arbitrarily taken at 1000 fpm

minimum and 2000 fpm maximum outlet velocity. For these fans
the usual selection probably is approximately 1500 fpm outlet
velocity for ventilation.

TABLE 47-PROPELLER FAN CAPACITIES-
FREE DELIVERY

Fan Diameter Speed Capacity*
(in.) (rpm) (cfm)
  8 1500   500
12 1140   825
12 1725 1100
16   855 1000
16 1140 1500
18   850 1800
18 1140 2350
20   850 2400
20 1140 2750
20 1620 3300

*The capacities of fans of various manufacturers may vary ±10%
from the values given above.
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CHAPTER 7. INTERNAL AND SYSTEM HEAT GAIN

INTERNAL HEAT GAIN
    Internal heat gain is the sensible and latent heat
released within the air conditioned space by the
occupants, lights, appliances, machines, pipes, etc.  This
chapter outlines the procedures for determining the
instantaneous heat gain from these sources. A portion of
the heat gain from internal sources is radiant heat which
is partially absorbed in the building structure, thereby
reducing the instantaneous heat gain. Chapter 3, “Heat
Storage, Diversity and Stratification,” contains the data
and methods for estimating the actual cooling load from
the heat sources referred to in the following text.
PEOPLE
    Heat is generated within the human body by
oxidation, commonly called metabolic rate.  The
metabolic rate varies with the individual and with his
activity level.  The normal body processes are performed
most efficiently at a deep tissue temperature of about
98.6 F; this temperature may vary only thru a narrow
range. However, the human body is capable of
maintaining this temperature, thru a wide ambient
temperature range, by conserving or dissipating the heat
generated within itself.
    This heat is carried to the surface of the body by the
blood stream and is dissipated by:

1. Radiation from the body surface to the surrounding
surfaces.

2. Convection from the body surface and the
respiratory tract to the surrounding air.

3. Evaporation of moisture from the body surface and
in the respiratory tract to the surrounding air.

     The amount of heat dissipated by radiation and
convection is determined by the difference in temperature
between the body surface and its surroundings.  The
body surface temperature is regulated by the quantity of
blood being pumped to the surface; the more blood, the
higher the surface temperature up to a limit of about 96 F.
The heat dissipated by evaporation is determined by the
difference in vapor pressure between the body and the
air.
Basis of Table 48
- Heat Gain from People
     Table 48 is based on the metabolic rate of an
average adult male, weighing 150 pounds, at different

levels of activity, and generally for occupancies longer
than 3 hours. These have been adjusted for typical
compositions of mixed groups of males and females for
the listed applications. The metabolic rate of women is
about 85% of that for a male, and for children about 75%.

The heat gain for restaurant applications has been
increased 30 Btu/hr sensible and 30 Btu/hr latent heat per
person to include the food served.
     The data in Table 48 as noted are for continuous
occupancy. The excess heat and moisture brought in by
people, where short time occupancy is occurring (under
15 minutes), may increase the heat gain from people by
as much as 10%.
Use of Table 48
- Heat Gain from People
    To establish the proper heat gain, the room design
temperature and the activity level of the occupants must
be known.
Example 1-Bowling Alley
Given:
   A 10 lane bowing alley, 50 people, with a room design dry-bulb
   temperature of 75 F.  Estimate one person per alley bowling, 20
   of the remainder seated, and 20 standing.
Find:
   Sensible heat gain = (10×525)+(20×240)+(20×280)
                                 = 15,650 Btu/hr
   Latent heat gain    = (10×925)+(20×160)+(20×270)
                                 = 17,850 Btu/hr

LIGHTS
    Lights generate sensible heat by the conversion of
the electrical power input into light and heat.  The heat is
dissipated by radiation to the surrounding surfaces, by
conduction into the adjacent materials and by convection
to the surrounding air.  The radiant portion of the light
load is partially stored, and the convection portion may
be stratified as described on page 39.  Refer to Table 12,
page 35, to determine the actual cooling load.
    Incandescent lights convert approximately 10% of
the power input into light with the rest being generated as
heat within the bulb and dissipated by radiation,
convection and conduction. About 80% of the power
input is dissipated by radiation and only about 10% by
convection and conduction, Fig. 30.
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FIG. 30-CONVERSION OF ELECTRIC POWER TO
HEAT AND LIGHT WITH INCANDESCENT LIGHTS,

APPROXIMATE
     Fluorescent lights convert about 25% of the power
input into light, with about 25% being dissipated by
radiation to the surrounding surfaces. The other 50% is

FIG. 31-CONVERSION OF ELECTRIC POWER TO
HEAT AND LIGHT WITH FLUORESCENT LIGHTS,

APPROXIMATE

dissipated by conduction and convection.  In addition to
this, approximately 25% more heat is generated as heat
in the ballast of the fluorescent lamp, Fig. 31.
     Table 49 indicates the basis for arriving at the gross
heat gain from fluorescent or incandescent lights.

TABLE 48-HEAT GAIN FROM PEOPLE
Aver-
age

Met- Ad-
DEGREE OF TYPICAL abolic justed ROOM DRY-BULB TEMPERATURE

ACTIVITY APPLICATION Rate Met-
(Adult abolic 82 F 80 F 78 F 75 F 70 F
Male) Rate* Btu/hr Btu/hr Btu/hr But/hr Btu/hr
Btu/hr Btu/hr Sensible Latent Sensible Latent Sensible Latent Sensible Latent Sensible Latent

Seated at rest Theater,
   Grade School 390 350 175 175 195 155 210 140 230 120 260   90

Seated, very light
     work High School 450 400 180 220 195 205 215 185 240 160 275 125
Office worker Offices, Hotels,

   Apts., College 475
450 180 270 200 250 215 235 245 205 285 165

Standing, walking Dept., Retail, or
   slowly    Variety Store 550
Walking, seated Drug Store 550

500 180 320 200 300 220 280 255 245 290 210
Standing, walking
   slowly Bank 550
Sedentary work Restaurant† 500 550 190 360 220 330 240 310 280 270 320 230
Light bench work Factory, light

work 800 750 190 560 220 530 245 505 295 455 365 385
Moderate dancing Dance Hall 900 850 220 630 245 605 275 575 325 525 400 450
Walking, 3 mph Factory, fairly

   heavy work 1000 1000 270 730 300 700 330 670 380 620 460 540
Heavy work Bowling Alley‡

   Factory 1500 1450 450 1000 465 985 485 965 525 925 605 845
*Adjusted Metabolic Rate is the metabolic rate to be applied to a                †Restaurant-Values for this application include 60 Bu per hr for food
mixed group of people with a typical percent composition based on              per Individual (30 Btu sensible and 30 Btu latent heat per hr).
the following factors:                                                                                       ‡Bowling-Assume one person per alley actually bowling and all others
Metabolic rate, adult female=Metabolic rate, adult male×0.85                        sitting, metabolic rate 400 Btu per hr; or standing, 550 Btu per hr.
Metabolic rate, children      =Metabolic rate, adult male×0.75
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TYPE HEAT GAIN* Btu/hr
Fluorescent Total Light Watts×1.25†×3.4
Incandescent Total Light Watts×3.4

*Refer to Tables 12 and 13, pages 35-37 to determine actual
cooling load.
†Fluorescent light wattage is multiplied by 1.25 to include heat

gain in ballast.

APPLIANCES
     Most appliances contribute both sensible and latent
heat to a space. Electric appliances contribute latent
heat, only by virtue of the function they perform, that is,
drying, cooking, etc, whereas gas burning appliances

contribute additional moisture as a product of
combustion. A properly designed hood with a positive
exhaust system removes a considerable amount of the
generated heat and moisture from most types of
appliances.
Basis of Tables 50 thru 52
- Heat Gain from Restaurant Appliances and
  Miscellaneous Appliances
     The data in these tables have been determined from
manufacturers data, the American Gas Association data,
Directory of Approved Gas Appliances and actual tests
by Carrier Corporation.

TABLE 50-HEAT GAIN FROM RESTAURANT APPLIANCES

NOT HOODED*-ELECTRIC
MAIN- RECOM HEAT GAIN

OVERALL TYPE MFR TAIN- FOR AVG USE
APPLIANCE DIMENSIONS OF MAX ING Sensible Latent Total

Less Legs and CON- MISCELLANEOUS RATING RATE Heat Heat Heat
Handles (In.) TROL DATA Btu/hr Btu/hr Btu/hr Btu/hr Btu/hr

Coffee Brewer-1/2 gal Man. 2240 306 900 220 1120
           Warmer-1/2 gal Man. 306 306 230 90 320
4 Coffee Brewing Units Water heater—2000
   with 41/2 gal Tank 20×30×26 H Auto.     watts 16900 4800 1200 6000

Brewers—2960 watts
Coffee Urn--3 gal 15 Dia×34H Man. Black finish 11900 3000 2600 1700 4300
                  --3 gal 12×23 oval ×21H Auto. Nickel plated 15300 2600 2200 1500 3700
                  --5 gal 18 Dia ×37H Auto. Nickel plated 17000 3600 3400 2300 5700
Doughnut Machine 22×22×57H Auto. Exhaust system to

outdoors-1/2 hp motor 16000 5000 5000
Egg Boiler 10×13×25H Man. Med. ht. –550 watts

Low ht—275 watts 3740 1200 800 2000
Food Warmer with Plate Insulated, separate
   Warmer, per sq ft top Auto.    heating unit for each 1350 500 350 350 700
   surface    pot. Plate warmer in

   base
Food Warmer without
   Plate Warmer, per sq ft Auto. Ditto, without plate 1020 400 200 350 550
   top surface     warmer
Fry Kettle--111/2 lb fat 12 Dia×14H Auto. 8840 1100 1600 2400 4000
Fry Kettle—25 lb fal 16×18×12H Auto. Frying area 12”×14” 23800 2000 3800 5700 9500
Griddle, Frying 18×18×8H Auto. Frying top 18”×14” 8000 2800 3100 1700 4800
Grille, Meat 14×14×10H Auto. Cooking area 10”×12” 10200 1900 3900 2100 6000
Grille, Sandwich 13×14×10H Auto. Grill area 12”×12” 5600 1900 2700 700 3400
Roll Warmer 26×17×13H Auto. One drawer 1500 400 1100 100 1200
Toaster, Continuous 15×15×28H Auto. 2 Slices wide--

    360 slices/hr 7500 5000 5100 1300 6400
Toaster, Continuous 20×15×28H Auto. 4 Slices wide--

    720 slices/hr 10200 6000 6100 2600 8700
Toaster, Pop-Up 6×11×9H Auto. 2 Slices 4150 1000 2450 450 2900
Waffle Iron 12×13×10H Auto. One waffle 7” dia 2480 600 1100 750 1850
Waffle Iron for Ice Cream 14×13×10H Auto. 12 Cakes,
     Sandwich     each 2 1/2”×3 3/4” 7500 1500 3100 2100 5200

                  *If properly designed positive exhaust hood is used, multiply recommended value by .50.

TABLE 49 – HEAT GAIN FROM LIGHT
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Use of Tables 50 thru 52
- Heat Gain from Restaurant Appliances and
- Miscellaneous Appliances
      The Maintaining Rate is the heat generated when the
appliance is being maintained at operating temperature
but not being used.
      The Recommended for Average Use values are those
which the appliance generates under normal use. These
appliances seldom operate at maximum capacity during
peak load since they are normally warmed up prior to the
peak.

     The values in Tables 50 thru 52 are for unhooded
appliances. If the appliance has a properly designed
positive exhaust hood, reduce the sensible and the latent
heat gains by 50%. A hood, to be effective, should extend
beyond the appliance approximately 4 inches per foot of
height between the appliance and the face of the hood.
The lower edge should not be higher than 4 feet above
the appliance and the average face velocity across the
hood should not be less than 70 fpm.

TABLE 51-HEAT GAIN FROM RESTAURANT APPLIANCES
NOT HOODED*--GAS BURNING AND STEAM HEATED

MAIN- RECOM HEAT GAIN
OVERALL TYPE MFR TAIN- FOR AVG USE

APPLIANCE DIMENSIONS OF MAX ING Sensible Latent Total
Less Legs and CON- MISCELLANEOUS RATING RATE Heat Heat Heat
Handles (In.) TROL DATA Btu/hr Btu/hr Btu/hr Btu/hr Btu/hr

GAS BURNING

Coffee Brewer-1/2 gal Man. Combination brewer 3400 1350 350 1700
           Warmer-1/2 gal Man.    and warmer 500 500 400 100 500
Coffee Brewing Units 4 Brewers and 4½
   with Tank 19×30×26 H     gal tank 7200 1800 9000
Coffee Urn--3 gal 15” Dia×34H Auto. Black finish 3200 3900 2900 2900 5800
Coffee Urn --3 gal 12×23 oval ×21H Auto. Nickel plated 3400 2500 2500 5000
Coffee Urn --5 gal 18 Dia ×37H Auto. Nickel plated 4700 3900 3900 7800
Food Warmer, Values per
   sq ft top surface Man. Water bath type 2000 900 850 450 1300
Fry Kettle—15 lb fat 12×20×18H Auto. Frying area 10×10 14250 3000 4200 2800 7000
Fry Kettle—28 lb fal 15×35×11H Frying area 11×16 24000 4500 7200 4800 12000
Grill—Broil-O-Grill 22×14×17H Insulated
    Top Burner (1.4 sq ft) Man.     22,000 Btu/hr 37000 14400 3600 18000
    Bottom Burner grill surface)     15,000 Btu/hr
Stoves, Short Order-- Man. Ring type burners 14000 4200 4200 8400
    Open Top.  Values     12000 to 22000
    per sq ft top surface      Btu/ea
Stoves, Short Order-- Man. Ring type burners 11000 3300 3300 6600
    Closed Top.  Values     10000 to 12000
    per sq ft top surface      Btu/ea
Toaster, Continuous 15×15×28H Auto. 2 Slices wide--

    360 slices/hr 12000 10000 7700 3300 11000
STEAM HEATED

Coffee Urn--3 gal 15 Dia×34H Auto. Black finish 2900 1900 4800
                  --3 gal 12×23 oval×21H Auto. Nickel plated 2400 1600 4000
                  --5 gal 18 Dia×37H Auto. Nickel plated 3400 2300 5700
Coffee Urn--3 gal 15 Dia×34H Man. Black finish 3100 3100 6200
                  --3 gal 12×23 oval×21H Man. Nickel plated 2600 2600 5200
                  --5 gal 18 Dia×37H Man. Nickel plated 3700 3700 7400
Food Warmer, per sq ft
      top surface Auto. 400 500 900
Food Warmer, per sq ft
      top surface Man. 450 1150 1500

                  *If properly designed positive exhaust hood is used, multiply recommended value by. 50.
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                                                 TABLE 52-HEAT GAIN FROM MISCELLANEOUS APPLIANCES
NOT HOODED*

RECOM HEAT GAIN FOR AVG USE
TYPE MFR

APPLIANCE OF MAX Sensible Latent Total
CONTROL MISCELLANEOUS DATA RATING Heat Heat Heat

Btu/hr Btu/hr Btu/hr Btu/hr
GAS BURNING

Hair Dryer, Blower Type Fan 165 watts,
   15 amps, 115 volts AC Man.    (low 915 watts, high 1580 watts) 5,370 2,300 400 2,700
Hair Dryer, helmet type, Fan 80 watts,
   6.5 amps, 115 volts AC Man.    (low 300 watts, high 710 watts) 2,400 1,870 330 2,200
Permanent Wave Machine 60 heaters at 25 watts each,

Man.    36 in normal use 5,100 850 150 1,000
Pressurized Instrument
   Washer and Sterilizer 11”×11”×22” 12,000 23,460 35,460
Neon Sign, per 1/2” outside dia 30 30
   Linear ft tube 3/8” outside dia 60 60
Solution and/or 18”×30”×72” 1,200 3,000 4,200
   Blanket Warmer 18”×24”×72” 1,050 2,400 3,450
Sterilizer Auto. 16”×24” 9,600 8,700 18,300
   Dressing Auto. 20”×36” 23,300 24,000 47,300
Sterilizer, Rectangular Bulk Auto. 24”×24”×36” 34,800 21,000 55,800

Auto. 24”×24”×48” 41,700 27,000 68,700
Auto. 24”×36”×48” 56,200 36,000 92,200
Auto. 24”×36”×60” 68,500 45,000 113,500
Auto. 36”×42”×84” 161,700 97,500 259,200
Auto. 42”×48”×96” 184,000 140,000 324,000
Auto. 48”×54”×96” 210,000 180,000 390,000

Sterilizer, Water Auto. 10 gallon 4,100 16,500 20,600
Auto. 15 gallon 6,100 24,600 30,700

Sterilizer, Instrument Auto.   6”×8”×17” 2,700 2,400 5,100
Auto.   9”×10”×20” 5,100 3,900 9,000
Auto. 10”×12”×22” 8,100 5,900 14,000
Auto. 10”×12”×36” 10,200 9,400 19,600
Auto. 12”×16”×24” 9,200 8,600 17,800

Sterilizer, Utensil Auto. 16”×16”×24” 10,600 20,400 31,000
Auto. 20”×20”×24” 12,300 25,600 37,900

Sterilizer, Hot Air Auto. Model 120 Amer Sterilizer Co 2,000 4,200 6,200
Auto. Model 100 Amer Sterilizer Co 1,200 2,100 3,300

Water Still 5 gal/hour 1,700 2,700 4,400
X-ray Machines, for Physicians and Dentists office None None None
   making pictures
X-ray Machines, Heat load may be appreciable--
   for therapy    write mfg for data

GAS BURNING
Burner, Laboratory  7/16 dia barrel with
   small bunsen Man. manufactured gas 1,800 960 240 1,200
   small bunsen Man. 7/16 dia with nat gas 3,000 1,680 420 2,100
   fishtail burner Man. 7/16 dia with not gas 3,500 1,960 490 2,450
   fishtail burner Man. 7/16 dia bar with not gas 5,500 3,080 770 3,850
   large bunsen Man. 1 ½ dia mouth, adj orifice 6,000 3,350 850 4,200
Cigar Lighter Man. Continuous flame type 2,500 900 100 1,000
Hair Dryer System Consists of heater & fan which
     5 helmets Auto.    blows hot air thru duct system to 33,000 15,000 4,000 19,000
   10 helmets Auto.    helmets 21,000 6,000 27,000

                  *If properly designed positive exhaust hood is used, multiply recommended value by. 50.
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Example 2-Restaurant
Given:
    A restaurant with the following electric appliances 

with a properly designed positive exhaust hood on 
each:

  1. Two 5-gallon coffee urns, both used in the morning, only one
used either in the afternoon or evening.

  2. One 20 sq ft food warner without plate warmer.
  3. Two 24 × 20 × 10 inch frying griddles.
  4. One 4-slice pop-up toaster, used only in the morning.
  5. Two 25 lb deep fat, fry kettles.

Find:
   Heat gain from these appliances during the afternoon and
   evening meal.
Solution:
   Use Table 50.                                                  Sensible Latent

  1. Coffee Urn-only one in use:
Sensible heat gain = 3400 × .50 = 1700
Latent heat gain = 2300 × .50 = 1150

  2. Food Warmer:
Sensible heat gain =20 × 200 × .50= 2000
Latent heat gain =20 × 350 × .50= 3500

  3. Frying Griddles:
Sensible heat gain =2×5300×.50 = 5300
Latent heat gain =2×2900×.50 = 2900

  4. Toaster—not in use
  5. Fry Kettles:

Sensible heat gain =2 × 3800 × .50 = 3800
Latent heat gain =2 × 5700 × .50 = 5700

Total sensible heat gain = 12,800
Total latent heat gain = 13,250

ELECTRIC MOTORS
    Electric motors contribute sensible heat to a space
by converting the electrical power input to heat. Some of
this power input is dissipated as heat in the motor frame
and can be evaluated as

input × (1 - motor eff).
    The rest of the power input (brake horsepower or
motor output) is dissipated by the driven machine and in
the drive mechanism.   The driven machine utilizes this
motor output to do work which may or may not result in a
heat gain to the space.
     Motors driving fans and pumps: The power input
increases the pressure and velocity of the fluid and the
temperature of the fluid.
     The increased energy level in the fluid is
degenerated in pressure drop throughout the system and
appears as a heat gain to the fluid at the point where
pressure drop occurs. This heat gain does not appear as
a temperature rise because, as the pressure reduces, the
fluid expands. The fluid expansion is a cooling process
which exactly offsets the heat generated by friction. The

heat of compression required to increase the energy level
is generated at the fan or pump and is a heat gain at this
point.
    If the fluid is conveyed outside of the air conditioned
space, only the inefficiency of the motor driving fan or
pump should be included in room sensible heat gain.
     If the temperature of the fluid is maintained by a
separate source, these heat gains to the fluid heat of
compression are a load on this separate source only.
     The heat gain or loss from the system should be
calculated separately (“System Heat Gain,” p. 110).
     Motors driving process machinery (lathe, punch
press, etc.): The total power input to the machine is
dissipated as heat at the machine. If the product is
removed from the conditioned space at a higher
temperature than it came in, some of the heat input into
the machine is removed and should not be considered a
heat gain to the conditioned space. The heat added to a
product is determined by multiplying the number of
pounds of material handled per hour by the specific heat
and temperature rise.
Basis of Table 53

- Heat Gain from Electric Motors
    Table 53 is based on average efficiencies of squirrel
cage induction open type integral horsepower and
fractional horsepower motors. Power supply for fractional
horsepower motors is 110 or 220 volts, 60 cycle, single
phase; for integral horsepower motors, 208, 220, or 440
volts, 60 cycle, 2 or 3 phase general purpose and
constant speed, 1160 or 1750 rpm.  This table may also
be applied with reasonable accuracy to 50 cycle, single
phase a-c, 50 and 60 cycle enclosed and fractional
horsepower polyphase motors.
Use of Table 53

- Heat Gain from Electric Motors
     The data in Table 53 includes the heat gain from
electric motors and their driven machines when both the
motor and the driven machine are in the conditioned
space, or when only the driven machine is in the
conditioned space, or when only the motor is in the
conditioned space.
Caution: The power input to electric motors does not

necessarily equal the rated horsepower
divided by the motor efficiency.  Frequently
these motors may be operating under a
continuous overload, or may be operating at
less than rated capacity.  It is always advisable
to measure the power input wherever possible.
This is especially important in estimates for
industrial installations where the motor-machine
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load is normally a major portion of the cooling
load.

When reading are obtained directly in watts and
when both motors and driven machines are in the air
conditioned space, the heat gain is equal to the number
of watts times the factor 3.4 Btu/(watt)(hr).
    When the machine is in the conditioned space and
the motor outside, multiply the watts by the motor
efficiency and by the factor 3.4 to determine heat gain to
the space.

    When the machine is outside the conditioned space,
multiply the watts by one minus the motor efficiency and
by the factor 3.4.

Although the results are less accurate, it may be
expedient to obtain power input measurements using a
clamp-on ammeter and voltmeter. These instruments
permit instantaneous readings only. They afford means
for determining the load factor but the usage factor must
be obtained by a careful investigation of the operating
conditions.

TABLE 53-HEAT GAIN FROM ELECTRIC MOTORS
CONTINUOUS OPERATION*

LOCATION OF EQUIPMENT WITH RESPECT TO
CONDITIONED SPACE OR AIR STREAM‡

NAMEPLATE† FULL LOAD Motor In- Motor Out- Motor In-
OR MOTOR Driven Machine in Driven Machine in Driven Machine out

BRAKE EFFICIENCY HP×2545 HP×2545 HP×2545 (1-% Eff)
HORSEPOWER PERCENT % Eff % Eff

Btu per Hour1/20 40        320       130     1901/12 49        430        210      2201/8 55        580        320      2601/6 60        710        430      2801/4 64     1,000        640      3601/3 66     1,290        850      4401/2 70     1,820     1,280      5403/4 72     2,680     1,930      750
1 79     3,220     2,540      680

1 1/2 80     4,770     3,820      950
2 80     6,380     5,100   1,280
3 81     9,450     7,650   1,800
5 82   15,600   12,800   2,800

7 1/2 85   22,500   19,100   3,400
10 85   30,000   25,500   4,500
15 86   44,500   38,200   6,300
20 87   58,500   51,000   7,500
25 88   72,400   63,600   8,800
30 89   85,800   76,400   9,400
40 89 115,000 102,000 13,000
50 89 143,000 127,000 16,000
60 89 172,000 153,000 19,000
75 90 212,000 191,000 21,000
100 90 284,000 255,000 29,000
125 90 354,000 318,000 36,000
150 91 420,000 382,000 38,000
200 91 560,000 510,000 50,000
250 91 700,000 636,000 64,000

                               *For intermittent operation, an appropriate usage factor should be used, preferably measured.
          †If motors are overloaded and amount of overloading is unknown, multiply the above heat gain factors by the following 

maximum service factors:
Maximum Service Factors

Horsepower 1/20 - 1/8
1/6 - 1/3

1/2 - 3/4 1 1 1/2 - 2 3 - 250
AC Open Type 1.4 1.35 1.25 1.25 1.20 1.15
DC Open Type -- -- -- 1.15 1.15 1.15

        No overload is allowable with enclosed motors
            ‡For a fan or pump in air conditioned space, exhausting air and pumping fluid to outside of space, use values in last column.
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    The following is a conversion table which can be
used to determine load factors from measurements:

TO FIND HP KILOWATTS→ OUTPUT INPUT
Direct I×E×eff I×E

Current 746 1,000
1 I×E×pf×eff I×E×pf

Phase 746 1,000
3 or 4 Wire I×E×pf×eff×1.73 I×E×pf×1.73

3 Phase 746 1,000
4 Wire I×E×pf×eff×2 I×E×2×pf

2 Phase 746 1,000
        Where I = amperes eff = efficiency

E = volts pf = power factor
NOTE: For 2 phase, 3 wire circuit, common conductor current
            is 1.41 times that in either of the other two conductors.
Example 3-Electric Motor Heat Gain in a Factory
                 (Motor Bhp Established by a Survey)
Given:

1. Forty-five 10 hp motors operated at 80% rated capacity,
driving various types of machines located within air
conditioned space (lathes, screw machines, etc.).
Five 10 hp motors operated at 80% rated capacity, driving
screw machines, each handling 5000 lbs of bronze per hr.
Both the final product and the shaving from the screw
machines are removed from the space on conveyor belts.
Rise in bronze temperature is 30 F; sp ht is .01 Btu/(lb) (F).

2. Ten 5 hp motors (5 bhp) driving fans, exhausting air to the
outdoors.

3. Three 20 hp motors (20 bhp) driving process water pumps,
water discarded outdoors.

Find:
     Total heat gain from motors.
Solution:

Use Table 53.                                            Sensible Heat Gain
                                                                                      Btu/hr

1. Machines-Heat gain to space
   = 45 × 30,000 × .80= 1,080,000
Heat gain from screw machines
   = 5 × 30,000 × .80 = 120,000 Btu/hr
Heat removed from space from
screw machine work
   = 5000 × 5 × 30 × .01 = 7,500 Btu/hr
Net heat gain from screw machines
to space
   = 120,000 – 7500 = 112,500

2. Fan exhausting air to the outdoors:
     Heat gain to space = 10 × 2800 = 28,000

3. Process water pumped to outside
air conditioned space
     Heat gain to space =3 × 7500 22,500

Total heat gain from motors on
machines, fans, and pumps = 1,243,000

NOTE: If the process water were to be recirculated and cooled in

the circuit from an outside source, the heat gain to the
water
   3 × (58,500 - 7500) = 153,000 Btu/hr
would become a load on this outside source.

PIPING, TANKS AND EVAPORATION OF WATER
FROM A FREE SURFACE
     Hot pipes and tanks add sensible heat to a space by
convection and radiation. Conversely, cold pipes remove
sensible heat. All open tanks containing hot water
contribute not only sensible heat but also latent heat due
to evaporation.
    In industrial plants, furnaces or dryers are often
encountered. These contribute sensible heat to the space
by convection and radiation from the outside surfaces,
and frequently dryers also contribute sensible and latent
heat from the drying process.
Basis of Tables 54 thru 58

- Heat Gain from Piping, Tanks and Evaporation of 
  Water

     Table 54 is based on nominal flow in the pipe and a
convection heat flow from a horizontal pipe of--

              × (temp diff between hot water or steam and
                   room).
     The radiation from horizontal pipes is expressed by-

      where  T1      = room surface temp, deg R
                 T2    = pipe surface temp, deg R
     Tables 55 and 56 are based on the same equation
and an insulation resistance of approximately 2.5 per inch
of thickness for 85% magnesia and 2.9 per inch of
thickness with moulded type.
Caution: Table 55 and 56 do not include an allowance

for fittings.  A safety factor of 10% should be
added for pipe runs having numerous fittings.

     Table 57 is based on an emissivity of 0.9 for painted
metal and painted or bare wood and concrete.  The
emissivity of chrome, bright nickel plate, stainless steel,
or galvanized iron is 0.4.  The resistance (r) of wood is
0.833 per inch and of concrete 0.08 per inch.  The metal
surface temperature has been assumed equal to the
water temperature.
NOTE:  The heat gain from furnaces and ovens can be
             estimated from Table 57, using the outside
             temperature of furnace and oven.

1.016 X (        ) X (        )Dia
1

T1

1.2 .181

17.23 x 10–10 x emissivity x (T1  – T2  )4 4
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     Table 58 is based on the following formula for still air:
Heat of evaporation = 95 (vapor pressure differential
between water and air), where vapor pressure is
expressed in inches of mercury, and the room conditions
are 75 F db and 50% rh.
Use of Tables 54 thru 58

- Heat Gain from Piping, Tanks and Evaporation
     of Water

Example 4-Heat Gain from Hot Water Pipe and
                  Storage Tank
Given:
     Room conditions – 75 F db, 50% rh
     50 ft of 10-inch uninsulated hot water (125 F) pipe.
     The hot water is stored in a 10 ft wide x 20 ft long x 10 ft high,

painted metal tank with the top open to the atmosphere. The
tank is supported on open steel framework.

Find:
     Sensible and latent heat gain
Solution:

Use Tables 54, 57 and 58 Btu/hr
Piping-Sensible heat gain = 50 × 50 × 4.76 = 11,900
Tank - Sensible heat gain, sides

        = (20 × 10 × 2) + (10 × 10 × 2)
                 × 50 × 1.8 = 54,000
             - Sensible heat gain, bottom
        = (20×10) ×50×1.5= 15,000
        Total sensible heat gain = 80,900
        Total latent heat gain, top =(20 × 10) × 330 = 66,000

STEAM
    When steam is escaping into the conditioned space,
the room sensible heat gain is only that heat represented
by the difference in heat content of steam at the steam
temperature and at the room drybulb temperature (lb/hr ×
temp dift × .45). The latent heat gain is equal to the
pounds per hour escaping times 1050 Btu/lb.
MOISTURE ABSORPTION
    When moisture (regain) is absorbed by hygroscopic
materials, sensible heat is added to the space. The heat
so gained is equal to the latent heat of vaporization which
is approximately 1050 Btu/lb times the pounds of water
absorbed.  This sensible heat is an addition to room
sensible heat, and a deduction from room latent heat if
the hygroscopic materials is removed from the
conditioned space.
LATENT HEAT GAIN - CREDIT TO ROOM
SENSIBLE HEAT
    Some forms of latent heat gain reduce room sensible
heat. Moisture evaporating at the room wet-bulb
temperature (not heated or cooled from external source)
utilizes room sensible heat for heat of evaporation. This
form of latent heat gain should be deducted from room
sensible heat and added to room latent heat. This does
not change the total room heat gain, but may have
considerable effect on the sensible heat factor.
    When the evaporation of moisture derives its heat
from another source such as steam or electric heating
coils, only the latent heat gain to the room is figured; room
sensible heat is not reduced. The power input to the
steam or electric coils balances the heat of evaporation
except for the initial warmup of the water.

TABLE 54-HEAT TRANSMISSION COEFFICIENTS FOR BARE STEEL PIPES
Btu/(hr) (linear ft) (deg F diff between pipe and surrounding air)

NOMINAL HOT WATER STEAM
PIPE 5 psig 50 psig 100 psig
SIZE 120 F 150 F 180 F 210 F 227 F 300 F 338 F
(in.) TEMPERATURE DIFFERENCE*

50 F 80 F 110 F 140 F 157 F 230 F 268 F1/2 0.46 0.50 0.55 0.58 0.61 0.71 0.763/4 0.56 0.61 0.67 0.72 0.75 0.87 0.93
1 0.68 0.74 0.82 0.88 0.92 1.07 1.15

11/4 0.85 0.92 1.01 1.09 1.14 1.32 1.43
11/2 0.96 1.04 1.15 1.23 1.29 1.49 1.63
2 1.18 1.28 1.41 1.51 1.58 1.84 1.99

21/2 1.40 1.53 1.68 1.80 1.88 2.19 2.36
3 1.68 1.83 2.01 2.15 2.26 2.63 2.84

31/2 1.90 2.06 2.22 2.43 2.55 2.97 3.22
4 2.12 2.30 2.53 2.72 2.85 3.32 3.59
5 2.58 2.80 3.08 3.30 3.47 4.05 4.39
6 3.04 3.29 3.63 3.89 4.07 4.77 5.16
8 3.88 4.22 4.64 4.96 5.21 6.10 6.61
10 4.76 5.18 5.68 6.09 6.41 7.49 8.12
12 5.59 6.07 6.67 7.15 7.50 8.80 9.53

*At 70 F db room temperature
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TABLE 55-HEAT TRANSMISSION COEFFICIENTS FOR INSULATED PIPES*
Btu/(hr) (linear ft) (deg F diff between pipe and room)

IRON PIPE 85 PERCENT MAGNESIA INSULATION†
SIZE
(In.) 1 In. Thick 1½ In. Thick 2 In. Thick1/2 0.16 0.14 0.123/4 0.18 0.15 0.13

1 0.20 0.17 0.15
11/4 0.24 0.20 0.17
11/2 0.26 0.21 0.18
2 0.30 0.24 0.21

21/2 0.35 0.27 0.24
3 0.40 0.32 0.27

31/2 0.45 0.35 0.30
4 0.49 0.38 0.32
5 0.59 0.45 0.38
6 0.68 0.52 0.43
8 0.85 0.65 0.53
10 1.04 0.78 0.64
12 1.22 0.90 0.73 * No allowance for fittings. This table applies only to straight runs of pipe.

When numerous fittings exists, a suitable safely factor must be included. This
added heat gain at the fittings may be as much as 10%. Generally this table
can be used without adding this safety factor.

†Other insulation. If other types of insulation are used, multiply the above
values by the factors shown in the following table:

MATERIAL PIPE COVERING FACTORS
Corrugated Asbestos (Air Cell)
   4 Ply per inch 1.36
   6 Ply per inch 1.23
   8 Ply per inch 1.19
Laminated Asbestos (Sponge Felt) 0.98
Mineral Wool 1.00
Diatomaceous Silica (Super-X) 1.36
Brown Asbestos Fiber (Wool Felt) 0.88

TABLE 56-HEAT TRANSMISSION COEFFICIENTS FOR INSULATED COLD PIPES*
MOULDED TYPE†

Btu/(hr) (linear ft) (deg F diff between pipe and room)
ICE WATER BRINE HEAVY BRINE

IRON PIPE SIZE Actual Thickness Actual Thickness Actual Thickness
(in.) of Insulation (In.) Coefficient of Insulation (In.) Coefficient of Insulation (In.) Coefficient1/2 1.5 0.11 2.0 0.10 2.8 0.093/4 1.6 0.12 2.0 0.11 2.9 0.09

1 1.6 0.14 2.0 0.12 3.0 0.10
11/4 1.6 0.16 2.4 0.13 3.1 0.11
11/2 1.5 0.17 2.5 0.13 3.2 0.12
2 1.5 0.20 2.5 0.15 3.3 0.13

21/2 1.5 0.23 2.6 0.17 3.3 0.15
3 1.5 0.27 2.7 0.19 3.4 0.16

31/2 1.5 0.29 2.9 0.19 3.5 0.18
4 1.7 0.30 2.9 0.21 3.7 0.18
5 1.7 0.35 3.0 0.24 3.9 0.20
6 1.7 0.40 3.0 0.26 4.0 0.23
8 1.9 0.46 3.0 0.32 4.0 0.26
10 1.9 0.56 3.0 0.38 4.0 0.31
12 1.9 0.65 3.0 0.44 4.0 0.36

       *No allowance for fittings. This table applies only to straight runs of pipe. When numerous fittings exist, a suitable safety factor must be
         included. This added heat gain at the fitting may be as much as 10%. Generally this table can be used without adding this safety factor.
      †Insulation material.  Values in this table are based on a material having a conductivity k=0.30. However, a 15% safety factor was added
         to this k value to compensate for seams and imperfect workmanship. The table applies to either cork covering (k=0.29), or mineral wool
         board (k = 0.32). The thickness given above is for molded mineral wool board which is usually some 5 to 10% greater than molded cork board.
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TABLE 57-HEAT TRANSMISSION COEFFICIENTS FOR UNINSULATED TANKS
SENSIBLE HEAT GAIN*

Btu/(hr) (sq ft) (deg F diff between liquid and room)
METAL WOOD CONCRETE

2½ in. Thick 6 in. Thick
CONSTRUCTION Painted Bright (Nickel) Painted or Bare Painted or Bare

Temp Diff Temp Diff Temp Diff Temp Diff
50 F 100 F 150 F 200 F 50 F 100 F 150 F 200 F 50 F 100 F 150 F 200 F 50 F 100 F 150 F 200 F

Vertical (Sides) 1.8 2.0 2.3 2.6 1.3 1.7 1.6 1.7 .37 .37 .37 .37 .91 .93 .96 .97
Top 2.1 2.4 2.7 2.9 1.6 1.4 1.9 2.1 .38 .38 .38 .38 .99 1.0 1.0 1.1
Bottom 1.5 1.7 2.0 2.2 0.97 1.1 1.3 1.4 .35 .36 .36 .36 .83 .86 .88 .90

                  *To estimate latent heat load if water is being evaporated, see Table 58

TABLE 58-EVAPORATION FROM A FREE WATER SURFACE-LATENT HEAT GAIN
STILL AIR, ROOM AT 75 F db, 50% RH

WATER TEMP 75 F 100 F 125 F 150 F 175 F 200 F
Btu/(hr) (sq ft) 42 140 330 680 1260 2190

  
SYSTEM HEAT GAIN
     The system heat gain is considered as the heat
added to or lost by the system components, such as the
ducts, piping, air conditioning fan, and pump, etc. This
heat gain must be estimated and included in the load
estimate but can be accurately evaluated only after the
system has been designed.
SUPPLY AIR DUCT HEAT GAIN
     The supply duct normally has 50 F db to 60 F db air
flowing through it. The duct may pass through an
unconditioned space having a temperature of, say, 90 F
db and up. This results in a heat gain to the duct before it
reaches the space to be conditioned. This, in effect,
reduces the cooling capacity of the conditioned air. To
compensate for it, the cooling capacity of the air quantity
must be increased. It is recommended that long runs of
ducts in unconditioned spaces be insulated to minimize
heat gain.
Basis or Chart 3
-  Percent Room Sensible Heat to be Added for Heat
   Gain to Supply Duct
    Chart 3 is based on a difference of 30 F db between
supply air and unconditioned space, a supply duct
velocity of 1800 fpm in a quare duct, still air on the
outside of the duct and a supply air rise of 17 F db.

Correction factors for different room temperatures, duct
velocities and temperature differences are included
below Chart 3. Values are plotted for use with
uninsulated, furred and insulated ducts.
Use of Chart 3
-- Percent Room Sensible Heat to be Added for Heat

Gain to Supply Duct
     To use this chart, evaluate the length of duct running
thru the unconditioned space, the temperature of
unconditioned space, the duct velocity, the supply air
temperature, and room sensible heat subtotal.
Example 5- Heat Gain to Supply Duct
Given:
     20 ft of uninsulated duct in unconditioned space at 100 F db
     Duct velocity – 2000 fpm
     Supply air temperature – 60 F db
     Room sensible heat gain – 100,000 Btu/hr
Find:
     Percent addition to room sensible heat
Solution:
     The supply air to unconditioned space temperature difference 

= 100 – 60 = 40 F db
     From Chart 3, percent addition = 4.5%
     Correction for 40 F db temperature difference and 2000 fpm 

duct velocity = 1.26
     Actual percent addition = 4.5 × 1.26 = 5.7%
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CHART 3- HEAT GAIN TO SUPPLY DUCT
Percent of Room Sensible Heat

SUPPLY AIR DUCT LEAKAGE LOSS
   Air leakage from the supply duct may be a serious
loss of cooling effect, except when it leaks into the
conditioned space. This loss of cooling effect must be
added to the room sensible and latent heat load.
    Experience indicates that the average air leakage
from the entire length of low velocity supply ducts,
whether large or small systems, averages around 10% of
the supply air quantity. Smaller leakage per foot of length
for larger perimeter ducts appears to be counterbalanced
by the longer length of run. Individual workmanship is the

greatest variable, and duct leakages from 5% to 30%
have been found. The following is a guide to the
evaluation of duct leakages under various conditions:

1. Bare ducts within conditioned space-usually
not necessary to figure leakage.

2. Furred or insulated ducts within conditioned
space-a matter of judgment, depending on
whether the leakage air actually gets into the
room.
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TABLE 59- HEAT GAIN FROM AIR CONDITIONING FAN HORSEPOWER, DRAW-THRU SYSTEM‡‡‡‡‡‡‡‡

FAN CENTRAL STATION SYSTEMS‡ APPLIED OR UNITARY SYSTEM**
TOTAL

PRESSURE† Temp Diff Temp Diff
(In. Room to Supply Air Room to Supply Air

of Water) 10 F 15 F 20 F 25 F 30 F 10 F 15 F 20 F 25 F 30 F
PERCENT OF ROOM SENSIBLE HEAT*

0.50 1.2 0.8 0.6 0.5 0.4 2.2 1.5 1.1 0.9 0.7
0.75 1.9 1.3 1.0 0.8 0.6 3.5 2.4 1.8 1.4 1.2
1.00 2.7 1.8 1.4 1.1 0.9 4.8 3.2 2.4 1.9 1.6

Fan Motor 1.25 3.9 2.6 1.9 1.6 1.3 6.5 4.3 3.2 2.6 2.2
Not in 1.50 4.6 3.1 2.3 1.9 1.6 7.8 5.2 3.9 3.1 2.6

Conditioned 1.75 5.4 3.6 2.7 2.2 1.8 9.1 6.1 4.6 3.6 3.0
Space 2.00 6.2 4.1 3.1 2.5 2.1 10.4 6.9 5.2 4.2 3.5

or 3.00 10.4 6.9 5.2 4.2 3.5 16.7 11.2 8.4 6.7 5.6
Air Stream 4.00 15.3 10.2 7.7 6.1 5.1

5.00 19.2 12.8 9.6 7.7 6.4
6.00 24.4 16.3 12.2 9.9 8.2
8.00 38.0 25.4 19.0 15.2 12.7
0.50 1.6 1.1 0.8 0.6 0.5 2.7 1.8 1.4 1.1 0.9
0.75 2.6 1.8 1.3 1.1 0.9 4.2 2.8 2.1 1.7 1.4
1.00 3.6 2.4 1.8 1.5 1.2 5.8 3.8 2.9 2.3 1.9

Fan Motor†† 1.25 5.0 3.4 2.5 2.0 1.7 7.6 5.1 3.8 3.1 2.6
in 1.50 6.0 4.0 3.0 2.4 2.0 9.2 6.1 4.6 3.7 3.1

Conditioned 1.75 7.0 4.7 3.5 2.8 2.4 10.7 7.2 5.4 4.3 3.6
Space 2.00 8.0 5.4 4.0 3.2 2.7 12.2 8.2 6.1 4.9 4.1

or 3.00 13.2 8.8 6.6 5.3 4.4 19.5 13.1 9.8 7.8 6.5
Air Stream 4.00 19.0 12.7 9.5 7.6 6.4

5.00 23.8 15.9 11.9 9.5 8.0
6.00 30.0 20.0 15.0 12.0 10.0
8.00 45.5 30.3 22.8 18.2 15.2

                       *Excludes from heat gain, typical values for bearing losses, etc. which are dissipated in apparatus room.
                      †Fan Total Pressure equals fan static pressure plus velocity pressure at fan discharge.  Below 1200 fpm the fan total pressure
                         is approximately equal to the fan static.  Above 1200 fpm the total pressure should be figured.
                     ‡70% fan efficiency assumed.
                     **50% fan efficiency assumed.
                  ††80% motor and drive efficiency assumed.
                   ‡‡For draw-thru systems, this heat is an addition to the supply air heat gain and is added to the room sensible heat.  For
                         blow-thru systems this fan heat is added to the grand total heat; use the RSH times the percent listed and add to the GTH.

3. All ducts outside the conditioned space-
assume 10% leakage. This leakage is a total
loss and the full amount must be included.
When only part of the supply duct is outside
the conditioned space, include that fraction of
10% as the leakage.  (Fraction is ratio of length
outside of conditioned space to total length of
supply duct.)

High velocity systems usually limit leakage to 1%.
HEAT GAIN FROM AIR CONDITIONING
FAN HORSEPOWER
     The inefficiency of the air conditioning equipment fan
and the heat of compression adds heat to the system as
described under “Electric Motors.”  In the case of draw-
through systems, this heat is an addition to the supply air
heat gain and should be added to the room sensible

heat. With blow-through systems (fan blowing air through
the coil, etc.) the fan heat added is a load on the
dehumidifier and, therefore, should be added to the
grand total heat (see “Percent Addition to Grand Total
Heat”).

Basis of Table 59
Heat Gain from Air Conditioning Fan Horsepower

    The air conditioning fan adds heat to the system in
the following manner:

1. Immediate temperature rise in the air due to
the inefficiency of the fan.

2. Energy gain in the air as a pressure and/or
velocity rise.
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3. With the motor and drive in the air stream or
conditioned space, the heat generated by the
inefficiency of the motor and drive is also an
immediate heat gain.

      The fan efficiencies are about 70% for central station
type fans and about 50% for packaged equipment fans.
Use of Table 59
-- Heat Gain from Air Conditioning Fan Horsepower
     The approximate system pressure loss and
dehumidified air rise (room minus supply air temperature)
differential must be estimated from the system
characteristics and type of application. These should be
checked from the final system design.
     The normal comfort application has a dehumidified
air rise of between 15 F db and 25 F db and the fan total
pressure depends on the amount of ductwork involved,
the number of fittings (elbows, etc.) in the ductwork and
the type of air distribution system used. Normally, the fan
total pressure can be approximated as follows:

1. No ductwork (packaged equipment) – 0.5 to
1.00 inches of water.

2. Moderate amount of ductwork, low velocity
systems - 0.75 to 1.50 inches of water.

3. Considerable ductwork, low velocity system-
1.25 to 2.00 inches of water.

4. Moderate amount of ductwork, high pressure
system - 2.00 to 4.00 inches of water.

5. Considerable ductwork, high pressure system
– 3.00 to 6.00 inches of water.

Example 6- Heat Gain from Air Conditioning Fan
                   Horsepower
Given:
     Same data as Example 5
     80 ft of supply duct in conditioned space
Find:
     Percent addition to room sensible heat.
Solution:
     Assume 1.50 inches of water, fan total pressure, and
     20 F db dehumidifer rise. Refer to Table 59.
     Heat gain from fan horsepower = 2.3%

SAFETY FACTOR AND PERCENT ADDITIONS TO
ROOM SENSIBLE AND LATENT HEAT
     A safety factor to be added to the room sensible heat
sub-total should be considered as strictly a factor of
probable error in the survey or estimate, and should
usually be between 0% and 5%.
    The total room sensible heat is the sub-total plus
percentage additions to allow for (1) supply duct heat
gain, (2) supply duct leakage losses, (3) fan horsepower

and (4) safety factor, as explained in the preceding
paragraph.
Example 7-Percent Addition to Room Sensible Heat
Given:
     Same data as Examples 5 and 6
Find:
     Percent addition to room sensible heat gain sub-total
Solution:
     Supply duct heat gain =    5.7%
     Supply duct leakage (20 ft duct of total 100 ft) =    2.0%
     Fan horsepower =    2.3%
     Safety factor =    0.0%

Total percent addition to RSH =  10.0%

    The percent additions to room latent heat for supply
duct leakage loss and safety factor should be the same
as the corresponding percent additions to room sensible
heat.
RETURN AIR DUCT HEAT AND LEAKAGE GAIN
     The evaluation of heat and leakage effects on return
air ducts is made in the same manner as for supply air
ducts, except that the process is reversed; there is
inward gain of hot moist air instead of loss of cooling
effect.
     Chart 3 can be used to approximate heat gain to the
return duct system in terms of percent of RSH, using the
following procedure:

1. Using RSH and the length of return air duct,
use Chart 3 to establish the percent heat gain.

2. Use the multiplying factor from table below
Chart 3 to adjust the percent heat gain for
actual temperature difference between the air
surrounding the return air duct and the air
inside the duct, and also for the actual velocity.

3. Multiply the resulting percentage of heat gain
by the ratio of RSH to GTH.

4. Apply the resulting heat gain percentage to
GTH.

To determine the return air duct leakage, apply the
following reasoning:

1. Bare duct within conditioned space – no in-
leakage.

2. Furred duct within conditioned space or furred
space used for return air – a matter of
judgment, depending on whether the furred
space may connect to unconditioned space.
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TABLE 60-HEAT GAIN FROM DEHUMIDIFIER PUMP HORSEPOWER

SMALL PUMPS* 0-100 GPM LARGE PUMPS† 100 GPM AND LARGER
CHILLED WATER TEMP RISE CHILLED WATER TEMP RISE

PUMP HEAD 5 F 7 F 10 F 12 F 15 F 5 F 7 F 10 F 12 F 15 F
(ft) PERCENT OF GRAND TOTAL HEAT
35 2.0 1.5 1.0 1.0 0.5 1.5 1.0 0.5 0.5 0.5
70 3.5 2.5 2.0 1.5 1.0 2.5 2.0 1.5 1.0 1.0
100 5.0 4.0 2.5 2.0 1.5 4.0 3.0 2.0 1.5 1.0

                   *Efficiency 50%                                         †Efficiency 70%

3. Ducts outside conditioned space – assume up
to 3% inleakage, depending on the length of
duct. If there is only a short connection
between conditioned space and apparatus,
inleakage may be disregarded.  If there is a
long run of duct, then apply judgment as to the
amount of inleakage.

HEAT GAIN FROM DEHUMIDIFIER PUMP
HORSEPOWER
     With dehumidifier systems, the horsepower required
to pump the water adds heat to the system as outlined
under “Electric Motors”. This heat will be an addition to
the grand total heat.
Basis of Table 60
-- Heat Gain from Dehumidifier Pump Horsepower
    Table 60 is based on pump efficiencies of 50% for
small pumps and 70% for large pumps.  Small pumps are
considered to have a capacity of less than 100 gallons;
large pumps, more than 100 gallons.
Use of Table 60
-- Heat Gain from Dehumidifier Pump Horsepower
     The chilled water temperature rise in the dehumidifier
and the pump head must be approximated to use Table
60.

1. Large systems with considerable piping and
fitting may require up to 100 ft pump head;
normally, 70 ft head is the average.

2. The normal water temperature rise in the
dehumidifier is between 7 F and 12 F.
Applications using large amounts of water
have a lower rise; those using small amounts of
water have a higher rise.

PERCENT ADDITION TO GRAND TOTAL HEAT
     The percent additions to the grand total heat to
compensate for various external losses consist of heat
and leakage gain to return air ducts, heat gain from the
dehumidifier pump horsepower, and the heat gain to the
dehumidifier and piping system.
     These heat gains can be estimated as follows:

1. Heat and leakage gain to return air ducts, see
above.

2. Heat gain from dehumidifier pump horsepower,
Table 60.

3. Dehumidifier and piping losses:
a. Very little external piping - 1% of GTH.
b. Average external piping  - 2% of GTH.
c. Extensive external piping - 4% of GTH.

4. Blow-through fan system-add percent room
sensible heat from Table 59 to GTH.

5. Dehumidifier in conditioned apparatus room-
reduce the above percentages by one half.
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CHAPTER 8. APPLIED PSYCHROMETRICS
     The preceding chapters contain the practical data to
properly evaluate the heating and cooling loads. They
also recommend outdoor air quantities for ventilation
purposes in areas where state, city or local codes do not
exist.
    This chapter describes practical psychrometrics as
applied to apparatus selection. It is divided into three
parts:

1. Description of terms, processes and factors-as
encountered in normal air conditioning
applications.

2. Air conditioning apparatus-factors affecting
common processes and the effect of these factors
on selection of air conditioning equipment.

3. Psychrometrics of partial load control – the effect of
partial load on equipment selection and on the
common processes.

To help recognize terms, factors and processes
described in this chapter, a brief definition of
psychrometrics is offered at this point, along with an
illustration and definition of terms appearing on a
standard psychrometric chart (Fig. 32).

FIG. 32 – SKELETON PSYCHROMETRIC CHART
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DEFINITION
    Psychrometrics is the science involving thermo-
dynamic properties of moist air and the effect of
atmospheric moisture on materials and human comfort.
As it applies to this chapter, the definition must be
broadened to include the method of controlling the
thermal properties of moist air.
AIR CONDITIONING PROCESSES
     Fig. 33 shows a typical air conditioning process
traced on a psychrometric chart. Outdoor air (2)* is mixed
with return air from the room (1) and enters the apparatus
(3). Air flows through the conditioning apparatus (3-4)
and is supplied to the space (4). The air supplied to the
space moves along line (4-1) as it picks up the room
loads, and the cycle is repeated. Normally most of the air

supplied to the space by the air conditioning system is
returned to the conditioning apparatus. There, it is mixed
with outdoor air required for ventilation. The mixture then
passes thru the apparatus where heat and moisture are
added or removed, as required, to maintain the desired
conditions.
    The selection of proper equipment to accomplish this
conditioning and to control the thermodynamic properties
of the air depends upon a variety of elements. However,
only those which affect the psychrometric properties of air
will be discussed in this chapter. These elements are:
room sensible heat factor (RSHF)†, grand sensible heat
factor (GSHF), effective surface temperature (tes), bypass
factor (BF), and effective sensible heat factor (ESHF).

DESCRIPTION OF TERMS, PROCESSES AND FACTORS
SENSIBLE HEAT FACTOR
     The thermal properties of air can be separated into
latent and sensible heat. The term sensible heat factor is
the ratio of sensible to total heat, where total heat is the
sum of sensible and latent heat. This ratio may be
expressed as:

         where:  SHF  =  sensible heat factor
         SH   =  sensible heat

                       LH   =  latent heat
                       TH   =  total heat
ROOM SENSIBLE HEAT FACTOR (RSHF)
     The room sensible heat factor is the ratio of room
sensible heat to the summation of room sensible and
room latent heat. This ratio is expressed in the following
formula:

RSHF =
     The supply air to a conditioned space must have the
capacity to offset simultaneously both the room sensible
and room latent heat loads. The room and the supply air
conditions to the space may be plotted on the standard
psychrometric chart and these points connected with a
straight line (1-2),
*One italic number in parentheses represents a point, and two italic
  numbers in parentheses represent a line, plotted on the
  accompanying psychrometric chart examples.

Fig. 34. This line represents the psychrometric process of
the supply air within the conditioned space and is called
the room sensible heat factor line.
    The slope of the RSHF line illustrates the ratio of
sensible to latent loads within the space and is illustrated
in Fig. 34 by ∆hs (sensible heat) and ∆h1 (latent heat).
Thus, if adequate air is supplied to offset these room
loads, the room requirements will be satisfied, provided
both the dry-and wet-bulb temperatures of the supply air
fall on this line.

FIG. 34-RSHF LINE PLOTTED BETWEEN ROOM AND
SUPPLY AIR CONDITIONS

†Refer to page 149 for a description of all abbreviations and
   symbols used in this chapter.

SHF  = SH         SH
SH + LH    TH=

RSH            RSH
RSH + RLH      RTH=
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The room sensible heat factor line can also be drawn
on the psychrometric chart without knowing the condition
of supply air. The following procedure illustrates how to
plot this line, using the calculated RSHF, the room design
conditions, the sensible heat factor scale in the upper
right hand corner of the psychrometric chart, and the
alignment circle at 80 F dry-bulb and 50% relative
humidity:

1. Draw a base line thru the alignment circle and the
calculated RSHF shown on the sensible heat factor
scale in the upper right corner of psychrometric
chart (1-2), Fig. 35.

2. Draw the actual room sensible heat factor line thru
the room design conditions parallel to the base line
in Step 1 (3-4), Fig. 35. As shown, this line may be
drawn to the saturation line on the psychrometric
chart.

FIG. 35-RSHF LINE PLOTTED ON SKELETON
PSYCHROMETRIC CHART

GRAND SENSIBLE HEAT FACTOR (GSHF)
   The grand sensible heat factor is the ratio of the total
sensible heat to the grand total heat load that the
conditioning apparatus must handle, including the
outdoor air heat loads. This ratio is determined from the
following equation:
          GSHF  =
    Air passing thru the conditioning apparatus increases
or decreases in temperature and/or moisture content. The
amount of rise or fall is determined by the total sensible
and latent heat loads that the conditioning apparatus
must handle. The condition of the air entering the

apparatus (mixture condition of outdoor and return room
air) and the condition of the air leaving the apparatus may
be plotted on the psychrometric chart and connected by
a straight line (1-2), Fig. 36. This line represents the
psychrometric process of the air as it passes through the
conditioning apparatus, and is referred to as the grand
sensible heat factor line.
     The slope of the GSHF line represents the ratio of
sensible and latent heat that the apparatus must handle.
This is illustrated in Fig. 36 by ∆hs (sensible heat) and ∆h1(latent heat).

FIG. 36-GSHF LINE PLOTTED BETWEEN MIXTURE
CONDITIONS TO APPARATUS AND LEAVING

CONDITION FROM APPARATUS

 The grand sensible heat factor line can be plotted on
the psychrometric chart without knowing the condition of
supply air, in much the same manner as the RSHF line.
Fig. 37, Step 1 (1-2) and Step 2 (3-4) show the
procedure, using the calculated GSHF, the mixture
condition of air to the apparatus, the sensible heat factor
scale, and the alignment circle on the psychrometric
chart. The resulting GSHF line is plotted thru the mixture
conditions of the air to the apparatus.
REQUIRED AIR QUANTITY
   The air quantity required to offset simultaneously the
room sensible and latent loads and the air quantity
required thru the apparatus to handle the total sensible
and latent loads may be calculated, using the conditions
on their respective RSHF and GSHF lines. For a particular
application, when both the RSHF and GSHF ratio lines are
plotted on the psychrometric chart, the intersection of the
two lines (1) Fig. 38, represents the condition of the
supply air to the space. It is also the condition of the air
leaving the apparatus.

TSH          TSH
TLH + TSH     GTH=
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FIG. 37 – GSHF LINE PLOTTED ON SKELETON
PSYCHROMETRIC CHART

FIG. 38 – RSHF AND GSHF LINES PLOTTED ON
SKELETON PSYCHROMETRIC CHART

    This neglects fan and duct heat gain, duct leakage
losses, etc. In actual practice, these heat gains and
losses are taken into account in estimating the cooling
load. Chapter 7 gives the necessary data for evaluating
these supplementary loads. Therefore, the temperature of
the air leaving the apparatus is not necessarily equal to
the temperature of the air supplied to the space as
indicated in Fig. 38.
    Fig. 39 illustrates what actually happens when these
supplementary loads are considered in plotting the RSHF
and GSHF lines.

    Point (1) is the condition of air leaving the apparatus
and point (2) is the condition of supply air to the space.
Line (1-2) represents the temperature rise of the air
stream resulting from fan horsepower and heat gain to the
duct.

FIG. 39-RSHF AND GSHF LINES PLOTTED
WITH SUPPLEMENTARY LOAD LINE

     The air quantity required to satisfy the room load may
be calculated from the following equation:

     The air quantity required thru the conditioning
apparatus to satisfy the total air conditioning load
(including the supplementary loads) is calculated from
the following equation:

     The required air quantity supplied to the space is
equal to the air quantity required thru the apparatus,
neglecting leakage losses. The above equation contains
the term tm which is the mixture condition of air entering
the apparatus. With the exception of an all outdoor air
application, the term tm can only be determined by trial
and error.
     One possible procedure to determine the mixture
temperature and the air quantities is outlined below. This
procedure illustrates one method of apparatus selection

1.08(trm – tsa)
RSHcfmsa =

1.08(tm – tldb)
TSHcfmda =
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and is presented to show how cumbersome and time
consuming it may be.

1. Assume a rise (trm-tsa) in the supply air to the space,
and calculate the supply air quantity (cfmsa) to the
space.

2. Use this air quantity to calculate the mixture
condition of the air (tm) to the space, (Equation 1,
page 150).

3. Substitute this supply air quantity and mixture
condition of the air in the formula for air quantity
thru the apparatus (cfmda) and determine the
leaving condition of the air from the conditioning
apparatus (tldb).4. The rise between the leaving condition from the
apparatus and supply air condition to the space
(tsa-t1db) must be able to handle the supplementary
loads (duct heat gain and fan heat). These
temperatures (t1db, tsa) may be plotted on their
respective GSHF and RSHF lines (Fig. 39) to
determine if these conditions can handle the
supplementary loads. If they cannot, a new rise in
supply air is assumed and the trial-and-error
procedure repeated.

     In a normal, well designed, tight system this
difference in supply air temperature and the condition of
the air leaving the apparatus (tsa-t1db) is usually not more
than a few degrees. To simplify the discussion on the
interrelationship of RSHF and GSHF, the supplementary
loads have been neglected in the various discussions,
formulas and problems in the remainder of this chapter.
It can not be over-emphasized, however, that these
supplementary loads must be recognized when
estimating the cooling and heating loads.  These loads
are taken into account on the air conditioning load
estimate in Chapter 1, and are evaluated in Chapter 7.
     The RSHF ratio will be constant (at full load) under a
specified set of conditions; however, the GSHF ratio may
increase or decrease as the outdoor air quantity and
mixture conditions are varied for design purposes.  As the
GSHF ratio changes, the supply air condition to the space
varies along the RSHF line (Fig. 38).
     The difference in temperature between the room and
the air supply to the room determines the air quantity
required to satisfy the room sensible and room latent
loads. As this temperature difference increases
(supplying colder air, since the room conditions are
fixed), the required air quantity to the space decreases.
This temperature difference can increase up to a limit
where the RSHF line crosses the saturation line on the
psychrometric chart, Fig. 38; assuming, of course, that
the available conditioning equipment is able to take the
air to 100% saturation. Since this is impossible, the

condition of the air normally falls on the RSHF line close to
the saturation line. How close to the saturation line
depends on the physical operating characteristics and
the efficiency of the conditioning equipment.
    In determining the required air quantity, when
neglecting the supplementary loads, the supply air
temperature is assumed to equal the condition of the air
leaving the apparatus (tsa-t1db). This is illustrated in Fig.
38. The calculation for the required air quantity still
remains a trial-and-error procedure, since the mixture
temperature of the air (tm) entering the apparatus is
dependent on the required air quantity. The same
procedure previously described for determining the air
quantity is used. Assume a supply air rise and calculate
the supply air quantity and the mixture temperature to the
conditioning apparatus.  Substitute the supply air quantity
and mixture temperature in the equation for determining
the air quantity thru the apparatus, and calculate the
leaving condition of the air from the apparatus. This
temperature must equal the supply air temperature; if it
does not, a new supply air rise is assumed and the
procedure repeated.
    Determining the required air quantity by either
method previously described is a tedious process, since
it involves a trial-and-error procedure, plotting the RSHF
and GSHF ratios on a psychrometric chart, and in actual
practice accounting for the supplementary loads in
determining the supply air, mixture and leaving air
temperatures.
    This procedure has been simplified, however, by
relating all the conditioning loads to the physical
performance of the conditioning equipment, and then
including this equipment performance in the actual
calculation of the load.
      This relationship is generally recognized as a
psychrometric correlation of loads to equipment
performance. The correlation is accomplished by
calculating the “effective surface temperature,” “bypass
factor” and “effective sensible heat factor.” These alone
will permit the simplified calculation of supply air
quantity.

EFFECTIVE SURFACE TEMPERATURE (tes)     The surface temperature of the conditioning
equipment varies throughout the surface of the apparatus
as the air comes in contact with it. However, the effective
surface temperature can be considered to be the uniform
surface temperature which would produce the same
leaving air conditions as the non-uniform surface
temperature that actually occurs when the apparatus is in
operation. This is more clearly understood by illustrating
the heat transfer effect between the air and the cooling
(or heating) medium. Fig. 40 illustrates this process and
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FIG. 40- RELATIONSHIP OF EFFECTIVE SURFACE TEMP
TO SUPPLY AIR AND CHILLED WATER

is applicable to a chilled water cooling medium with the
supply air counterflow in relation to the chilled water.
     The relationship shown in Fig. 40 may also be
illustrated for heating, direct expansion cooling and for air
flowing parallel to the cooling or heating medium.  The
direction, slope and position of the lines change, but the
theory is identical.
     Since conditioning the air thru the apparatus
reduces to the basic principle of heat transfer between
the heating or cooling media of the conditioning
apparatus and the air thru that apparatus, there must be
a common reference point. This point is the effective
surface temperature of the apparatus. The two heat
transfers are relatively independent of each other, but are
quantitatively equal when referred to the effective surface
temperature.

Therefore, to obtain the most economical apparatus
selection, the effective surface temperature is used in
calculating the required air quantity and in selecting the
apparatus.
     For applications involving cooling and dehumidi-
fication, the effective surface temperature is at the point
where the GSHF line crosses the saturation line on the
psychrometric chart (Fig. 36). As such, this effective
surface temperature is considered to be the dewpoint of
the apparatus, and hence the term apparatus dewpoint
(adp) has come into common usage for cooling and
dehumidifying processes.
     Since cooling and dehumidification is one of the most
common applications for central station apparatus, the
“Air Conditioning Load Estimate” form, Fig. 44, is
designed around the term apparatus dewpoint (adp).
The term is used exclusively in this chapter when
referring to cooling and dehumidifying applications.  The
psychrometrics of air can be applied equally well to other
types of heat transfer applications such as sensible
heating, evaporative cooling, sensible cooling, etc., but

for these applications the effective surface temperature
will not necessarily fall on the saturation line.
BYPASS FACTOR (BF)
     Bypass factor is a function of the physical and
operating characteristics of the conditioning apparatus
and, as such, represents that portion of the air which is
considered to pass through the conditioning apparatus
completely unaltered.
     The physical and operating characteristics affecting
the bypass factor are as follows:

1. A decreasing amount of available apparatus heat
transfer surface results in an increase in bypass
factor, i.e. less rows of coil, less coil surface area,
wider spacing of coil tubes.

2. A decrease in the velocity of air through the
conditioning apparatus results in a decrease in
bypass factor, i.e. more time for the air to contact
the heat transfer surface.

    Decreasing or increasing the amount of heat transfer
surface has a greater effect on bypass factor than varying
the velocity of air through the apparatus.
     There is a psychrometric relationship of bypass
factor to GSHF and RSHF. Under specified room, outdoor
design conditions and quantity of outdoor air, RSHF and
GSHF are fixed. The position of RSHF is also fixed, but
the relative position of GSHF may vary as the supply air
quantity and supply air condition change.
     To properly maintain room design conditions, the air
must be supplied to the space at some point along the
RSHF line. Therefore, as the bypass factor varies, the
relative position of GSHF to RSHF changes, as shown by
the dotted lines in Fig. 41. As the position of GSHF
changes, the entering and leaving air conditions at the
apparatus, the required air quantity, bypass factor and
the apparatus dewpoint also change.
    The effect of varying the bypass factor on the
conditioning equipment is as follows:

1. Smaller bypass factor—
a. Higher adp—DX equipment selected for higher

refrigerant temperature and chilled water
equipment would be selected for less or higher
temperature chilled water.  Possibly smaller
refrigeration machine.

b. Less air-smaller fan and fan motor.
c. More heat transfer surface—more rows of coil

or more coil surface available.
d. Smaller piping if less chilled water is used.

2. Larger bypass factor--
a. Lower adp—Lower refrigerant temperature to

select DX equipment, and more water or lower
temperature for chilled water equipment.
Possibly larger refrigeration machine.
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b. More air-larger fan and fan motor.
c. Less heat transfer surface—less rows of coil or

less coil surface available.
d. Larger piping if more chilled water is used.

FIG. 41-RSHF AND GSHF LINES PLOTTED ON
SKELETON PSYCHROMETRIC CHART

     It is, therefore, an economic balance of first cost and
operating cost in selecting the proper bypass factor for a
particular application. Table 62, page 127, lists
suggested bypass factors for various applications and is
a guide for the engineer to proper bypass factor selection
for use in load calculations.
      Tables have also been prepared to illustrate the
various configurations of heat transfer surfaces and the
resulting bypass factor for different air velocities. Table
61, page 127, lists bypass factors for various coil
surfaces. Spray washer equipment is normally rated in
terms of saturation efficiency which is the complement of
bypass factor (1-BF). Table 63, page 136, is a guide to
representative saturation efficiencies for various spray
arrangements.
     As previously indicated, the entering and leaving air
conditions at the conditioning apparatus and the
apparatus dewpoint are related psychrometrically to the
bypass factor. Although it is recognized that bypass
factor is not a true straight line function, it can be
accurately evaluated mathematically from the following
equations:
  BF   =

and
  1-BF =

NOTE: The quantity (1-BF) is frequently called contact factor
and is considered to be that portion of the air leaving the
apparatus at the adp.

EFFECTIVE SENSIBLE HEAT FACTOR (ESHF)
    To relate bypass factor and apparatus dewpoint to
the load calculation, the effective sensible heat factor
term was developed. ESHF is interwoven with BF and
adp, and thus greatly simplifies the calculation of air
quantity and apparatus selection.
    The effective sensible heat factor is the ratio of
effective room sensible heat to the effective room
sensible and latent heats.  Effective room sensible heat is
composed of room sensible heat (see RSHF) plus that
portion of the outdoor air sensible load which is
considered as being bypassed, unaltered, thru the
conditioning apparatus. The effective room latent heat is
composed of the room latent heat (see RSHF) plus that
portion of the outdoor air latent heat load which is
considered as being bypassed, unaltered, thru the
conditioning apparatus. This ratio is expressed in the
following formula:

     ESHF =

     The bypassed outdoor air loads that are included in
the calculation of ESHF are, in effect, loads imposed on
the conditioned space in exactly the same manner as the
infiltration load. The infiltration load comes thru the doors
and windows; the bypassed outdoor air load is supplied
to the space thru the air distribution system.
     Plotting RSHF and GSHF on the psychrometric chart
defines the adp and BF as explained previously. Drawing
a straight line between the adp and room design
conditions (1-2), Fig. 42 represents the ESHF ratio. The
interrelationship of RSHF and GSHF to BF, adp and ESHF
is graphically illustrated in Fig. 42.
     The effective sensible heat factor line may also be
drawn on the psychrometric chart without initially knowing
the adp. The procedure is identical to the one described
for RSHF on page 118. The calculated ESHF, however, is
plotted thru the room design conditions to the saturation
line (1-2), Fig. 43, thus indicating the adp.

tldb – tadp     hla – hadp     wla - wadp
tedb – tadp     hea – hadp     wea - wadp

= =

tedb – tldb     hea – hla      wea -  wla
tedb – tadp     hea – hadp    wea - wadp

= =

=ERSH + ERLH      ERTH
ERSH             ERSH
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Tables have been prepared to simplify the method of
determining adp from ESHF. Adp can be obtained by
entering Table 65 at room design conditions and at the
calculated ESHF. It is not necessary to plot ESHF on a
psychrometric chart.
AIR QUANTITY USING ESHF, ADP AND BF
    A simplified approach for determining the required
air quantity is to use the psychrometric correlation of
effective sensible heat factor, apparatus dewpoint and
bypass factor. Previously in this chapter, the
interrelationship of ESHF, BF and adp was shown with
GSHF and RSHF. These two factors need not be
calculated to determine the required air quantity, since
the use of ESHF, BF and adp results in the same air
quantity.
     The formula for calculating air quantity, using BF and
tadp, is:

This air quantity simultaneously offsets the room sensible
and room latent loads, and also handles the total sensible
and latent loads for which the conditioning apparatus is
designed, including the outdoor air loads and the
supplementary loads.

FIG. 42- RSHF, GSHF AND ESHF LINES PLOTTED
ON SKELETON PSYCHROMETRIC CHART

FIG. 43- ESHF LINE PLOTTED ON SKELETON
PSYCHROMETRIC CHART

AIR CONDITIONING LOAD ESTIMATE FORM
     The “Air Conditioning Load Estimate” form is
designed for cooling and dehumidifying applications, and
may be used for psychrometric calculations. Normally,
only ESHF, BF and adp are required to determine air
quantity and to select the apparatus.  But for those
instances when it is desirable to know RSHF and GSHF,
this form is designed so that these factors may also be
calculated. Fig. 44, in conjunction with the following
items, explains how each factor is calculated. (The
circled numbers correspond to numbers in Fig. 44).
1. RSHF  =

2.    GSHF =

3. ESHF  =

                  =
4. Adp located where ESHF crosses the saturation

line, or from Table 65. ESHF      and room
conditions        give adp

5. BF 11  used in the outdoor air calculations is
obtained from the equipment performance table or
charts. Typical bypass factors for different surfaces
and for various applications are given on page 127.
These are to guide the engineer and may be used
in the outdoor air calculation when the actual
equipment performance tables are not readily
available.

3 4

5

8
9 10

1.08 (trm – tadp) (1 – BF)
ERSHcfmda =

2

1

RSH + RLH
RSH =

1 +

ERSH + ERLH         ERTH
ERSH                ERSH=

TSH
GTH = +

68
3

3
7
3=+
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FIG. 44  AIR CONDITIONING LOAD ESTIMATE
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6.

Once the dehumidified air quantity is calculated,
the conditioning apparatus may be selected. The
usual procedure is to use the grand total heat      ,
dehumidified air quantity   13   , and the apparatus
dewpoint      , to select apparatus.
     Since guides are available, the bypass factor of
the apparatus selected is usually in close
agreement with the originally assumed bypass
factor.  If, because of some peculiarity in loading in
a particular application, there is a wide divergence
in bypass factor, that portion of the load estimate
form involving bypass factor should be adjusted
accordingly.

7. Outlet temperature difference – Fig. 44 shows a
calculation for determining the temperature
difference between room design dry-bulb and the
supply air dry-bulb to the room. Frequently a
maximum temperature difference is established for
the application involved. If the outlet temperature
difference calculation is larger than desired, the
total air quantity in the system is increased by
bypassing air around the conditioning apparatus.
This temperature difference calculation is:

            Outlet temp diff =

                                     =

8. Total air quantity when outlet temperature
difference is greater than desired- The calculation
for the total supply air quantity for a desired
temperature difference (between room and outlet)
is:

The amount of air that must be bypassed around
the conditioning apparatus to maintain this desired
temperature difference (∆t) is the difference
between cfmsa and cfmda.9. Entering and leaving conditions at the apparatus—
Often it is desired to specify the selected
conditioning apparatus in terms of entering and

leaving air conditions at the apparatus. Once the
apparatus has been selected from ESHF, adp, BF
and GTH, the entering and leaving air conditions
are easily determined. The calculations for the
entering and leaving dry-bulb temperatures at the
apparatus are illustrated in Fig. 44.
The entering dry-bulb calculation contains the term
“cfm†”*. This air quantity “cfm†” depends on
whether a mixture of outdoor and return air or return
air only is bypassed around the conditioning
apparatus.
The total supply air quantity cfmsa  14  is used for
“cfm†” when bypassing a mixture of outdoor and
return air.  Fig. 45 is a schematicsketch of a system
bypassing a mixture of outdoor and return air.

FIG. 45- BYPASSING MIXTURE OF OUTDOOR AND
RETURN AIR

When bypassing a mixture of return air only or when
there is no need for a bypass around the
apparatus, use the cfmda  13  for the value of
“cfm†” Fig. 46 is a schematic sketch of a system
bypassing room return air only.

13   =
1.08 (   9    -   10  ) (1 -  11  )

3

5

1.08 (trm – tadp) (1 – BF)
ERSHcfmda =

10

1.08 x cfmda

RSH

1.08 x 13
1

cfmsa = 1.08 x ∆t        1.08 x ∆t
RSH 1=

FIG. 46 – BYPASSING RETURN AIR ONLY OR
NO FIXED BYPASS

*”cfm†” is a symbol appearing in the equation next to  17  in
Fig. 44
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The entering and leaving wet-bulb temperatures at
the apparatus are determined on the standard
psychrometric chart, once the entering and leaving
dry-bulb temperatures are calculated.  The
procedure for determining the wet-bulb
temperatures at the apparatus is illustrated in Fig.
47 and described in the following items:
a. Draw a straight line connecting room design

conditions and outdoor design conditions.
b. The point at which entering dry-bulb crosses

the line plotted in Step a defines the entering
conditions to the apparatus.  The entering wet-
bulb is read on the psychrometric chart.

c. Draw a straight line from the adp  to the
entering mixture conditions at the apparatus
(Step b.) (This line defines the GSHF line of the
apparatus.)

d. The point at which the leaving dry-bulb crosses
the line drawn in Step c defines the leaving
conditions of the apparatus.  Read the leaving
wet-bulb from the apparatus at this point.  (This
point defines the intersection of the RSHF and
GSHF as described previously.)

FIG. 47- ENTERING AND LEAVING CONDITIONS
AT APPARATUS

AIR CONDITIONING APPARATUS

     The following section describes the characteristic
psychrometric performance of air conditioning
equipment.

Coils, sprays and sorbent dehumidifiers are the three
basic types of heat transfer equipment required for air
conditioning applications.  These components may be
used singly or in combination to control the psychrometric
properties of the air passing thru them.
     The selection of this equipment is normally
determined by the requirements of the specific
application. The components must be selected and
integrated to result in a practical system; that is, one
having the most economical owning and operating cost.
     An economical system requires the optimum
combination of air conditioning components. It also
requires an air distribution system that provides good air
distribution within the conditioned space, using a
practical rise between supply air and room air
temperatures.
     Since the only known items are the load in the space
and the conditions to be maintained within the space, the
selection of the various components is based on thes

items.  Normally, performance requirements aestablished
and then equipment is selected to meet the requirement
COIL CHARACTERISTICS

In  the operation of coils, air is drawn or forcedover a
series of tubes thru which chilled water, brine, volatile
refrigerant, hot water or steam is flowing. As the air
passes over the surface of the coil, it is cooled, cooled
and dehumidified, or heated, depending upon the
temperature of the media flowing thru the tubes. the
media  in  turn is  heated  or  cooled in the process.
     The amount of coil surface not only affects the heat
transfer but also the bypass factor of the coil.  The
bypass factor, as previously explained, is the measure of
air side performance.  Consequently, it is a function of the
type and amount of coil surface and the time available for
contact as the air passes thru the coil. Table 61 gives
approximate bypass factors for various finned coil
surfaces and air velocities.
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TABLE 61- TYPICAL BYPASS FACTORS
(For Finned Coils)

DEPTH
OF WITHOUT SPRAYS WITH SPRAYS

COILS 8 fins/in. 14 fins/in. 8 fins/in. 14 fins/in.
Velocity (fpm)

(rows) 300-700 300-700 300-600 300-600
2 .42-.55 .22-.38
3 .27-.40 .10-.23
4 .15-.28 .05-.14 .12-.22 .04-.10
5 .10-.22 .03-.14 .08-.16 .02-.06
6 .06-.15 .01-.05 .05-.11 .01-.03
8 .02-.08 .00-.02 .02-.06 .00-.02

    These bypass factors apply to coils with 5/8 in.  O.D.
tubes and spaced on approximately 11/4 in. centers.  The
values are approximate.  Bypass factors for coils with
plate fins, or for combinations other than those shown,
should be obtained from the coil manufacturer.
     Table 61 contains bypass factors for a wide range of
coils. This range is offered to provide sufficient latitude in
selecting coils for the most economical system. Table 62
lists some of the more common applications with
representative coil bypass factors. This table is intended
only as a guide for the design engineer.

TABLE 62- TYPICAL BYPASS FACTORS
(For Various Applications)

COIL
BYPASS TYPE OF APPLICATION EXAMPLE
FACTOR

0.30- to 0.50
A small total load or a load that is
somewhat larger with a low sensible
heat factor (high latent load).

Residence

0.20 to 0.30
Typical comfort application with a
relatively small total load or a low
sensible heat factor with a
somewhat larger load.

Residence,
Small
Retail Shop,
Factory

0.10 to 0.20 Typical comfort application. Dept. Store,
Bank, Factory

0.05 to 0.10
Application with high internal
sensible loads or requiring a large
amount of outdoor air for ventilation.

Dept. Store,
Restaurant,
Factory

0 to 0.10 All outdoor air applications. Hospital
Operating
Room, Factory

COIL PROCESSES
     Coils are capable of heating or cooling air at a
constant moisture content, or simultaneously cooling and
dehumidifying the air.  They are used to control dry-bulb
temperature and maximum relative humidity at peak load
conditions.  Since coils alone cannot raise the moisture
content of the air, a water spray on the coil surface must
be added if humidification is required. If this spray water
is recirculated, it will not materially affect the

FIG. 48- COIL PROCESSES

psychrometric process when the air is being cooled and
dehumidified.
     Fig. 48 illustrates the various processes that can be
accomplished by using coils.
Sensible Cooling
     The first process, illustrated by line (1-2), represents
a sensible cooling application in which the heat is
removed from the air at a constant moisture content.
Cooling and Dehumidification
     Line (1-3) represents a cooling and dehumidification
process in which there is a simultaneous removal of heat
and moisture from the air.
     For practical considerations, line (1-3) has been
plotted as a straight line.  It is, in effect, a line that starts
at point (1) and curves toward the saturation line below
point (3). This is indicated by line (1-5).
Sensible Heating
     Sensible heating is illustrated by line (1-4); heat is
added to the air at constant moisture content.
COIL PROCESS EXAMPLES
     To better understand these processes and their
variations, a description of each with illustrated examples
is presented in the following: (Refer to page 149 for
definition of symbols and abbreviations.)
Cooling and Dehumidification
     Cooling and dehumidification is the simultaneous
removal of the heat and moisture from the air, line (1-3),
Fig. 48. Cooling and dehumidification occurs when the
ESHF and GSHF are less than 1.0. The ESHF for these
applications can vary from 0.95, where the load is
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predominantly sensible, to 0.45 where the load is
predominantly latent.
     The air conditioning load estimate form illustrated in
Fig. 44 presents the procedure that is used to determine
the ESHF, dehumidified air quantity, and entering and
leaving air conditions at the apparatus. Example 1
illustrates the psychrometrics involved in establishing
these values.
Example 1- Cooling and Dehumidification
Given:
     Application –5¢ & 10¢ Store
     Location –Bloomfield, N. J.
     Summer design –95 F db, 75 F wb
     Inside design –75 F db, 50% rh
     RSH –200,000 Btu/hr
     RLH –50,000 But/hr
     Ventilation –2,000 cfmoa
Find:
     1.  Outdoor air load (OATH)
     2.  Grand total heat (GTH)
     3.  Effective sensible heat factor (ESHF)
     4.  Apparatus dewpoint temperature (tadp)
     5.  Dehumidified air quantity (cfmda)
     6.  Entering and leaving conditions at the apparatus

 Solution:
1. OASH = 1.08×2000×(95-75) = 43,200 Btu/hr (14)

OALH = .68×2000× (99-65) = 46,200 Btu/hr (15)
OATH = 43,200+46,200 = 89,400 Btu/hr (17)

2. TSH  = 200,000+43,200 = 243,200 Btu/hr (7)
TLH  =   50,000+46,200 =   96,200 Btu/hr (8)
GTH = 243,200+96,200 = 339,400 Btu/hr (9)

3. Assume a bypass factor of 0.15 from Table 62.

      ESHF =

=  .785

4.
Determine the apparatus dewpoint from the room design
conditions and the ESHF, by either plotting on the
psychrometric chart or using Table 65.  Fig. 49 illustrates
the ESHF plotted on the psychrometric chart.

                 =  50 F

     5.                                                                                              (36)

NOTE: Numbers in parentheses at right edge of column refer to
equations beginning on page 150.

FIG. 49- COOLING AND DEHUMIDIFICATION

(tedb, tewb, tldb, tlwb)

200,000 + (.15) (43,200) + 50,000 + (.15) (46,200)
200,000 + (.15) (43,200)

200,000 + (.15) (43,200)cfmda = 1.08 (75 – 50) (1 - .15)

tadp
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Assume for this example that the apparatus selected for
9,000 cfm, 50 F adp, and GTH = 339,400, has a bypass
factor that is equal, or nearly equal, to the assumed BF =
0.15.  Also, assume that it is not necessary to physically
bypass air around the apparatus.

                                                                                       (31)

Read tewb where the tedb crosses the straight line plotted
between the outdoor and room design conditions on the
psychrometric chart, Fig. 49.
tewb = 65.5 F wb
tldb  = 50+.15(79.45-50) = 54.4 F db                              (32)
Determine that tlwb by drawing a straight line between the
adp and the entering conditions at the apparatus.  (This is
the GSHF line.)  Where tldb intersects this line, read tlwb.tlwb = 52.7 F wb

Cooling and Dehumidification – High Latent Load
Application
     On some applications a special situation exists if the
ESHF and GSHF lines do not intersect the saturation line
when plotted on the psychrometric chart of if they do the
adp is absurdly low. This may occur where the latent load
is high with respect to the total loads (dance halls, etc.).
In such applications, an appropriate apparatus dewpoint
is selected and the air is reheated to the RSHF line.
Occasionally, altering the room design conditions
eliminates the need for reheat, or reduces the quantity of
reheat required. Similarly, the utilization of a large air side
surface (low bypass factor) coil may eliminate the need
for reheat or reduce the required reheat.
     Once the ventilation air requirement is determined,
and if the supply air quantity is not fixed, the best
approach to determining the apparatus dewpoint is to
assume a maximum allowable temperature difference
between the supply air and the room. Then, calculate the
supply air conditions to the space. The supply air
conditions to the space must fall on the RSHF line to
properly offset the sensible and latent loads in the space.
     There are four criteria which should be examined, to
aid in establishing the supply air requirements to the
space. These are:

1. Air movement in the space.
2. Maximum temperature difference between the

supply air and the room.
3. The selected adp should provide an economical

refrigeration machine selection.
4. In some cases, the ventilation air quantity required

may result in an all outdoor air application.
    Example 2 is a laboratory application with a high
latent load. In this example the ESHF intersects the
saturation line, but the resulting adp is too low.

Example 2- Cooling and Dehumidification – High
                   Latent Load
Given:
     Application – Laboratory
     Location – Bangor, Maine
     Summer design – 90 F db, 73 F wb
     Inside design – 75 F db, 50% rh
     RSH – 120,000 Btu/hr
     RLH – 65,000 Btu/hr
     Ventilation – 2,500 cfmoa
     Temp. diff. between room and supply air, 20 F maximum
Find:
     1.  Outdoor air load (OATH)
     2.  Effective sensible heat factor (ESHF)
     3.  Apparatus dewpoint (tadp)
     4.  Reheat required
     5.  Supply air quantity (cfmsa)
     6.  Entering conditions to coil (tedb, tewb, Wea)
     7.  Leaving conditions from coil (tldb, tlwb)
     8.  Supply air condition to the space (tsa,  Wsa)
     9.  Grand total heat (GTH)
Solution:

1. OASH = 1.08×2500×(90-75) = 40,500 Btu/hr (14)
OALH = .68×2500× (95-65) = 51,000 Btu/hr (15)
OATH = 40,500+51,000 = 91,500 Btu/hr (17)

2. Assume a bypass factor of 0.05 because of high latent load.

       ESHF =

   =   .645 (26)
When plotted on the psychrometric chart, this ESHF (.645)
intersects the saturation vurve at 35 F.  With such a low adp
an appropriate apparatus dewpoint should be selected and
the air reheated to the RSHF line.

3. Refer to Table 65.  For inside design conditions of 75 F db,
50% rh, an ESHF of .74 results in an adp of 48 F which is a
reasonable minimum figure.

4. Determine amount of reheat (Btu/hr) required to produce an
ESHF of .74.
ESHF (.74)  =

(25)
            reheat = 70,230 Btu/hr

5. Determine dehumidifier air quantity (cfmda)

(36)

cfmda is also cfmsa when no air is to be physically bypassed
around the cooling coil.

(2000 x 95) + (7000 x 75) = 79.45 dbtedb = 9000

120,000 + .05 (40,500) + reheat + 65,000 + (.05) 51,000
120,000 + .05 (40,500) + reheat

122,025 + reheat
189,575 + reheat.74 =

1.08 x (1 – BF) (trm – tadp)
ERSHcfmda =

=                                       = 6940 cfm122,025 + 70,230
1.08 (1 - .05) (75 – 48)

120,000 + .05 (40,500) + 65,000 + (.05)  (51,000)
120,000 + .05 (40,500)

6.
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FIG. 50- COOLING AND DEHUMIDIFICATION
WITH HIGH LATENT LOAD

6.
              = 80.4 (31)
Read tewb where the tedb crosses the straight line plotted
between the outdoor air and room design conditions on the
psychrometric chart, Fig. 50.
tewb = 66.6 F
The moisture content at the entering conditions to the coil is
real from the psychrometric chart.
Wea = 75.9 gr/lb
Determine leaving conditions of air from cooling coil.
tldb  =  tadp+BF (tedb-tadp) (32)
      =  48+.05 (80.4-48)
      =  49.6
hsa  =  hadp+BF (hea-hadp) (34)
      =  19.21+.05 (31.3-19.21)
      =  19.82
tlwb  =  49.1 F

8. Determine supply air temperature to space
tsa   =  trm - (35)

      = 75 -
      = 59 F
Wsa = 51.1 gr/lb
Temp. diff between room and supply air
= trm-tsa = 75-59 = 16 F
Which is less than 20 F

9. GTH = 4.45×6940(31.3-19.82) = 354,500 Btu/hr (24)

Cooling and Dehumidification –Using All Outdoor Air
     In some applications it may be necessary to supply
all outdoor air; for example, a hospital operating room, or

an area that requires large quantities of ventilation air. For
such applications, the ventilation or code requirements
may be equal to, or more than, the air quantity required to
handle the room loads.
     Items 1 thru 5 explain the procedure for determining
the dehumidified air requirements using the “Air
Conditioning Load Estimate” form when all outdoor air is
required.

1. Calculate the various loads and determine the
apparatus dewpoint and dehumidified air quantity.

2. If the dehumidified air quantity is equal to the
outdoor air requirements, the solution is self-
evident.

3. If the dehumidified air quantity is less than the
outdoor air requirements, a coil with a larger
bypass factor should be investigated when the
difference in air quantities is small. If a large
difference exists, however, reheat is required.  This
situation sometimes occurs when the application
requires large exhaust air quantities.

4. If the dehumidified air quantity is greater than the
outdoor air requirements, substitute cfmda for cfmoain the outdoor air load calculations.

5. Use the recalculated outdoor air loads to determine
a new apparatus dewpoints and dehumidified air
quantity.  This new dehumidified air quantity should
check reasonably close to the cfmda in Item 1.

     A special situation may arise when the condition
explained in Item 4 occurs. This happens when the ESHF,
as plotted on the psychrometric chart, does not intersect
the saturation line. This situation is handled in a manner
similar to that previously described under “Cooling and
Dehumidification –High Latent Load Application.”
     Example 3 illustrates an application where codes
specify that all outdoor air be supplied to the space.
Example 3 – Cooling and Dehumidification-
                   All Outdoor Air
Given:
     Application – Laboratory
     Location – Wheeling, West Virginia
     Summer design – 95 F db, 75 F wb
     Inside design – 75 F db, 55% rh
     RSH – 50,000 Btu/hr
     RLH – 11,000 But/hr
     Ventilation – 1600 cfmoa
     All outdoor air to be supplied to space.
Find:
     1.  Outdoor air load (OATH)
     2.  Effective sensible heat factor (ESHF)
     3.  Apparatus dewpoint (tadp)
     4.  Dehumidified air quantity (cfmda)
     5.  Recalculated outdoor air load (OATH)
     6.  Recalculated effective sensible heat factor (ESHF)

(2500 x 90) + (4440 x 75)
6940tedb =

RSH
1.08 (cfmsa)
(120,000)

1.08 (6940)

NOTE : Number in parentheses at right edge of column refer
to equations beginning on page 150
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     7.  Final apparatus dewpoint temperature (tadp,)
     8.  Recalculated dehumidified air quantity (cfmda)
Solution:

1. OASH = 1.08×1600×(95-75) = 34,600 Btu/hr (14)
OALH = .68×1600× (98.5-71) = 30,000 Btu/hr (15)
OATH = 34,500+30,000 = 64,600 Btu/hr (17)

2. Assume a bypass factor of 0.05 from Tables 61 and 62.

          =  .81 (26)
3. Table 65 shows that, at the given room design conditions

and effective sensible heat factor, tadp = 54.5 F.

4. (36)

Since 2450 cfm is larger than the ventilation requirements,
and by code all OA is required, the O.A loads, the adp, and
the dehumidified air quantity must be recalculated using
2450 cfm as the OA requirements.

5. Recalculating outdoor air load
OASH = 1.08×2450× (95-75) = 53,000 Btu/hr (14)
OALH = .68×2450× (98.5-71) = 46,000 Btu/hr (15)
OATH = 53,000+46,000 = 99,000 Btu/hr (17)

6.
           =  .80 (26)

7. tadp      =  54 F

8. (36)

This checks reasonably close to the value in Step 4, and
recalculation is not necessary.

Cooling With Humidification
Cooling with humidification may be required at partial

load operation to make up a deficiency in the room latent
load. It may also be used at design conditions for
industrial applications having relatively high sensible
loads and high room relative humidity requirements.
Without humidification, excessively high supply air
quantities may be required. This not only creates air
distribution problems but also is often economically
unsound. Excessive supply air quantity requirements can
be avoided by introducing moisture into the space to
convert sensible heat to latent heat. This is sometimes
referred to as a “split system.” The moisture is introduced
into the space by using steam or electric humidifiers or
auxiliary sprays.

     When humidification is performed in the space, the
room sensible load is decreased by an amount equal to
the latent heat added, since the process is merely an
interchange of heat. The humidifier motor adds sensible
heat to the room but the amount is negligible and is
usually ignored.
     Where humidification is required at design to reduce
the air quantity, then a credit to the room sensible heat
should be taken in the amount of the latent heat from the
added moisture. No credit to the room sensible load is
taken when humidification is used to make up a
deficiency in the room latent load during partial load
operation.
     When the humidifiers and sprays are used to reduce
the required air quantity, the latent load introduced into
the space is added to the room latent load.
     When the humidifier or sprays are operated only to
make up the room deficiency, the latent load introduced
into the room by the humidifier or auxiliary sprays in the
space is not added to the room latent load.
     The introduction of this moisture into the space to
reduce the required air quantity decreases the RSHF,
ESHF and the apparatus dewpoint. This method of
reducing the required air quantity is normally
advantageous when designing for high room relative
humidities.
     The method of determining the amount of moisture
necessary to reduce the required air quantity results in a
trial-and-error procedure. The method is outlined in the
following steps:

1. Assume an amount of moisture to be added and
determine the latent heat available from this
moisture. Table 64 gives the maximum moisture
that may be added to a space without causing
condensation on supply air ducts and equipment.

2. Deduct this assumed latent heat from the original
effective room sensible heat and use the difference
in the following equation for ERSH to determine tadp.

Cfmda is the reduced air quantity permissible in the
air distribution system.

3. The ESHF is obtained from a psychrometric chart or
Table 65, using the apparatus dewpoint (from Step
2) and room design conditions.

4. The new effective room latent load is determined
from the following equation:

The ERSH is from Step 2 and ESHF is from Step 3.
5. Deduct the original ERLH (before adding sprays or

(50,000) + (.05) (53,000) + 11,000 + (.05) (46,000)
50,000 + (.05) (53,000)ESHF =

cfmda =                                           = 2500 cfm50,000 + (.05) (53,000)
1.08 (1 - .05) (75 – 54)

NOTE : Numbers in parentheses at right edge of column refer to
equations beginning on page 150.

tadp = trm - ERSH
1.08 X (1 – BF) cfmda

ERLH = ERSH X 1 - ESHF
ESHF

50,000 + (.05) (34,600) + 11,000 + (.05) (30,000)
50,000 + (.05) (34,600)ESHF =

50,000 + (.05) (34,600)
1.08 (1 - .05) (75 – 54.5)cfmda =                                          = 2450 cfm
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humidifier in the space) from the new effective room
latent heat in Step 4. The result is equal to the latent
heat from the added moisture, and must check with
the value assumed in Step 1. If it does not check,
assume another value and repeat the procedure.

     Example 4 illustrates the procedure for investigating
an application where humidification is accomplished
within the space to reduce the air quantity.
Example 4- Cooling With Humidification in the Space
Given:
     Application – A high humidity chamber
     Location – St. Louis, Missouri
     Summer design –95 F db, 70% F wb
     Inside design – 70 F db, 70% rh
     RSH – 160,000 Btu/hr
     RLH – 10,000 Btu/hr
     RSHF - .94
     Ventilation – 4000 cfmoa
Find:

A. When space humidification is not used:
1.  Outdoor air load (OATH)
2.  Grand total heat (GTH)
3.  Effective sensible heat factor (ESHF)
4.  Apparatus dewpoint (tadp)
5.  Dehumidified air quantity (cfmda)
6.  Dehumidified air quantity (cfmda)
     (tedb,  tewb,  tldb,  tlwb)

B. When humidification is used in the space:
1.  Determine maximum air quantity and assume an amount
     of moisture added to the space and latent heat from this
     moisture.
2.  New effective room sensible heat (ERSH)
3.  New apparatus dewpoint (tadp)
4.  New effective sensible heat factor (ESHF)
5.  New effective room latent heat (ERLH)
6.  Check calculated latent heat from the moisture added
     with amount assumed in Item 1.
7.  Theoretical conditions of the air entering the evaporative
     humidifier before humidification.
8.  Entering and leaving conditions at the apparatus
          (tedb,  tewb,  tldb,  tlwb)

Solution:
A. When space humidification isnot used:

1.  OASH = 1.08×4000× (95-70) = 108,000 Btu/hr (14)
     OALH = .68×4000× (117-77) = 109,000 Btu/hr (15)
     OATH = 108,000+109,000 = 217,000 Btu/hr (17)
2.  GTH = 160,000+10,000+108,000+109,000 (9)
             =  387,000 Btu/hr
3.  Assume a bypass factor of 0.05 from Tables 61
     and 62.

ESHF =

          = .92 (26)
4.  Plot the ESHF on a psychrometric chart and read
     the adp (dotted line in Fig. 51).
     tadp = 59.5 F

5. (36)

6. (31)

Read tewb where the tedb crosses the straight line plotted
between the outdoor and room design conditions on the
psychrometric chart (Fig. 51).
tewb = 67.9 F wb
Tldb = 59.5+.05 (76.7-59.5) = 60.4 F db (32)
Determine the tlwb by drawing a straight line between the
adp and the entering conditions to the apparatus (the
GSHF line).  Where tldb intersects this line, read the tlwb(Fig. 51).
tlwb = 60 F wb

B. When humidification is used in the space:
1. Assume, for the purpose of illustration in this problem, that

the maximum air quantity permitted in the air distribution
system is 10,000 cfm.  Assume 5 grains of moisture per
pound of dry air is to be added to convert sensible to latent
heat.  The latent heat is calculated by multiplying the air
quantity times the moisture added times the factor .68.

2. NEW ERSH = Original ERSH – latent heat of added
                       moisture
                    = [160,000+(.05×108,000]-34,000
                    = 131,400 Btu/hr

3. (36)

4. ESHF is read from the psychrometric chart as .73
(dotted line in Fig. 52).

5. NEW ERLH  = New ERSH ×

                    = 131,400 ×

                    = 48,600 Btu/hr
6. Check for latent heat of added moisture.

Latent heat of added moisture
           = New ERLH – Original ERLH
           = 48,600 [ [10,000+(.05×109,000]
           = 33,200 Btu/hr
This checks reasonably close with the assumed value in
Step 1 (34,000 Btu/hr).

NOTE : Numbers in parentheses at right edge of column refer to
equations beginning on page 150.

1.08 (1 - .05) (10,000)tadp = 70 -                                      = 57.2 F131,400

1 - ESHF
ESHF

1 - .73
.73

(400 x 95) + (11,400 x 70)tedb =                                           = 76.7  F db15,400

160,000 + 10,000 + (.05) (108,000) + (.05) (109,000)
160,000 + (.05) (108,000)

160,000 + (.05) (108,000)
1.08 (1 - .05) (70 – 59.5)

cfmda =                                            = 15,4000 cfm
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7. Psychrometrically, it can be assumed that the atomized
water from the spray heads in the space absorbs part of the
room sensible heat and turns into water vapor at the final
room wet-bulb temperature.  The theoretical dry-bulb of the
air entering the spray is at the intersection of the room
design wet-bulb line and the moisture of the air entering the
sprays.  This moisture content is determined by subtracting
the moisture added by the room sprays from the room
design moisture content.
Moisture content of air entering humidifier
              = 77-5 = 72 gr/lb.
The theoretical dry-bulb is determined from the
psychrometric chart as 73.3 db, illustrated on Fig. 52.

8. (31)

Read teub where the tedb crosses the straight line plotted
between the outdoor and room design conditions on the
psychrometric chart (Fig. 52).

FIG. 51- COOLING AND DEHUMIDIFICATION
ADDING NO MOISTURE TO THE SPACE

FIG. 52- COOLING AND DEHUMIDIFICATION
ADDING MOISTURE INTO THE SPACE

(32)
Determine tlwb by drawing a straight line between the adp
and the entering conditions to the apparatus (GSHF line).
Where tldb intersects this line, read the
tlwb (Fig. 52).
tlwb = 58 F wb

     The straight line connecting the leaving conditions at
the apparatus with the theoretical condition of the air
entering the evaporative humidifier represents the
theoretical process line of the air. This theoretical
condition of the air entering the humidifier represents
what the room conditions are if the humidifier is not
operating. The slope of this theoretical process line is the
same as RSHF (.94).
     The heavy lines on Fig. 52 illustrate the theoretical air
cycle as air passes through the conditioning apparatus to
the evaporative humidifier, then to the room, and finally
back to the apparatus where the return air is mixed with
the ventilation air. Actually, if a straight line were drawn
from the leaving conditions of the apparatus (58.4 F db,
58 F wb) to the room design conditions, this line would be
the RSHF line and would be the process line for the
supply air as it picks up the sensible and latent loads in
the space (including the latent heat added by the
sprays).
     The following two methods of laying out the system
are recommended when the humidifier is to be used for
both partial load control and reducing the air quantity.

1. Use two humidifiers; one to operate continuously,
adding the moisture to reduce the air quantity, and
the other to operate intermittently to control the
humidity. The humidifier used for partial load is
sized for the effective room latent load, not
including that produced by the other humidifier. If
the winter requirements for moisture addition are
larger than summer requirements, then the
humidifier is selected for these conditions. This
method of using two humidifiers gives the best
control.

2. Use one humidifier of sufficient capacity to handle
the effective room latent heat plus the calculated
amount of latent heat from the added moisture
required to reduce the air quantity.  In Part B, Step
5, the humidifier would be sized for a latent load of
48,600 Btu/hr.

(4000 x 95) + (6000 x 70)tedb =                                               = 80 F db10,000

tewb = 69.8 F wb
tldb = 57.2 + (.05) (80 – 57.2) = 58.4 F db
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Sensible Cooling
     A sensible cooling process is one that removes heat
from the air at a constant moisture content, line (1-2, Fig.
48.  Sensible cooling occurs when either of the following
conditions exist:

1. The GSHF as calculated or plotted on the
psychrometric chart is 1.0.

2. The ESHF calculated on the air conditioning load
estimate form is equal to 1.0.

     In a sensible cooling application, the GSHF equals
1.0. The ESHF and the RSHF may equal 1.0.  When only
the RSHF equals. 1.0, however, it does not necessarily
indicate a sensible cooling process because latent load,
introduced by outdoor air can give a GSHF less than 1.0.
     The apparatus dewpoint is referred to as the effective
surface temperature (tes) in sensible cooling applications.
The effective surface temperature must be equal to, or
higher than, the dewpoint temperature of the entering air.
In most instances, the tes does not lie on the saturated line
and, therefore, will not be the dewpoint of the apparatus.
However, the calculations for ESHF, tadp and cfmda may
still be performed on the term tes for tadp. The use of the
term cfm da in a sensible cooling application should not be
construed to indicate that dehumidification is occurring. It
is used in the “Air Conditioning Load Estimate” form and
in Example 5 to determine the air quantity required thru
the apparatus to offset the conditioning loads.
     The leaving air conditions from the coil are dictated
by the room design conditions, the load and the required
air quantity.  The effective surface temperature may be
found by using equation 36.
     Example 5 illustrates the method of determining the
apparatus dewpoint or the effective surface temperature
for a sensible cooling application.
Example 5- Sensible Cooling
Given:
     Location – Bakersfield, California
     Summer design – 105 F db, 70 F wb
     Inside design – 75 F db, 50% maximum rh
     RSH – 200,000 Btu/hr
     RLH – 50,000 Btu/hr
     Ventilation – 13,000 cfmoa
Find:
     1.  Outdoor air load (OATH)
     2. Grand total heat (GTH)
     3. Grand sensible heat factor (GSHF)
     4.  Effective sensible heat factor (ESHF)
     5.  Apparatus dewpoint (tadp) or the effective surface temp. (tes)
     6.  Dehumidified air quantity (cfmda)
     7.  Entering and leaving conditions at the apparatus (tedb,         tewb, tldb, tlwb)

Solution:
1. OASH = 1.08×(105-75)×(13,000 = 420,000 Btu/hr (14)

OALH = .68×(54-64)×13,000       =  -88,500 Btu/hr (15)
The latent load is negative and a greater absolute value than
the room latent load. Therefore, the inside design conditions
must be adjusted unless there is a means to humidify the
air.
Room latent heat = 50,000 Btu/hr
Room moisture content = 54+                       = 59.65 grains
Adjusted inside design –75 F db, 59.65 grains
OALH = .68× (54-59.65) ×13,000 = -50,000 Btu/hr (15)
OATH = 420,000+(-50,000)= 370,000 Btu/hr (17)

2. TSH = 200,000+420,000 = 620,000 Btu/hr (7)
TLH =   50,000+(-50,000) = 0 (8)
GTH = 620,000+0 = 620,000 Btu/hr (9)

3. GSHF =                   = 1 (27)
This is a sensible cooling application since GSHF=1

4. Assume a bypass factor of 0.05 from tables 61 and 62.
ESHF=

(26)
5. Plot the ESHF to the saturation line on the

psychrometric chart.  The apparatus dewpoint is read
as tadp = 48.8 F, fig. 53.

(36)
6. cfmda =                                                                  =

(36)
Since the dehumidified air quantity is less than the
outdoor ventilation requirements, substitute the cfmoafor cfmda. This results in a new effective surface
temperature which does not lie on the saturated line.

tes = 75 -                                          = 58.4 F (36)
This temperature, tes, falls on the GSHF line.

7. This is an all outdoor air application since the cfmda isless than the ventilation requirements therefore:
tedb = toa = 105F
tewb = 70F
Calculate the tsa which equals the tldb by subsituting tesfor tadb in equation (28).
tldb = tsa = 105-(1-.05) (105-58.4) = 60.7 F (28)
Determine the tlwb by drawing a straight line between the tesand the entering conditions at the apparatus. (This is the
GSHF line.)  Where tldb intersects this line, read tlwb  tlwb=54.6
F

 In Example 5, the assumed .05 bypass factor is
used to determine tes and dehumidified air quantity.
Since the dehumidified air quantity is less than the
NOTE: Numbers in parentheses at right edge of column refer to

equations beginning on page 150.

.68 x 13,000
50,000

620,000
620,000

200,000 + (.05) 420,000 + 50,000 + (.05) (-50,000) = .823200,000 + (.05) 420,000

200,000 + (.05) 420,000         221,000
1.08 x (75 – 48.8) (1 - .05)          26.9= 8,230 CFM

200,000 + (.05) 420,000
1.08 x (1 - .05) x 13,000
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ventilation air requirement, the .05 bypass factor is used
again to determine a new tes, substituting the ventilation
air requirement for the dehumidified air quantity. The new
tes is 58.4 F.

FIG. 53- SENSIBLE COOLING

     If a coil with a higher bypass factor is substituted in
Example 5, a lower tes results.  Under these conditions, it
becomes a question of economic balance when
determining which coil selection and which refrigerant
temperature is the best for the application. For instance,
the maximum possible coil bypass factor that can be
used is .19. This still results in a tes above 50.3 F and at
the same time maintains a dehumidified air cfm of 13,000
which equals the ventilation requirements.
SPRAY CHARACTERSTICS
    In the operation of spray type equipment, air is drawn
or forced thru a chamber where water is sprayed thru
nozzles into the air stream. The spray nozzles may be
arranged within the chamber to spray the water counter
to air flow, parallel to air flow, or in a pattern that is a
combination of these two. Generally, the counter-flow
sprays are the most efficient; parallel flow sprays are the
most efficient; parallel flow sprays are the least efficient;
and when both are employed, the efficiency falls
somewhere in between these extremes.
SATURATION EFFICIENCY
     In a spray chamber, air is brought into contact with a
dense spray of water. The air approaches the state of
complete saturation. The degree of saturation is termed
saturation efficiency (sometimes called contact or
performance factor).  Saturation efficiency is, therefore, a
easure  of  the  spray  chamber  efficiency.  It  can  be

considered to represent that portion of the air passing
thru the spray chamber which contacts the spray water
surface.  This contacted air is considered to be leaving
the spray chamber at the effective surface temperature of
the spray water.  This effective surface temperature is the
temperature at complete saturation of the air.
     Though not a straight line function, the effect of
saturation efficiency on the leaving air conditions from a
spray chamber may be determined with a sufficient
degree of accuracy from the following equation:
   Sat Eft =
     The saturation efficiency is the complement of
bypass factor, and with spray equipment the bypass
factor is used in the calculation of the cooling load.
Bypass factor, therefore, represents that portion of the air
passing thru the spray equipment which is considered to
be leaving the spray chamber completely unaltered from
its entering condition.
     This efficiency of the sprays in the spray chamber is
dependent on the spray surface available and on the time
available for the air to contact the spray water surface.
The available surface is determined by the water particle
size in the spray mist (pressure at the spray nozzle and
the nozzle size), the quantity of water sprayed, number of
banks of nozzles, and the number of nozzles in each
bank. The time available for contact depends on the
velocity of the air thru the chamber, the length of the
effective spray chamber, and the direction of the sprays
relative to the air flow. As the available surface decreases
or as the time available surface decreases or as the time
available for contact decreases, the saturation efficiency
of the spray chamber decreases.  Table 63 illustrates the
relative efficiency of different spray chamber
arrangements.
    The relationship of the spray water temperatures to
the air temperatures is essential in understanding the
psychrometrics of the various spray processes.  It can be
assumed that the leaving water temperature from a spray
chamber, after it has contacted the air, is equal to the
leaving air wet-bulb temperature. The leaving water
temperature will not usually vary more than a degree from
the leaving air wet-bulb temperature. Then the entering
water quantity and the heat required to be added or
removed from the air.
    Table 63 illustrates the relative efficiency of different
spray chamber arrangements.

tedb – tldb      Wea – Wla      hea - hla

tedb – tes      Wea – Wes      hea - hes
= =
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TABLE 63- TYPICAL SATURATION EFFICIENCY*
For Spray Chambers

DIREC- ¼“ NOZZLE 1/8” NOZZLE
NO. TION (25 psig (30 psig
OF OF Nozzle Pressure Nozzle Pressure

BANKS WATER 3 gpm/sq ft†) 2.5 gpm/sq ft†)
SPRAY Velocity‡  (fpm)

300 700 300 700
1 Parallel 70% 50% 80% 60%

Counter 75% 65% 82% 70%
Parallel 90% 85% 92% 87%

2 Opposing 98% 92% 98% 93%
Counter 99% 93% 99% 94%

*Saturation efficiency = 1-BF
 †Gpm/sq ft of chamber face area
 ‡Velocities above 700 fpm and below 300 fpm normally do not
permit eliminators to adequately remove moisture from the air.
Reference to manufacturer’ data is suggested for limiting velocity
and performance.

SPRAY PROCESSES
     Sprays are capable of cooling and dehumidifying,
sensible cooling, cooling and humidifying, and heating
and humidifying.  Sensible cooling may be accomplished
only when the entering air dewpoint is the same as the
effective surface temperature of the spray water.
     The various spray processes are represented on the
psychrometric chart in Fig. 54.  All process lines must go
toward the saturation line, in order to be at or near
saturation.
Adiabatic Saturation or Evaporative Cooling
     Line (1-2) represents the evaporative cooling
process.  This process occurs when air passes thru a
spray chamber where heat has not been added to or
removed from the spray water.  (This does not include
heat gain from the water pump and thru the apparatus
casing.)  When plotted on the psychrometric chart, this
line approximately follows up the line of the wet-bulb
temperature of the air entering the spray chamber.  The
spray water temperature remains essentially constant at
this wet-bulb temperature.
Cooling and Humidification –With Chilled Spray Water
     If the spray water receives limited cooling before it is
sprayed into the air stream, the slope of the process line
will move down from the evaporative cooling line.  This
process is represented by line (1-3).  Limited cooling
causes the leaving air to be lower in dry-and wet-bulb
temperatures, but higher in moisture content, than the air
entering the spray chamber.

FIG. 54- SPRAY PROCESSES

Sensible Cooling
     If the spray water is cooled further, sensible cooling
occurs.  This process is represented by line (1-4).
Sensible cooling occurs only when the entering air
dewpoint is equal to the effective surface temperature of
the spray water; this condition is rare.  In a sensible
cooling process, the air leaving the spray chamber is
lower in dry-and wet-bulb temperatures but equal in
moisture content to the entering air.
Cooling and Dehumidification
     If the spray water is cooled still further, cooling and
dehumidification takes place.  This is illustrated by line (1-
5).  The leaving air is lower in dry-and wet-bulb
temperatures and in moisture content than the air
entering the spray chamber.
Cooling and Humidification – With Heated Spray Water
     When the spray water is heated to a limited degree
before it is sprayed into the air stream, the slope of the
process line rises to a point above the evaporative
cooling line.  This is illustrated by line (1-6).  Note that the
leaving air is lower in dry-bulb temperature, but higher in
wet-bulb temperature and moisture content, than the air
entering the spray chamber.
Heating and Humidification
     If the spray water is sufficiently heated, a heating and
humidification process results.  This is represented by
line (1-7).  In this process the dry-bulb temperature, wet-
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bulb temperature, and moisture content of the leaving air
is greater than that of the entering air.
SPRAY PROCESS EXAMPLES
     The following descriptions and examples provide a
better understanding of the various psychrometric
processes involved in spray washer equipment.
Cooling and Dehumidification
     When a spray chamber is to used for cooling and
dehumidification, the procedure for estimating the load
and selecting the equipment is identical to the procedure
described on page 128 for coils. The “Air Conditioning
Load Estimate” form is used to evaluate the load; bypass
factor is determined by subtracting the selected
saturation efficiency from one. Spray chamber
dehumidifiers may not be rated in terms of apparatus
dewpoint but in terms of entering and leaving wet-bulb
temperatures at the apparatus.  The apparatus dewpoint
must still be determined, however, to evaluate properly
the entering and leaving wet-bulb temperatures and the
dehumidified air quantity.
     Although originally prepared to exemplify the
operation of a coil, Example 1, page 128, is also typical
of the cooling and dehumidifying process using sprays.
Cooling and Dehumidification –Using All Outdoor Air
     When a spray chamber is to be used for cooling and
dehumidifying with all outdoor air, the procedure for
determining adp, entering and leaving conditions at the
chamber, ESHF and cfmda is identical to the procedure
for determining these items for coils using all outdoor air.
Therefore, the description on page 130 and Example 3
may be used to analyze this type of application.
Evaporative Cooling
     An evaporative cooling application is the
simultaneous removal of sensible heat and the addition of
moisture to the air, line (1-2), Fig. 54. The spray water
temperature remains essentially constant at the wet-bulb
temperature of the air.  This is a process in which heat is
not added to or removed from the spray water. (Heat gain
from the water pump and heat gain thru the apparatus
casing are not included.)
     Evaporative cooling is commonly used for those
applications where the relative humidity is to be
controlled but where no control is required for the room
dry-bulb temperature, except to hold it above a
predetermined minimum. When the dry-bulb temperature
is to be maintained during the winter or intermediate
season, heat must be available to the system.  This is
usually accomplished by adding a reheat coil.  When
relative humidity is to be maintained in addition to room

dry-bulb during the winter or intermediate season, a
combination of preheat and reheat coils, or a reheat coil
and spray water heating, is required. The latter method
changes the process from evaporative cooling to one of
the humidification processes illustrated by lines (1-6) or
(1-7) in Fig. 54.
     Evaporative cooling may be used in industrial
applications where the humidity alone is critical, and also
in dry climates where evaporative cooling gives some
measure of relief by removing sensible heat.
     Example 6 illustrates an industrial application
designed to maintain the space relative humidity only
Example 6-Evaporative Cooling
Given:
     An industrial application
     Location – Columbia, South Carolina
     Summer design – 95 F db, 75 F wb
     Inside design – 55% rh
     RSH – 2,100,000 Btu/hr
     RSHF – 1.0
     Use all outdoor air at design load conditions
Find:
     1.  Room dry-bulb temperature at design (trm)
     2.  Supply air quantity (cfmsa)

FIG. 55- EVAPORATIVE COOLING, WITH VARYING
SATURATION EFFICIENCY
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Solution:
1. Determine the room dry-bulb temperature by compromising

between the spray saturation efficiency, the acceptable
room dry-bulb temperature, and the supply air quantity.  To
evaluate these items, use the following equation to
determine the leaving conditions from the spray for various
saturation efficiencies:

The room dry-bulb temperature in the following table results
from various spray saturation efficiencies and is determined
by plotting the RSHF thru the various leaving conditions, to
the design relative humidity, Fig. 55.  Note that the supply
air temperature rise decreases more rapidly than the room
dry-bulb temperature.  Correspondingly, as the supply air
temperature rise decreases, the supply air temperature rise
decreases, the supply air quantity increases in the same
proportion.

SAT DRY-BULE SUPPLY ROOM
EFF TEMP AIR DRY-BULB
(%) LEAVING TEMP TEMP

SPRAYS RISE AT 55% RH
(tldb) (∆t) (trm)

100 75      19        94
  95 76 17.6 93.6
  90 77 16.2 93.2
  85 78 14.7 92.7
  80 79 13.3 92.3

2. Calculate the supply air quantity for the various temperature
rises from the following equation:

SUPPLY AIR SUPPLY AIR
TEMP RISE QUANTITY

(trm-tldb) (cfmsa)
                19 102,400

17.6 110,600
16.2 120,000
14.7 132,300
13.3 146,200

The spray chamber and supply air quantity should
then be selected to result in the best owning and
operating costs. The selection is based primarily on
economic considerations.

Evaporative Cooling Used With A Split System
     There are occasions when using straight evaporative
cooling results in excessive air quantity requirements and

an unsatisfactory air distribution system. This situation
usually arises in applications that are to be maintained at
higher relative humidities (70% or more). To use straight
evaporative cooling with the large air quantity, or to use a
split system with the auxiliary sprays in the space,
becomes a problem of economics which should be
analyzed for each particular application.
    When a split system is used, supplemental spray
heads are usually added to the straight evaporative
cooling system. These spray heads atomize water and
add supplementary moisture directly to the room. This
added moisture is evaporated at the final room wet-bulb
temperature, and the room sensible heat is reduced by
the amount of heat required to evaporate the sprayed
water.
     Table 64 gives the recommended maximum moisture
to be added, based on a 65 F db room temperature or
over, without causing condensation on the ductwork.

TABLE 64- MAXIMUM RECOMMENDED
MOISTURE ADDED TO SUPPLY AIR
Without Causing Condensation on Ducts†

ROOM MOISTURE ROOM MOISTURE
DESIGN Gr/Cu Ft DESIGN Gr/Cu Ft

RH Dry Air RH Dry Air
85 1.25 65 1.50
80 1.30 60 1.60
75 1.35 55 1.70
70 1.40 50 1.80

†These are arbitrary limits which have been established by a
combination of theory and field experience. These limits apply
where the room dry-bulb temperature is 65 F db or over.

     As a rule of thumb, the air is reduced in temperature
approximately 8.3 F for every grain of moisture per cubic
foot added. This value is often used as a check on the
final room temperature as read from the psychrometric
chart.
    Example 7 illustrates an evaporative cooling
application with supplemental spray heads used in the
space.
Example 7 –Evaporative Cooling-With Auxiliary Sprays
Given:
     An industrial application
     Location – Columbia, South Carolina
     Summer design – 95 F db, 75 F wb
     Inside design – 70% rh
     RSH – 2,100,000 Btu/hr
     RSHF – 1.0
     Moisture added by auxiliary spray heads – 19 gr/lb (13.9
        cu ft/lb×1.4 gr/cu ft)
     Use all outdoor air thru a spray chamber with 90% saturation

efficiency.

tldb = tedb – (Sat Eff) (tedb – tewb)*

1.08 (trm – tldb)
RSHcfmsa =

*This equation is applicable only to evaporative cooling applications
where the entering air wet-bulb temperature, the leaving air wet-bulb
temperature, and the entering and leaving water temperature to the
sprays are all equal.
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Find:
     1.  Leaving conditions from spray chamber (tldb, tlwb)
     2.  Room dry-bulb temperature (trm)
     3.  Supply air quantity (cfmsa) with auxiliary sprays
     4.  Supply air quantity (cfmsa) without auxiliary sprays

FIG. 56- EVAPORATIVE COOLING, WITH AUXILIARY
SPRAYS WITHIN THE SPACE

Solution:
1. tldb= tedb-(Sat Eff) (tedb-tewb)

    = 95-.90 (95-75) = 77 F db
tlwb = is the same as the tewb in an evaporative cooling
process, Fig. 56.

2. Room dry-bulb temperature is evaluated by determining the
moisture content of the space.
Wrm = Wsa+19=128+19=147 gr/lb
The 19 gr/lb is the moisture added to the space by the
auxiliary spray heads.
The trm is the point on the psychrometric chart where the Wrm
intersects the 70% design relative humidity line, Fig. 56.
trm = 89.2 F db

3. Psychrometrically, it can be assumed that the atomized
water from the spray heads absorbs part of the room
sensible heat and turns into water vapor at the final room
wet-bulb temperature.  The intersection of this wet-bulb
temperature with the moisture content of the air leaving the
evaporative cooler is the theoretical dry-bulb equivalent
temperature if the auxiliary sprays were not operating.  The
difference between this theoretical dry-bulb equivalent
temperature and the temperature of the spray chamber, tldb,

is used to determine the supply air quantity.
tldb (from spray chamber) = 77 F.
The theoretical dry-bulb temp is 100.75 F, Fig. 56.
Temp rise = 23.75 F db

4. If no auxiliary sprays were to be used, the room design dry-
bulb would be where the RSHF line intersects the room
design relative humidity.  From Fig. 56, the room dry-bulb is
read
trm = 84.7 F db
The supply air quantity required to maintain the room design
relative humidity is determined from the following equation:

         = 253,000 cfm
This air quantity is over three time the air quantity required
when auxiliary sprays are used in the space.  However, it
should be noted that, by reducing the air quantity, the room
dry-bulb temperature increased from 84.7 F to 89.2 F.

Heating and Humidification –With Sprays
     A heating and humidifying application is one in which
heat and moisture are simultaneously added to the air,
line (1-7), Fig. 54. This may be required during the
intermediate and winter seasons or during partial loads
where both the dry-bulb temperature and relative
humidity are to be maintained.
     Heating and humidification may be accomplished by
either of the following methods:

1. Add heat to the spray water before it is sprayed into
the air stream.

2. Preheat the air with a steam or hot water coil and
then evaporatively cool it in the spray chamber.

     Spray water is heated, by a steam to water
interchanger or by direct injection of steam into the water
system.  Since the supply air quantity and the spray water
quantity have been determined from the summer design
conditions, the only other requirement is to determine the
amount of heat to be added to the spray water or to the
preheater.
     For applications requiring humidification, the room
latent load is usually not calculated and the room sensible
heat factor is assumed to be 1.0.
     Example 8 illustrates the psychrometric calculations
for a heating and humidifying application when the spray
water is heated. It should be noted that this type of
application occurs only when the quantity of outdoor air
required is large in relation to the total air quantity.

RSH
1.08 x temp rise       1.08 x 23.75

2,100,000cfmsa =                              =                         = 82,000 cfm

1.08 (trm – tldb)       1.08 (84.7 – 77)
RSH 2,100,000cfmsa =                          =
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Example 8- Heating and Humidification-
                   With Heated Spray Water
Given:
     An industrial application
     Location – Richmond, Virginia
     Winter design – 15 F db
     Inside design – 72 F db, 35% rh
     Ventilation – 50,000 cfmoa (see explanation above)
     Supply air – 85,000 cfmsa
     Design room heat loss – 2,500,000 Btu/hr
     Spray saturation efficiency – 95%
     RSHF (winter conditions) – 95%
     Make-up water – 65 F
Find:
     1.  Supply air conditions to the space (tsa)     2.  Entering and leaving spray water temperature (tew, tlw)
     3.  Heat added to spray water to select water heater.
Solution:

1.

To determine the wet-bulb temperature, plot the RSHF line
on the psychrometric chart and read the wet-bulb at the
point where tsa crosses this line (Fig. 57).  Supply air wet-
bulb to the space = 65.8 F wb.

2. To determine the entering and leaving spray water
temperature, calculate the entering and leaving air
conditions at the spray chamber:

tedb =                                                   = 38.5 F db (31)

To determine wet-bulb temperature of the air entering the

spray chamber, plot the mixture line of outdoor and return
room air on the psychrometric chart, and read the wet-bulb
temperature where tedb crosses the mixture line, Fig. 54.
tewb= 32.4 F wb
The air leaving the spray chamber must have the same
moisture content as the air in the room.
Wrm= Wla = 41 gr/lb
Since the spray chamber has a saturation efficiency of 95%,
the moisture content of completely saturated air is
calculated as follows:

The heating and humidification process line is plotted on the
psychrometric chart between the moisture content of
saturated air (42.3 gr/lb) and the entering conditions to the
spray chamber (38.5 F db and 32.4 F wb), Fig. 57.
The leaving conditions are read from the psychrometric
chart where the room moisture content line (41 gr/lb)
intersects the heating and humidification process line, Fig.
57.
tlwb = 43.6 F db
tlwb = 43.4 F wb
The temperature of the leaving spray water is approximately
equal to the wet-bulb temperature of the air leaving the
spray chamber.
tlw = 43.4 F

NOTE: Numbers in parentheses at right edge of column refer to
equations beginning on page 150.

design room heat loss
1.08 x cfmsa

tsa =                                        + trm

=                            + 72 = 99.2 Fdb2,500,000
1.08 x 85,000

(15 x 50,000) + (72 x 35,000)
85,000

Wsat =                  + Wea
Wla - Wea

Sat Eff
=                 + 17 = 42.3 gr/lb41 - 17

.95

FIG. 57- HEATING AND HUMIDIFICATION, WITH HEATING SPRAY WATER
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The temperature of the entering spray water is dependent
on the water quantity and the heat to be added or removed
from the air.  In this type of application, the water quantity is
usually dictated by the cooling load design requirements.
Assume, for illustration purposes, that this spray washer is
selected for 110 gpm for cooling.
The heat added to the air as it passes through the washer
   = cfmsa ×4.45× (hla-hea)
   = 85,000×4.45× (16.85-12)
   = 1,830,000 Btu/hr
The entering water temperature is determined from the
following equation:

tew = tlw +

     = 43.4 +

     = 76.8 F
3. The heat added to the spray water (for selecting spray water

heater) is equal to the heat added to the air plus the heat
added to the make-up water.  The amount of make-up water
is equal to the amount of moisture evaporated into the air
and is determined from the following equation:

Make-up water =

where:
   wea, Wla  = moisture content of the air entering and

leaving the spray washer in grains per pound
of dry air

   7000      = grains of moisture per pound of dry air
   12.7       = volume of the mixture in cubic feet per pound

of dry air, determined from psychrometric
chart

   8.34       = water in pounds per gallon

Make-up water =                                   = 2.8 gpm

The heat added to the make-up spray water is determind
from the following equation:
Heat added to make-up water
                       = gpm×500 (tew-make-up water temp)
                       = 2.8×500 (76.8-65)
                       = 16,200 Btu/hr
To select a water heater, the total amount of heat added to
the spray water is determined by totaling the heat added to
the air and the heat added to the make-up spray water.
Heat added to spray water
                       = 1,830,000+16,200
                       = 1,846,200 Btu/hr
It the make-up water was at a higher temperature than the
required entering water temperature to the sprays, then a
credit to the heat added to the spray water may be taken.

     In this example a reheat coil is required to heat the air
leaving the spray chamber, at 43.6 F db and at a
constant moisture content of 41 gr/lb, to the required
supply air temperature of 99.2 F db.
     The requirements of the application illustrated in
Example 8 can also be met by preheating the outdoor air
and mixing it with the return air from the space. This
mixture must then be evaporatively cooled to the room
dewpoint (or room moisture content). And finally, the air
leaving the spray chamber must be reheated to the
required supply air temperature.
SORBENT DEHUMIDIFIERS
     Sorbent dehumidifiers contain liquid absorbent or
solid adsorbent which are either sprayed directly into, or
located in, the path of the air stream. The liquid absorbent
changes either physically or chemically, or both, during
the sorption process. The solid adsorbent does not
change during the sorption process.
     As moist air comes in contact with either the liquid
absorbent or solid adsorbent, moisture is removed from
the air by the difference in vapor pressure between the air
stream and the sorbent. As this moisture condenses,

FIG. 58- SORBENT DEHUMIDIFICATION PROCESSES

latent heat of condensation is liberated, causing a rise in
the temperature of the air stream and the sorbent
material. This process occurs at a wet-bulb temperature
that is approximately constant. However, instead of
adding moisture to the air as in an evaporative cooling
process, the reverse occurs. Heat is added to the air and
moisture is removed from the air stream; thus it is a
dehumidification and heating process as illustrated in Fig.
58. = Line (1-2) is the theoretical process and the dotted
line (1-3) can vary, depending on the type of sorbent
used.

heat added to air
500 x gpm

1,830,000
500 x 110

7000 x 12.7 x 8.34
cfmsa (Wla – Wea)

85,000 (41 – 17)
7000 x 12.7 x 8.34
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PSYCHROMETRICS OF PARTIAL LOAD CONTROL
     The apparatus required to maintain proper space
conditions is normally selected for peak load operation.
Actually, peak load occurs but a few times each year and
operation is predominantly at partial load conditions.
Partial load may be caused by a reduction in sensible or
latent loads in the space, or in the outdoor air load. It may
also be caused by a reduction in these loads in any
combination.
PARTIAL LOAD ANALYSIS
    Since the system operates at partial load most of the
time and must maintain conditions commensurate with
job requirements, partial load analysis is at least as
important as the selection of equipment. Partial load
analysis should include a study of resultant room
conditions at minimum total load. Usually this will be
sufficient. Certain applications, however, should be
evaluated at minimum latent load with design sensible
load, or minimum sensible load and full latent load.
Realistic minimum and maximum loads should be
assumed for the particular application so that,
psychrometrically, the resulting room conditions are
properly analyzed.
     The six most common methods, used singly or in
combination, of controlling space conditions for cooling
applications at partial load are the following:

1. Reheat the supply air.
2. Bypass the heat transfer equipment.
3. Control the volume of the supply air.
4. Use on-off control of the air handing equipment.
5. Use on-off control of the refrigeration machine.
6. Control the refrigeration capacity.

     The type of control selected for a specific application
depends on the nature of the loads, the conditions to be
maintained within the space, and available plant facilities.
REHEAT CONTROL
     Reheat control maintains the dry-bulb temperature
within the space by replacing any decrease in the
sensible loads by an artificial load.  As the internal latent
load and/or the outdoor latent load decreases, the space
relative humidity decreases. If humidity is to be
maintained, rehumidifying is required in addition to
reheat. This was described previously under “Spray
Process, Heating and Humidifying.”

Figure 59 illustrates the psychrometrics of reheat
control. The solid lines represent the process at design
load, and the broken lines indicate the resulting process
at partial load. The RSHF value, plotted from room design
conditions to point (2), must be calculated for the
minimum practical room sensible load. The room
thermostat then controls the temperature of the air leaving
the reheat coil along line (1-2). This type of control is
applicable for any RSHF ratio that intersects line (1-2).
    If the internal latent loads decrease, the resulting
room conditions are at point (3), and the new RSHF
process line is along line (2-3). However, if humidity is to
be maintained within the space, the reduced latent load is
compensated by humidifying, thus returning to the design
room conditions.

FIG. 59- PSYCHROMETRICS OF REHEAT CONTROL

BYPASS CONTROL
     Bypass control maintains the dry-bulb temperature
within the space by modulating the amount of air to be
cooled, thus varying the supply air temperature to the
space. Fig. 60 illustrates one method of bypass control
when bypassing return air only.
     Bypass control may also be accomplished by
bypassing a mixture of outdoor and return air around the
heat transfer equipment. This method of control is inferior
to bypassing return air only since it introduces raw
unconditioned air into the space, thus allowing an
increase in room relative humidity.
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FIG. 60- PSYCHROMETRICS OF BYPASS CONTROL WITH RETURN AIR ONLY

     A reduction in room sensible load causes the bypass
control to reduce the amount of air thru the dehumidifier.
This reduced air quantity results in equipment operation
at a lower apparatus dewpoint.  Also, the air leaves the
dehumidifier at a lower temperature so that there is a
tendency to adjust for a decrease in sensible load that is
proportionately greater than the decrease in latent load.
     Bypass control maintains the room dry-bulb
temperature but does not prevent the relative humidity
from rising above design.  With bypass control, therefore,
increased relative humidity occurs under conditions of
decreasing room sensible load and relatively constant
room latent load and outdoor air load.
     The heavy lines in Fig. 60 represent the cycle for
design conditions.  The light lines illustrate the initial cycle
of the air when bypass control first begins to function.
The new room conditions, mixture conditions and
apparatus dewpoint continue to change until the
equilibrium point is reached.
     Point (2) on Figs. 60 and 61 is the condition of air
leaving the dehumidifier.  This is a result of a smaller
bypass factor and lower apparatus dewpoint caused by

less air thru the cooling equipment and a smaller load on
the equipment.  Line (2-3-4) represents the new RSHF
line caused by the reduced room sensible load.  Point (3)
falls on the new RSHF line when bypassing return air only.
     Bypassing a mixture of outdoor and return air causes
the mixture point (3) to fal on the GSHF line, Fig. 60.  The
air is then supplied to the space along the new RSHF line
(not shown in Fig. 60) at a higher moisture content than
the air supplied when bypassing return air only.  Thus it
can be readily observed that humidity control is further
hindered with the introduction of unconditioned outdoor
air into the space.
VOLUME CONTROL
     Volume control of the supply air quantity provides
essentially the same type of control that results from
bypassing return air around the heat transfer equipment,
Fig. 60.  However, this type of control may produce
problems in air distribution within the space and,
therefore, the required air quantity at partial load should
be evaluated for proper air distribution.
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FIG. 61- SCHEMATIC SKETCH OF BYPASS CONTROL
WITH BYPASS OF RETURN AIR ONLY

ON-OFF CONTROL OF AIR HANDLING EQUIPMENT
     On-off control of air handling equipment (fan-coil
units) results in a fluctuating room temperature and space
relative humidity.  During the “off” operation the ventilation
air supply is shut off, but chilled water continues to flow
thru the coils.  This method of control is not
recommended for high latent load applications, as control
of humidity may be lost at reduced room sensible loads.
ON-OFF CONTROL OF REFRIGERATION EQUIPMENT
     On-off control of refrigeration equipment (large
packaged equipment) results in a fluctuating room
temperature and space relative humidity.  During the “off”
operation air is available for ventilation purposes but the
coil does not provide cooling.  Thus, any outdoor air in
the system is introduced into the space unconditioned.
Also the condensed moisture that remains on the cooling
coil, when the refrigeration equipment is turned off, is re-
evaporated in the warm air stream.  This is known as re-
evaporation.  Both of these conditions increase the space

latent load, and excessive humidity results.  This method
of control is not recommended for high latent load
applications since control of humidity may be lost at
decreased room sensible loads.
REFRIGERATION CAPACITY CONTROL
     Refrigeration capacity control may be used on either
chilled water or direct expansion refrigeration equipment.
Partial load control is accomplished on chilled water
equipment by bypassing the chilled water around the air
side equipment (fan-coil units).  Direct expansion
refrigeration equipment is controlled either by unloading
the compressor cylinders or by back pressure regulation
in the refrigerant suction line.
     Refrigeration capacity control is normally used in
combination with bypass or reheat control.  When used in
combination, results are excellent.  When used alone,
results are not as effective.  For example, temperature
can be maintained reasonably well, but relative humidity
will rise above design at partial load conditions, because
the latent load may not reduce in proportion to the
sensible load.
PARTIAL LOAD CONTROL
     Generally, reheat control is more expensive but
provides the best control of conditions in the space.
Bypass control, volume control and refrigeration capacity
control provide reasonably good humidity control in
average or high sensible heat factor applications, and
poor humidity control in low sensible heat factor
applications.  On-off control usually results in the least
desirable method of maintaining space conditions.
However, this type of control is frequently used for high
sensible heat factor applications with reasonably
satisfactory results.
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TABLE 65- APPARATUS DEWPOINTS
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TABLE 65- APPARATUS DEWPOINTS (Continued)
79 – 72 F DB
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TABLE 65- APPARATUS DEWPOINTS (Continued)

*The values shown in the gray areas indicate the lowest effective
sensible heat factor possible without the use of reheat.  This limiting
condition is the lowest effective sensible heat factor line that
intersects the saturation curve.  Note that the room dewpoint is
equal to the required apparatus dewpoint for an effective sensible
heat factor of 1.0.
NOTES FOR TABLE 65:
1. For Room Conditions Not Given; The apparatus dewpoint may

be determined from the scale on the chart, or may be calculated
as shown in the following equation:

      ESHF =

This equation in more familiar form is:

       ESHF =

72 – 55 F DB

1 + .628 (Wrm – Wadp)
(trm – tadp)

1

0.244 (trm – tadp)

0.244 (trm – tadp) +            (Wrm – Wadp)
1076
7000 (Cont.)
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where wrm      = room moisture content, gr/lb of dry air
Wadp    = moisture content at apparatus dewpoint, gr/lb

of dry air
trm       = room dry-bulb temperature
tadp      = apparatus dewpoint temperature
0.244  = specific heat of moist air at 55 F dewpoint, Btu

per deg F per lb of dry air
1076   = average heat removal required to condense

one pound of water vapor from the room air
7000   = grains per pound.

2. For High Elevations.  For effective sensible heat factors
at high elevations, see Table 66.

3. For Apparatus Dewpoint Below Freezing.  The latent
heat of fusion of the moisture removed is not included in
the calculation of apparatus dewpoint below freezing or
in the calculation of room load, in order to simplify
estimating procedures.  Use the same equation as in
Note 1. The selection of equipment on a basis of 16 to
18 hour operating time provides a safety factor large
enough to cover the omission of this latent heat of
fusion, which is a small part of the total load.

TABLE 66- EQUIVALENT EFFECTIVE SENSIBLE HEAT FACTORS FOR VARIOUS ELEVATIONS*
For use with sea level psychrometric chart or tables

Effective
Sensible Heat Elevation (Feet) and Barometric Pressure (Inches of Hg) at Installation
Factor from Air 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Conditioning (28.86) (27.82) (26.82) (25.84) (24.89) (23.98) (23.09) (22.12) (21.39) (20.57)

Load Estimate Equivalent Effective Sensible Heat Factor Referred to a Sea Level Psychrometric Chart or Tables
.95 .95 .95 .95 .96 .96 .96 .96 .96 .96 .96
.90 .90 .91 .91 .91 .92 .92 .92 .92 .93 .93
.85 .85 .86 .86 .87 .87 .88 .88 .88 .89 .89
.80 .81 .81 .82 .82 .83 .83 .84 .84 .85 .85
.75 .76 .76 .77 .78 .78 .79 .80 .80 .81 .81
.70 .71 .72 .72 .73 .74 .75 .75 .76 .77 .77
.65 .66 .67 .68 .68 .69 .70 .71 .71 .72 .73
.60 .61 .62 .63 .64 .64 .65 .66 .67 .68 .69
.55 .56 .57 .58 .59 .60 .61 .61 .62 .63 .64
.50 .51 .52 .53 .54 .55 .56 .57 .57 .58 .59

*Values obtained by use of equation

    ESHFe =

where po       = barometric pressure at sea level
p1       = barometric pressure at high elevation
ESHF  = ESHF obtained from air conditioning load

estimate
ESHFe = equivalent ESHF referred to a sea level

psychrometric chart or Table 66

NOTES FOR TABLE 66:
1. The required apparatus dewpoint for the high elevation is

determined from the sea level chart or Table 65 by use of the
equivalent effective sensible heat factor. The relative humidity
and dry-bulb temperature must be used to define the room
condition when using this table because the above

equation was derived on this basis.  The room wet-bulb
temperature must not be used because the wet-bulb
temperature corresponding to any particular condition, for
example, 75 F db, 40% rh, at a high elevation is lower (except
for saturation) than that corresponding to the same condition
(75 F db, 40% rh) at sea level.  For the same value of room
relative humidity and dry-bulb temperature, and the same
apparatus dew-point, there is a greater difference in moisture
content between the two conditions at high elevation than at
sea level.  Therefore, a higher apparatus dewpoint is required
at high elevation for a given effective sensible heat factor.

2. Air conditioning load estimate (See Fig. 44).  The factors 1.08
and .68 on the air conditioning load estimate should be

multiplied by the direct ratio of the barometric pressures        .

Using this method, it is assumed that the air quantity (cfm) is
measured at actual conditions rather than at standard air
conditions. The outdoor and room moisture contents, grains
per pound, must also be corrected for high elevations.

3. Reheat-Where the equivalent effective sensible heat factor is
lower than the shaded values in Table 65, reheat is required.

(p1)
(po)

(p1) (1 – ESHF)
(po) (ESHF) + 1

1
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A
Abbreviations
Absorbent dehumidifier, see

sorbent
dehumidifiers

Adiabatic saturation, see spray
processes

Adsorbent dehumidifier, see.
sorbent
dehumidifiers

Air
By passed around
conditioning equipment
heat gain from outdoor

Air conditioning
adiabatic saturation
cooling and
dehumidification
cooling and humidification
evaporate cooling
heating and
dehumidification, see
sorbent dehumidifiers
heating and humidification
sensible cooling
sensible heating sorbent
dehumidifiers

Air conditioning apparatus
coil characteristics
sorbent dehumidifiers
sprays characteristics

Air conditioning load estimate,
form
internal load
outdoor load

Air constants, derivation
Air density difference  effect on

infiltration
Air quantity

from air conditioning load
estimate form
psychrometric calculations

Altitude angles, solar

table 18
Apparatus dewpoint

high altitude selection
table 66
psychrometric principle
table

Appliances, heat gain from all
types, see heat gain,
internal

Azimuth angles, solar
table 18

B
Bibliography
Building survey

heat load sources
location of equipment
location of services
space characteristics

Bypass control, for partial load
Bypass factor

coils
table 61

C

Centrifugal fan capacities
table 46

Coil characteristics, bypass
factor
table 61

Coil processes
cooling and
dehumidification
with all outdoor air
with high latent load
cooling with humidification
sensible cooling
sensible heating

Computers, electronic, heat

gain from, see heat
gain, internal

Condensation
maximum room rh without
con-densation
chart 2
maximum moisture added
to supply
air without causing
condensation on supply
ducts
table 64

Cooling and dehumidification
with coils, see coil
processes
with sprays, see spray
processes

Cooling and humidification
with coils, see coil
processes
with sprays, see spray
processes

Cooling loads, diversity of
table 14

Cooling processes
with coils, see coil
processes
with sprays, see spray
processes

Crack method
summer infiltration thru
doors
and
windows
table 44
winter infiltration thru doors
and
windows
table 44
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D

Dehumidifier pump, heat gain to
system, see heat gain,
system

Dehumidifier, sorbent, see
sorbent dehumidifiers

Design conditions
industrial processes
table 5
inside factory comfort,
winter and summer
table 4
inside summer comfort
table 4
inside winter comfort
table 4
maximum outdoor design,
summer
table 1
normal outdoor design,
summer
table 1
normal outdoor design,
winter, table 1
outdoor design corrections
for time of day
table 2
outdoor design corrections
for time of year
table 3

Diversity, of cooling loads
table 14

Door infiltration, see infiltration
Duct

heat gain to return duct, see
heat gain, system
heat gain to supply duct,
see heat gain, system
leakage loss, supply and
return duct, see heat gain,
system

E

Effective sensible heat factor
Effective surface temperature
Electric appliances, heat gain

From all types, see heat
gain,internal

Electric motors, heat gain from,

see heat gain, internal
Electronic computers, heat gain

from, see heat gain, internal
Equipment selection
Equivalent temperature
difference

roofs, sunlit and shaded
table 20
walls, sunlit and shaded
table 19

Evaporative cooling, see spray
processes

F
Factory, inside comfort design

conditions
table 4

Pan capacity
centrifugal, table 46
propeller, table 47

Fan motors, heat gain to See
heat gain, system

Formulas, see psychrometric
formulas

G

Gas appliances, heat gain from
All types, see heat gain, internal
Grand sensible heat factor
Ground temperature, for

calculating heat loss thru
basement floors and walls

tables 16

H
Heat flow, thru building
structures
Heat gain, internal

appliances, electric and gas
burning, miscellaneous
appliances, hooded
appliances, electric,
restaurant,
table 50
appliances, gas burning,
restaurant
table 51

appliances, steam heated,
restaurant
table 51
electronic computer
equipment
latent, credit to room
sensible
heat
lights
table 49
moisture absorption motors,
electric
table 53
people
table 48,
pipes, bare steel
table 54
pipes, insulated
table 55
pipes, insulated cold
table 56
steam
storage factors for lights
table 12
tanks, uninsulated
table 57
water surface
table 58

Heat gain, solar
direct and diffuse
factors for glass block
table 17
over-all factors or types of
glass,
table 16
peak solar, thru ordinary
glass
table 6
storage factors or glass,
bare or
external shade
table 8,24-hour operation
table 10, 16-hour operation
table 11,12-bour operation
storage factors for glass,
intern shade
table 7, 24-hour operation
table 9,16-hour operation
table 11 12-hour operation,
thru ordinary glass
table 15

Heat gain, system
air conditioning fan
horsepower
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table 59
dehumidifier pump
horsepower
table 60
percent addition to grand
total heat
percent addition to room
sensible and latent heat
return air duct heat gain
chart 3
return air duct leakage gain
safety factor to room
sensible and latent heat
supply air duct heat gain
chart 3
supply air duct leakage loss

Heating and dehumidification,
see sorbent dehumidifiers

Heating and humidification
with sprays, see spray
processes

Heating load estimate
form

Heat loss
thru basement floors and
walls in the ground
tables 35 thru 37

Heating
with coils, see coil
processes
with sorbent dehumidifiers,
see sorbent dehumidifiers
with sprays, see spray
processes

Heat storage
factors for solar heat gain
thru glass, bare or external
shade
table 8, 24-hour operation
table 10, 16-hour operation
table 11 ,12-hour operation
factors for solar heat gain
thru glass, internal shade
table 7, 24-hour operation
table 9, 16-hour operation
table 11, 12-hour operation
factors -for space
temperature
swing
table 13
precooling as means of
increasing storage
stratification of heat

Heat stratification, storage of
heat

Heat transmission coefficient,
see transmission coefficient

U
High altitude
apparatus dewpoints
table 66
load calculation
Hooded appliances, see heat
gain, internal

I

Industrial process design
conditions, inside design

table 5
Infiltration

air density difference
offsetting with outdoor air,
summer
table 42
stack effect, thru windows
and doors summer
table 41
summer, crack method
table 44
winter
table 43
winter, crack method
table 44
wind velocity effect

Inside design conditions
factory comfort
table 4
industrial process
table 5
summer and winter comfort
table 4

Insulated cold pipe
heat gain from, see heat
gain, internal
transmission coefficient for,
see transmission coefficient
U

Insulated pipe
heat gain from, see heat
gain, internal
transmission coefficient for,
see transmission coefficient
U

Internal heat gain, see heat

gain, internal

L
Lights, heat gain from, see heat

gain, internal

M
Moisture absorption, heat gain

from, see heat gain, internal
Motors, heat gain from, see heat

gain, internal, and heat
gain, system

0
On-off control of air handling
equipment, for partial load

Control
On-off control of refrigeration
equipment, for partial load
control
Outdoor design conditions

corrections for time of day
table 2
corrections for time of year
table 3
maximum design, summer
normal design, summer
normal design, winter
summer and winter
table 1

P
Partial load control

bypass control
on-off control of air handling
equipment
on-off control of refrigeration
equipment
refrigeration capacity
control
reheat control
volume control

People, heat gain from, see heat
gain, internal

Pipe
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heat gain from, see heat
gain internal
transmission coefficient for,
see transmission coefficient
U

Precooling, as means of
increasing storage, 1-3

Propeller fan, capacity
table 47

Psychrometric chart
Psychrometric formulas

air mixing
bypass factor
cooling load
derivation of air constants
sensible heat factor
temperature at cooling
apparatus
temperature for supply air to
space

Psychrometric terms
abbreviations
apparatus dewpoint, see
effective surface
temperature
table 65, standard
conditions
table 66, high altitude
bypass factor
table 61, coil equipment
effective sensible heat
factor effective surface
temperature
grand sensible heat factor
partial load control
required air quantity
room sensible heat factor
saturation efficiency
table 63, sprays
sensible heat factor
symbols

Pump, heat gain from, see heat
gain, system

R
Refrigeration capacity control,

for partial load control
Reheat control, for partial load
Relative humidity, room,

maximum, without
condensation,
chart 2

Restaurant appliances, heat
gain from, see heat gain,
internal

Return air duct
heat gain to, see heat gain
system
leakage loss from, see heat
gain, system

Room sensible heat factor

S
Saturation efficiency

for sprays
table 63

Scheduled ventilation
Sensible cooling

with coils, see coil
processes
with sprays, see spray
processes

Sensible heat factor
Sensible heating, with coils, see

coil processes
Shading

from reveals, overhangs,
fins and adjacent buildings
chart 1
table 18

Solar altitude angles
table 18

Solar azimuth angles
table 18

Solar heat gain, see heat gain,
solar

Sorbent dehumidifiers liquid
absorbent
solid adsorbent

Space precooling, as means of
increasing heat storage

Space temperature swing
storage factors
table 13

Spray characteristics
saturation efficiency
table 63

Spray processes
adiabatic saturation
cooling and
dehumidification
cooling
and dehumidification
with all outdoor air

cooling and humidification,
with chilled spray water
cooling and humidification,
with heated spray water
evaporative cooling
evaporative cooling used
with a split system
heating and humidification
sensible cooling

Stack effect, on infiltration
Steam appliances, heat gain

from all types, see heat
gain, internal

Steel pipe
heat gain from, see heat
gain, internal
transmission coefficient for,
see transmission coefficient
U

Storage load factors
internal heat gain for lights
table 12, 12- and 24-hour
operation
solar heat gain thru glass,
bare
glass or external shade
table 8, 24-hour operation
table 10, 16-hour operation
table 11, 12-hour operation
solar heat gain thru glass,
internal shade
table 7, 24-hour operation
table 9, 16-hour operation
table 11, 12-hour operation
space temperature swing
table 13

Storage of heat
building structures
constant space temperature
diversity of cooling loads
table 14
equipment operating
periods
heat stratification
precooling space

Stratification of heat
Summer infiltration, see

infiltration
Summer inside design
conditions,

see design conditions
Summer outdoor design
conditions, see design

conditions
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Sun load, heat gain due to, see
heat gain, solar

Supply air duct
heat gain to, see heat gain,

system leakage loss from, see
heat gain, system

System heat gain, see heat
gain, system

Symbols, see psychrometric
terms,

T
Tanks

heat gain from, see heat
gain, internal
transmission coefficient for,
see transmission coefficient
U

Temperature swing, see heat
storage

Thermal resistance R
air space and film
table 34
building materials
table 34
insulating materials
table 34

Transmission coefficient U
air spaces
table 31
ceilings, masonry
construction,
table 29
table 30
doors
table 33
floors, frame construction
table 29,
heat flow up
table 30
heat flow down
floors, masonry construction
table 29
table 30
floors, masonry, in ground
table 35
insulation
table 31
table 32
partitions, frame
table 25
partitions, masonry

table 26
pipes, bare steel
table 54
pipes, ice coated, in water
table 38
pipes, immersed in water or
brine
table 39
pipes, insulated
table 55
pipes, insulated cold
table 56
roofs, flat, covered with
built-up roofing
table 27
table 32
roofs, pitched
table 28
skylights
table 33
tanks, uninsulated
table 57
walls, frame
table 25
walls, glass block
table 33
walls, industrial, light
construction
table 23
walls, masonry
table 2
walls, masonry, in ground
table 35
walls, masonry veneer
table 22
windows
table 33

U
Uninsulated tanks

heat gain from, see heat
gain, internal
transmission coefficient for,
see ransmission coefficient
U

V
Ventilation

scheduled
standards
table 45

Volume control, for partial load

W
Water surface, heat gain from

See heat gain internal
Water vapor transmission

air space
table 40
building materials and
structures
table 40
ceilings
table 40
floors
table 40
insulating materials
table 40
packaging materials
table 40
paint films
table 40
paper
table 40
paper, sheathing
table 40
partitions
table 40
roofs
table 40
roofing felt
table 40
walls
table 40

Window infiltration, see
infiltration

Wind velocity, effect on
infiltration, see infiltration

Winter infiltration, see infiltration
Winter inside design conditions,

see design infiltration
Winter outdoor design
conditions

see design conditions
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Fig. 1 - Air Conditioning Load Estimate
Fig. 2 – Heating Load Estimate
Fig. 3 – Actual Cooling Load, Solar Heat Gain, West Exposure, Average Construction
Fig. 4 – Actual Cooling Load from Fluorescent Lights, Average Construction
Fig. 5 – Actual Cooling Load, Solar Heat Gain Lights, Average Construction
Fig. 6 – Pulldown Load, Solar Heat Gain, West Exposure, 16 Hour Operation
Fig. 7 – Actual Cooling Load, Solar Heat Gain, West Exposure, 16-hour Operation
Fig. 8 – Pulldown Load, Solar Heat Gain, West Exposure, 12 Hour Operation
Fig. 9 – Actual Cooling Load, Solar Heat Gain, West Exposure, 12-hour Operation
Fig. 10 – Actual Cooling Load from Fluorescent Light,12 and-16 hour Operation
Fig. 11 – Actual Cooling Load With Varying Room Temperature
Fig. 12 – Reaction on Solar Heat (R), Ordinary Glass, 30° Angle of Incidence
Fig. 13 – Reaction on Solar Heat (R), Ordinary Glass, 80° Angle of Incidence
Fig. 14 – Window Areas
Fig. 15 - Reaction on Solar Heat (R), 52% Heat Absorbing Glass, 30° Angle of Incidence
Fig. 16 - Reaction on Solar Heat (R),1 ⁄4 – Inch Plate Glass, White Venetian Blind, 30° Angle of Incidence
Fig. 17 - Reaction on Solar Heat (R),1 ⁄4 – Inch Plate Glass, White Venetian Blind, 1 ⁄4 – Inch Plate

 Glass,  30° Angle of Incidence
Fig. 18 – Solar Angles
Fig. 19 – Shading by Wall Projections
Fig. 20 – Shading of Building by Adjacent Building
Fig. 21 – Shading of Reveal and Overhang
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Fig. 22 – Solar Heat Absorbed in First Slice

Fig. 23 – Behavior of Absorbed Solar Heat during Second Time Interval

Fig. 24 - Behavior of Absorbed Solar Heat during Third Time Interval

Fig. 25 - Behavior of Absorbed Solar Heat during Second Time Interval plus Additional Solar Heat Absorbed

during This Interval

Fig. 26 - Behavior of Absorbed Solar Heat during Third Time Interval plus Additional Solar Heat Absorbed during

This Interval

Fig. 27–  Outdoor wall

Fig. 28 – Condensation Within Frame Wall

Fig. 29 - Condensation on Window Surface

Fig. 30 – Conversion of Electric Power to Heat and Light With Incandescent Lights, Approximate

Fig. 32 – Skeleton Psychrometric Chart

Fig. 33 – Typical Air  Conditioning Process Traced on a Standard Psychrometric Chart

Fig. 34 – RSHF Line Plotted Between Room and Supply Air Conditions

Fig. 35 – RSHF Line Plotted on Skeleton Psychrometric Chart

Fig. 36 – GSHF Line Plotted Between Mixture Conditions to Apparatus and Leaving Condition From Apparatu

Fig. 37 – GSHF Line Plotted on Skeleton Psychrometric Chart

Fig. 38 – RSHF and GSHF Lines Plotted on  Skeleton Psychrometric Chart

Fig. 39 – RSHF and GSHF Lines Plotted with Supplementary Load Line

Fig. 40 – Relationship of Effective Surface Temp to Supply Air and Chilled Water

Fig. 41 – RSHF and GSHF Lines Plotted on Skeleton Psychrometric Chart

Fig. 42 – RSHF, GSHF and ESHF Lines Plotted on Skeleton Psychrometric Chart

Fig. 43 – ESHF Lines Plotted on Skeleton Psychrometric Chart

Fig. 44 – Air Conditioning Load Estimate

Fig. 45 – Bypassing Mixture of Outdoor and Return Air

Fig. 46 – Bypassing Return Air Only or No Fixed Bypass

Fig. 47 – Entering and Leaving Conditions at Apparatus

Fig. 48 – Coil Processes

Fig. 49 – Coil and Dehumidification

Fig. 50 – Cooling and Dehumidification with High Latent Load

Fig. 51 – Cooling and Dehumidification Adding No Moisture to the Space

Fig. 52 – Cooling and Dehumidification Adding Moisture Into the Space

Fig. 53 – Sensible Cooling

Fig. 31 – Conversion of Electric Power to Heat and Light With , ApproximateFluorescent  Lights

www.HVAC-ENG.com



Fig. 54 – Spray Processes
Fig. 55 – Evaporative Cooling, With Varying Saturation Efficiency
Fig. 56 – Evaporative Cooling, With Auxiliary Sprays Within the Space
Fig. 57 – Heating and Humidification, With Heating Spray Water
Fig. 58 – Sorbent Dehumidification Processes
Fig. 59 – Psychrometrics of Reheat Control
Fig. 60 – Psychrometrics of Bypass Control With Return Air Only
Fig. 61 – Schematic Sketch of Bypass Control With Return Air Only
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INDEX

SYSTEM   DESIGN  MANUAL

SUMMARY OF PART TWO

 This part of the System Design Manual presents
data and examples to the engineer in practical design and layout of
air handling equipment, ductwork and air destribution components.

The text of this  manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.
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CHAPTER 1. AIR HANDLING APPARATUS

This chapter describes the location and layout of air
handling apparatus from the outdoor air intake thru the fan
discharge on a standard air conditioning system.
Construction details are also included for convenience.

Air handling apparatus can be of three types: (1)
built-up apparatus where the casing for the conditioning
equipment is fabricated and installed at or near the job
site; (2) fan coil equipment that is manufactured and
shipped to the job site, either completely or partially
assembled; and (3) self-contained equipment which is
shipped to the job site completely assembled.

This chapter is primarily concerned with built-up
apparatus; fan coil and self-contained equipment are
discussed in Part 6. In addition to the built-up apparatus,
items such as outdoor air louvers, dampers, and fan
discharge connections are also discussed in the chapter.
These items are applied to all types of apparatus.

Equipment location and equipment layout must be
carefully studied when designing are handling apparatus.
Thus two items are discussed in detail in the following
pages.
LOCATION
 The location of the air handling apparatus directly
influence the economic and sound level aspects of any
system.
ECONOMIC CONSIDERATION

The air handling apparatus should be centrally
located to obtain a minimum-first-cost system. In a few
instances, however, it may be necessary to locate the
apparatus, refrigeration machine, and cooling tower in one
area, to achieve optimum system cost. When the three
components are grouped in one location, the cost of extra
ductwork is offset by the reduced piping cost. In addition,
when the complete system becomes large enough to
require more than one refrigeration machine, grouping the
mechanical equipment on more than one floor becomes
practical. This design is often used in large buildings. The
upper floor equipment handles approximately the top 20
to 30 floors, and the lower floor equipment is used for the
lower 20 to 30 floors.

Occasionally a system is designed requiring a
grouping of several units in one location, and the use of
single unit in a remote location. This condition should be

carefully studied to obtain the optimum coil selection-
versus-piping cost for the remotely located unit. Often, the
cost of extra coil surface is more than offset by the lower
pipe cost for the smaller water quantity resulting when the
extra surface coil is used.
SOUND LEVEL CONSIDERATIONS

It is extremely important to locate the air handling
apparatus in areas where reasonable sound levels can be
tolerated. Locating apparatus in the conditioned space or
adjacent to areas such as conference rooms, sleeping
quarters and broadcasting studios is not recommended.
The following items point up the conditions that are usually
created by improper location; these conditions can be
eliminated by careful planning when making the initial
placement of equipment:

1. The cost of correcting a sound or vibration
problem after installation is much more than the
original cost of preventing it.

2. It may be impossible to completely correct the
sound level, once the job is installed.

3. The owner may not be convinced even after the
trouble has been corrected.

The following practices are recommended to help
avoid sound problems for equipment rooms located on
upper floors.

1. In new construction, locate the steel floor framing
to match equipment supports designed for
weights, reactions and speeds to be used. This
transfers the loads to the building columns.

2. In existing buildings, use of existing floor slabs
should be avoided. Floor deflection can, at times,
magnify vibration in the building structure.
Supplemental steel framing is often necessary to
avoid this problem.

3. Equipment rooms adjacent to occupied spaces
should be acoustically treated.

4. In apartments, hotels, hospitals and similar
buildings, non-bearing partition walls should be
separated at the floor and ceilings adjoining
occupied spaces by resilient materials to avoid
transmission of noise vibration.

5. Bearing walls adjacent to equipment rooms
should be acoustically treated on the occupied
side of the wall.
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LAYOUT
Package equipment is usually factory shipped with all

of the major equipment elements in one unit. With this
arrangement, the installation can be completed by merely
connecting the ductwork and assembling and installing
the accessories.

In a central station system, however, a complete,
workable and pleasing layout must be made of all major
components. This involves considerations usually not
present in the unitary equipment installation.

The shape and cross-sectional area of the air
handling equipment are the factors that determine the
dimensions of the layout. The dehumidifier assembly or
the air cleaning

equipment usually dictates the overall shape and
dimensions. A superior air handling system design has a
regular shape. A typical apparatus is shown in Fig 1. The
shape shown allows for a saving in sheet metal fabrication
time and, therefore, is considered to be better industrial
appearance. From a functional standpoint, an irregular
shaped casing tends to cause air stratification and
irregular flow patterns.

The most important rule in locating the equipment   for
the  air  handling  apparatus is to arrange  the   equipment
along  a  center line for the best  air  flow  conditions.  This
arrangement   keeps   plenum   pressure   losses   to   a
minimum, and is illustrated in Fig 1.

Fig. 1 – Typical Central Station Equipment
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EQUIPMENT
This section describes available central station

apparatus equipment and recommends suitable
application of the various components.
OUTDOOR AIR LOUVERS AND SCREEN

Fig 2. Illustrates outdoor air louvers that minimize the
entry of snow and water into the equipment. It is
impossible to completely eliminate all moisture with
vertical louvers, and this is usually not necessary. The
screen is added to arrest most foreign materials such as

paper, trash and birds. Often the type of screen required
and the mesh are specified by codes.

The screen and louver is located sufficiently above
the roof to minimize the pickup of roof dust and the
probability of snow piling up and subsequently entering
the louver during winter operation. This height is
determined by the annual snowfall. However, a minimum
of 2.5 feet is recommended for most areas. In some
locations, doors are added outside the louver for closure
during extreme in element weather such as hurricanes
and blizzards.

Fig. 2 – Outdoor Air Louver and Screen
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It is best to locate the outdoor air louver in such a
manner that cross contamination from exhaust fan to
louver does not occur, specifically toilet and kitchen
exhaust. In addition, the outdoor air intake is located to
minimize pulling air over a long stretch of roof since this
increases the outdoor air load during summer operation.

Chart 1 is used to estimate the air pressure loss at
various face velocities when the outdoor louvers are
constructed, as shown in Fig 2.

There are occasions when outdoor air must be drawn
into the apparatus thru the roof. One convenient method
of accomplishing this is shown in Fig 3. The gooseneck
arrangement shown in this figure is also useful for exhaust
systems.
LOUVER DAMPERS

The louver damper is used for three important
functions in the air handling apparatus: (1) to control and
mix outdoor and return air; (2) to bypass heat transfer
equipment; and (3) to control air quantities handled by
the fan.

Fig. 4 shows two damper blade arrangements. The
single action damper is used in locations where the
damper is either fully open or fully closed. A double-
acting damper is used where control of air flow is
required. This arrangement is superior since the air flow is
throttled more or less in proportion to the blade position,
whereas the single action type damper tends to divert the
air and does little or no throttling until the blades are
nearly closed.

Outdoor and return air dampers are located so that
good mixing of the two air streams occurs. On
installations that operate 24 hours a day and are located
in a mild climate, the outdoor damper is occasionally
omitted.

With the fan operating and the damper fully closed,
leakage cannot be completely eliminated. Chart 2 is used
to approximate the leakage that occurs, based on an
anticipated pressure difference across the closed
damper.

Table 1 gives recommendations for various louver
dampers according to function, application, velocities
and type of action required.

Fig. 3 – Gooseneck Outside Air Intake
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CHART 1 – LOUVER PRESSURE DROP CHART 2 – LOUVER DAMPER LEAKAGE

TABLE  1 – LOUVER DAMPERS
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Fig. 4 – Louver Damper Arrangements
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Fig. 5 – Relief Damper
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RELIEF DAMPERS
Figure 5 shows a typical relief damper. This

accessory is used as a check damper on exhaust
systems, and to relieve excess pressure from the
building.
AIR CLEANING EQUIPMENT

A variety of air filtering devices is available, each with
its own application. The pressure drop across these
devices must be included when totaling the static
pressure against which the fan must operate. Filters are
described in detail in Part 6.

HEATING COILS
Heating coils can be used with steam or hot water.

They are used for preheating, and for tempering or
reheating. The air velocity thru the coil is determined by
the air quantity and the coil size. The size may also be
determined by a space limitation or by the recommended
limiting velocity of 500 to 800 fpm. The number of rows
and fin spacing is determined by the required
temperature rise. Manufacturer’s data lists pressure drop
and capacity for easy selection

Steam coils must be installed so that a minimum of
18 in. is maintained between the condensate outlet and
the floor to allow for traps and condensate piping.
Preheat Coils

Non-freeze coils are recommended for preheat
service, particularly if air below the freezing temperature
is encountered. To reduce the coil first cost, the preheater
is often sized and located in only the minimum outdoor air
portion of the air handling apparatus. If a coil cannot be
selected at the required load and desired steam
pressure, it is better to make a selection that is slightly
undersize than one that is oversize. An undersized coil
aids in preventing coil freeze-up.

The use of two coils for preheating also minimizes the
possibility of freeze-up. The first coil is deliberately
selected to operate with full steam pressure at all times
during winter operation. In this instance, the air is heated
from outdoor design to above the freezing temperature.
The second coil is selected to heat the air from the
freezing temperature to the desired leaving temperature.
The temperature of the air leaving the second coil is
automatically controlled. Refer to Part 3, “Freeze-up
Protection.”

In addition to the normal steam trap required to drain
the coil return header, a steam supply trap immediately
ahead of the coil is recommended. These traps must be
located outside the apparatus casing.

Most coils are manufactured with a built-in tube pitch
to the return header. If the coil is not constructed in this

manner, it must be pitched toward the return header
when it is installed.

To minimize coil cleaning problems, filters should be
installed ahead of the preheaters.
Reheat or Tempering Coils

Coils selected for reheat service are usually
oversized. In addition to the required load, a liberal safety
factor of from 15% to 25% is recommended. This allows
for extra load pickup during early morning operation, and
also for duct heat loss which can be particularly
significant on long duct runs.

These coils are similar to preheat coils in that the
tubes must be pitched toward the return header.
COOLING COILS

Cooling coils are used with chilled water, well water
or direct expansion for the purpose of precooling, cooling
and dehumidifying or for after cooling. The resulting
velocity thru the cooling coil is dictated by the air
quantity, coil size, available space, and the coil load.
Manufacturer’s data gives recommended maximum air
velocities above which water carry-over begins to occur.
SPRAYS AND ELIMINATORS

Spray assemblies are used for humidifying
dehumidifying or washing the air. One item often
overlooked when designing this equipment is the bleeder
line located on the discharge side of the pump. In
addition to draining the spray heads on shutdown, this
line controls the water concentrates in the spray pan. See
Part 5, Water Conditioning. Eliminators are used after
spray chambers to prevent entrained water from entering
the duct system.
AIR BYPASS

An air bypass is used for two purposes: (1) to in
crease room air circulation and (2) to control leaving air
temperature.

The fixed bypass is used when increased air
circulation is required in a given space. It permits return
air from the room to flow thru the fan without first passing
thru a heat exchange device. This arrangement prevents
stagnation in the space and maintains a reasonable room
circulation factor.

The total airway resistance for this type system is the
sum of the total resistance thru the ductwork and air
handling apparatus. Therefore, the resistance thru the
bypass is normally designed to balance the resistance of
the components bypassed. This can be accomplished by
using a balancing damper and by varying the size of the
by pass opening.
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The following formula is suggested for use in sizing
the bypass opening :

A =

where : A = damper opening (sq ft)
   cfm = maximum required air

quantity thru bypass
h = design pressure drop (in. wg)

thru bypassed equipment
Temperature control with bypassed air is

accomplished with either a face and bypass damper or a
controlled bypass damper alone. However, the face and
bypass damper arrangement is recommended, since the
bypass area becomes very large, and it is difficult to
accommodate the required air flow thru the bypass at
small partial loads. Even where a controlled face and
bypass damper is used, leakage approaching 5% of
design air quantity passes thru the face damper when the
face damper is closed. This 5% air quantity normally is
included when the fan is selected.

See Part 6 for systems having a variable air flow to
determine fan selection and brake horsepower
requirements.
FANS

Properly designed approaches and discharges from
fans are required for rated fan performance in addition to
minimizing noise generation. Figures 6 and 7 indicate
several possible layouts for varying degrees of fan
performance. In addition, these figures indicate
recommended location of double width fans in plenums.
When these minimums have not been met, it becomes
increasing difficult to guarantee the fan performance or to
accurately determine air quantities.

Fans in basement locations require vibration isolation
based on the blade frequency. Usually cork or rubber
isolators are satisfactory for this service. On upper floor
locations, however, spring mounted concrete bases
designed to absorb the lowest natural frequency are
recommended.

The importance of controlling sound and vibration
cannot be overstressed, particularly on upper floors. The
number of fans involved in one location and the quality of
sound and vibration control needed.

Small direct connected fans, due to higher operating
speed, are generally satisfactorily isolated by rubber or
cork.

In addition, all types of fans must have flexible
connections to the discharge ductwork and, where
required, must have flexible connections to the intake
ductwork. Details of a recommended flexible connection
are shown in Fig.8.

Unitary equipment should be located near columns
or over main beams to limit the floor deflection. Rubber or
cord properly loaded usually gives the required deflection
for efficient operation.
FAN MOTOR AND DRIVE

A proper motor and drive selection aids in long life
and minimum service requirements. Direct drive fans are
normally used on applications where exact air quantities
are not required, because ample energy (steam or hot
water, etc.) is available at more than enough temperature
difference to compensate for any lack of air quantity that
exists. This applies, for example, to a unit heater
application. Direct drive fans and also used on
applications where system resistance can be accurately
determined. However, most air conditioning applications
use belt drives.

V-belts must be applied in matched sets and used on
balanced sheaves to minimize vibration problems and to
assure long life. They are particularly useful on
applications where adjustments may be required to
obtain more exact air quantities. These adjustments can
be accomplished by varying the pitch diameter on
adjustable sheaves, of by changing one or both sheaves
on a fixed sheave drive.

Belt guards are required for safety on all V-belt
drives, and coupling guards are required for direct drive
equipment. Figure 9 illustrates a two-piece belt guard.

The fan motor must be selected for the maximum
anticipated brake horsepower requirements of the fan.
The motor must be large enough to operate within its
rated horse power capacity. Since the fan motor runs
continuously, the normal 15% over load allowed by NEMA
should be reserved for drive losses and reductions in line
voltages. Normal torque motors are used for fan duty.
APPARATUS CASING

The apparatus casing on central station equipment
must be designed to avoid restrictions in air flow. In
addition, it must have adequate strength to prevent
collapse or bowing under maximum operating conditions.

Each sheet of material should be fabricated as a
panel and joined together, as illustrated in Fig 10, by
standing seams bolted or riveted on 12 in. centers.

cfm

581 .0707
h

www.HVAC-ENG.com



Part 2. Air Distribution  |  Chapter 1. Air Handling Apparatus

Fig. 6 – Single Fan Inlet and Discharge Connections
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Fig. 7 – Multile Fan Unit Discharge Connections
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Fig. 8 – Flexible Connection

Fig. 9 – Two-piece Belt Guard
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Normally seams perpendicular to air flow are placed
outside of the casing. Side walls over 6 ft high and roof
spans over 6 ft wide require supplemental reinforcing as
shown in Table 2. Diagonal angle braces as illustrated in
Fig. 11 may also be required.

The recommended construction of apparatus
casings and connections between equipment
components (except when mounted in the ducts) is 18
U.S. gage steel of 16 B & S gage aluminum. Aluminum in
contact with galvanized steel at connections to spray type
equipment requires that the inside of the casing be
coated with an isolating material for a distance of 6 in.
From the point of contact.

CONNECTIONS TO MASONRY
A concrete curb is recommended to protect

insulation from deteriorating where the apparatus casing
joins the floor. It also provides a uniform surface for
attaching the casing; this conserves fabrication time.
Figure 123 illustrates the recommended method of
attaching a casing to the curb.

When an equipment room wall is used as one side of
the apparatus, the casing is attached as shown in Fig.13.

The degree of tightness required for an apparatus
casing depends on the air conditioning application. For
instance, on a pull-thru system, leakage between the
dehumidifier  and  the  fan  cannot  be  tolerated  if

Fig. 10 – Apparatus Casing Seams
Fig. 11 – Apparatus Casing
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the apparatus is in a humid non-conditioned space, Also,
as the negative pressure at the fan intake increases, the
less the leakage that con be tolerated. If the apparatus is
located in a return air plenum, normal construction as
shown in Figs. 12 and 13 can be used. Corresponding
construction practice for equipment requiring extreme
care is shown in Figs. 14, 15 and 16.

In addition to the construction required for leakage at
seams, pipes passing thru the casing at cooling coil
connections must be sealed as shown in Fig. 17, This
applies in applications where the temperature difference
between the room and supply air temperatures is 20 F
and greater.
DRAINS AND MARINE LIGHTS

Upkeep and maintenance is better on an apparatus
that con be illuminated and easily cleaned than on one
that does not have good illumination and drainage. To
facilitate this maintenance, marine lights, as well as
drains, are recommended as shown in Fig. 1.

As a rule of thumb, drains should be located in the air
handling apparatus wherever water is likely to
accumulate, either in normal operation of the equipment
or because of maintenance. Specific examples are:

1.  In the chamber immediately after the outdoor air
louver where a driving rain or snow may
accumulate.

2. Before and after filters tat must be periodically
washed.

3. Before and after heating and cooling coils that
must be periodically cleaned.

4. Before and after eliminators because of backlash
and carry-over due to unusual air eddies.

Drains should not normally be connected because
directly to sewers. Instead, an open site drain should be
used as illustrated in Part 3.
INSULATION

Insulation is required ahead of the preheater and
vapor sealed for condensation during winter operation.
Normally, the section of the casing from the preheater to
the to the dehumidifier is not insulated. The dehumidifier,
the fan and connecting casing must be insulated and
vapor sealed; fan access doors are not insulated,
however, The bottoms and sides of the dehumidifier
condensate pan must also be insulated, and all parts of
the building surfaces that are used to form part of the
apparatus casing must be insulated and vapor sealed.
SERVICE

Equipment service is essential and space must be
provided to accomplish this service. It is recommended
that minimum clearances be maintained so that access to

Fig. 12  - Connection to Masonry Curb

Fig. 13 – Connection to Masonry Wall

Fig. 14 – Low Dewpoint Masonry Curb
Connections
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all equipment is available. In addition, provision should
be made so that equipment can be removed without
dismantling the complete apparatus. Access must be
provided for heating and cooling coils, steam traps,
damper motors and linkages, control valves, bearings,
fan motors, fans and similar components.

Service access doors as illustrated in Fig. 18 are
recommended, and are located in casing sections shown
in Fig. 1.

To conserve floor space, the entrance to the
equipment room is often located so that coils can be
removed directly thru the equipment room doors. This
arrangement requires less space than otherwise possible.

If the equipment room is not arranged as described,
space must be allowed to clean the coil tubes
mechanically. This applies to installations that have
removable water headers.

Fig. 15 – Low Dewpoint Masonry Wall
Connections

Fig. 17 – Sealing Pipe Connections

Fig. 16 – Sealing Standing Seams
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Fig. 18 – Access Doors
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CHAPTER 2. AIRDUCT DESIGN

The function of a duct system is to transmit air from
the air handling apparatus to the space to be
conditioned.

To fulfill this function in a practical manner, the
system must be designed within the prescribed limits of
available space, friction loss, velocity, sound, level, heat
and leakage losses and gains.

This chapter discusses these practical design criteria
and also considers economic balance between first cost
and operating cost. In addition, it offers recommended
construction for various types of duct systems.
GENERAL SYSTEM DESIGN
CLASSIFICATION

Supply and return duct systems are classified with
respect to the velocity and pressure of the air within the
duct.
Velocity

There are two types of air transmission systems used
for air conditioning applications. They are called
conventional or low velocity and high velocity systems.
The dividing line between these systems is rather
nebulous but, for the purpose of this chapter, the
following initial supply air velocities are offered as a
guide:

1. Commercial comfort air conditioning
a. Low velocity – up to 2500 fpm. Normally

between 1200 and 2200 fpm.
b. High velocity – above 2500 fpm.

2. Factory comfort air conditioning
a. Low velocity - up to 2500 fpm. Normally

between 2200 and 2500 fpm.
b. High velocity – 2500 to 5000 fpm.

Normally, return air systems for both low and high
velocity supply air systems are designed as low velocity
systems. The velocity range for commercial and factory
comfort application is as follows:

1. Commercial comfort air conditioning – low
velocity up to 2000 fpm. Normally between 1500
and 1800 fpm.

2. Factory comfort air conditioning – low velocity up
to 2500 fpm. Normally between 1800 and 2200
fpm.

Pressure
Air distribution systems are divided into three

pressure categories; low, medium and high. These
divisions have the same pressure ranges as Class I, II
and III fans as indicated:

1. Low pressure – up to 33/4 in. wg – Class I fan
2. Medium pressure –33/4 to 63/4 in . wg – Class II

fan
3. High pressure – 63/4 to 121/4 in. wg – Class III fan
These pressure ranges are total pressure, including

the losses thru the air handling apparatus, ductwork and
the air terminal in the space.   
AVAILABLE SPACE AND ARCHITECTURAL
APPEARANCE

The space allotted for the supply and return air
conditioning ducts, and the appearance of these ducts
often dictates system layout and, in some instances, the
type of system layout and, in some instances, the type of
system. In hotels and office buildings where space is at a
premium, a high velocity system with induction units
using small round ducts is often the most practical.

Some applications require the ductwork to be
exposed and attached to the ceiling, such as in an
existing department store or existing office building. For
this type of application, streamline rectangular ductwork
is ideal. Streamline ductwork is constructed to give the
appearance of a beam on the ceiling. It has a smooth
exterior surface with the duct joints fabricated inside the
duct. This ductwork is laid out with a minimum number of
reductions in size to maintain the beam appearance.

Duct appearance and space allocation in factory air
conditioning is usually of secondary importance. A
conventional system using rectangular duct work is
probably the most economical design for this application.
ECONOMIC FACTORS INFLUENCING DUCT LAYOUT

The balance between first cost and operating cost
must be considered in conjunction with the available
space for the duct work to determine the best air
distribution system. Each application is different and must
be analyzed separately; only general rules or principles
can be given to guide the engineer in selecting the
proper system.
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The following items directly influence the first and
operating cost:

1. Heat gain or loss from the duct
2. Aspect ratio of the duct
3. Duct friction rate
4. Type of fittings

Heat Gain or Loss
The heat gains of losses in t6he supply and return

duct system can be considerable. This occurs not only if
the duct passes thru an unconditioned space but also on
long duct in the unconditioned space when estimating the
air conditioning load. The method of making this
allowance is presented in Part I, Load Estimating. This
allowance for duct heat gain increases the cooling
capacity of the air. This increase then requires a larger air
quantity or lower supply air quantity or lower supply air
temperature or both.

To compensate for the cooling or heating effect of the
duct surface, a redistribution of the air to the supply
outlets is sometimes required in the initial design of the
duct system.

The following general guides are offered to help the
engineer understand the various factors influencing duct
design:

1. Larger duct aspect ratios have more heat gain
than ducts with small aspect ratios, with each
carrying the same air quantity. Chart 3 illustrates
this relationship.

2. Ducts carrying small air quantities at a low
velocity have the greatest heat hain.

3. The addition of insulation to the duct decreases
duct heat hain; for example, insulating the duct

with a material that has a U value of .12
decreases heat gain 90%

It is, therefore, good practice to design the duct
system for low aspect ratios and higher velocities to
minimize heat gain to the duct. If the duct is to run thru an
unconditioned area, it should be insulated.
Aspect Ratio

The aspect ratio is the ratio of the long side to the
short side of a duct. This ratio is an important factor to be
considered in the initial design. Increasing the aspect
ratio increases both the installed cost and the operating
cost of the system.

The installed or first cost of the duct work depends
on the amount of material used and the difficulty
experienced in fabricating the ducts. Table 6 reflects
these factors. This table also contains duct class, cross-
section area for various round duct sizes and the
equivalent diameter of round duct for rectangular ducts.
The large numbers in the table are the duct class.

The duct construction class varies from 1 to 6 and
depends on the maximum duct side and the semi-
perimeter of the ductwork. This is illustrated as follows:

DUCT
GLASS

MAX.SIDE
(in.)

SEMI-PERIMETER
(in.)

1     6 – 17 ½ 10 – 23
2 12 – 24 24 – 46
3 26 – 40 32 – 46
4 24 – 88 48 – 94
5 48 – 90 96 – 176
6   90 – 144 96 – 238

Duct class is a numerical representation of relative
first costs of the duct work. The larger the duct class, the
more expensive the duct. If the duct class is increased
but the duct area and capacity remain the same, the
following items may be increased:

1. Semi-perimeter and duct surface
2. Weight of material
3. Amount of insulation required
Therefore, for best economics the duct system

should be designed for the lowest duct class at the
smallest aspect ratio possible. Example 1 illustrates the
effect on first cost of varying the aspect ratio for a
specified air quantity and static pressure requirement.
Example 1 – Effect of Aspect Ratio on First Cost of the
Ductwork
Given:

Duct cross-section area – 5.86 sq. ft.
Space available – unlimited
Low velocity duct system

CHART 3 – DUCT HEAT GAIN VS ASPECT RATIO
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Find:
The duct dimensions, class, surface area, weight and gage of

metal required.
Solution:

1. Enter Table 6 at 5.86 sq. ft and determine the rectangular
duct dimensions and duct class (see tabulation).

2. Determine recommended metal gages from Tables 14
and 15 (see tabulation).

3. Determine weight of metal from Table 18 (see tabulation).
DIMENSION

(in.)
AREA
(sq ft)

ASPECT
RATIO

DUCT
CONSTR.

CLASS
94 X 12 5.86 7.8 : 1 6
84 X 13 5.86 6.5 : 1 5
76 X 14 5.86 5.4 : 1 4
42 X 22 5.86 1.9 : 1 4
30 X 30 5.86 1 : 1 4

32.8 (round) 5.86 - -
DIMENSION

(in.)
GAGE
(U.S.)

SURFACE
AREA

(sq ft/ft)
WEIGHT

(lb/ft)
94 X 12 18 17.7 38.3
84 X 13 20 16.2 26.8
76 X 14 20 15.0 24.8
42 X 22 22 10.7 15.1
30 X 30 24 10.0 11.6

32.8 (round) 20 8.6 14.3

When the aspect ratio increases from 1:1 to 8:1, the
surface area and insulation requirements increase 70%
and the weight of metal increases over three and one-half
times. This example also points out that it is possible to
construct Class 4 duct, for the given area, with three
different sheet metal gages. Therefore, for lowest first
cost, ductwork should be designed for the lowest class,
smallest aspect ratio and for the lightest gage metal
recommended.

Chart 4 illustrates the percent increase in installed
cost for changing the aspect ratio of rectangular duct.
The installed cost of round duct is also included in this
chart. The curve is based on installed cost of 100 ft of
round and rectangular duct with various aspect ratios of
1:1 is used as the 100% cost
Friction rate

The operating costs of an air distribution system con
be adversely influenced when the rectangular duct sizes
are not determined from the table of circular equivalents
(Table 6). This table is used to obtain rectangular duct
sizes that have the same friction rate and capacity as the
equivalent round duct. For example, assume that the
required duct area for a system is 480 sq. in. and the

rectangular duct dimensions are determined directly from
this area. The following tabulation shows the
resulting equivalent duct diameters and friction rate when
4000 cm. of air is handled in the selected ducts:

DUCT
DIM.
(in.)

EQUIV
ROUND

DUCT DIAM
(in.)

FRICTION
RATE

(in. wg/100ft)
ASPECT
 RATIO

24 X 20 23.9 .090 1.2 : 1
30 X 16 23.7 .095 1.9 : 1
48 X 10 22.3 .125 4.8 : 1
80 X 6 20.1 .210 13.3 : 1

If a total static pressure requirement of 1 in., based
on 100 ft of duct and other equipment is assumed for the
above system, the operating cost increases as the aspect
ratio increases. This is shown in Chart 5.

Therefore, the lowest owning and operating cost
occurs where round or Spira-Pipe is used. If round
ductwork con not be used because of space limitations,
ductwork as square as possible should bb used. An
aspect ratio of 1:1 is preferred.

CHART 4 – INSTALLED COST VS ASPECT RATIO
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Type of Fittings
In general, fittings can be divided into Class A and

Class B as shown in Table 3. For the lowest first cost it is
desirable to use those fittings shown as Class A since
fabrication time for a Class B fitting is approximately 2.5
times that of a Class A fitting.

DUCT LAYOUT CONSIDERATIONS
There are several items in duct layout that should be

considered before sizing the ductwork, These include
duct transformations, elbows, fittings, take-offs, duct
condensation and duct condensation and air control.
Transformations

Duct transformations are used to change the shape
of a duct of to increase of decrease the duct area. When
the shape of a rectangular duct is changed but the cross-
sectional area remains the same, a slope of 1 in. in 4 in.
should not be exceeded.

Often ducts must be reduced in size to avoid
obstructions. It is good practice not to reduce the duct
more than 20% of the original area. The recommended
slope of the transformation is 1 in. in 7 in. when reducing
the duct area. Where it is impossible to maintain this
slope, it may be increased to a maximum of 1 in. in 4 in.

CHART 5 – OPERATING COST VS ASPECT RATIO

Fig. 20 – Rectangular Duct Transformation
To Avoid Obstruction

TABLE 3 – DUCT FITTING CLASSES

Fig. 19 – Duct Transformation
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When the duct area is increased, the slope of the
transformation is not to exceed 1 in. in 7 in. Fig. 20
illustrates a rectangular duct transformation to avoid an
obstruction, and Fig. 21 shows a round-to rectangular
transformation to avoid and obstruction.

In some air distribution systems, equipment such as
heating coils is installed in the duct work. Normally the
equipment is larger4 than the duct work and the duct
area must5be increased. The slope of the transformation
piece on the upstream side of the equipment is limited to
30° as shown in Fig. 22. On the leaving side the slope
should be not more than 45°

Duct Reduction Increments
Accepted methods of duct design usually indicate a

reduction a reduction in duct area after each terminal and
branch take-off. Unless a reduction of at least 2 in. can be
made, however, it is recommended that the original duct
size be maintained. Savings in installed cost of as much
as 25% can be realized by running the duct at the same
size for several terminals.

All duct sizes should be in 2in. increments, preferably
in one dimension only. The recommended minimum duct
size is 8 in. x 10 in. for fabricated shop ductwork.
Obstructions

Locating pipes, electrical conduit, structural
members and other items inside the ductwork should
always be avoided, especially in elbows and tees.
Obstruction of any kind must be avoided inside high
velocity. Obstructions cause unnecessary pressure loss
and, in a high velocity system, may also be a source of
noise in the air stream.

In those few instances in which obstructions must
pass thru the duct, use the following recommendations:

1. Cover all pipes and circular
obstructions over 4 in. in diameter with
an easement. Two typical easements
are illustrated in Fig. 23.

2. Cover any flat or irregular shapes
having a width exceeding 3 in. with an
easement. Hangers or stays in the duct
should be parallel to the air flow. If this
is not possible, they should be
covered with an easement, Fig. 24
shows a tear drop-shaped easement
covering an angle. Hanger “B” also
requires an easement.

Fig. 22 – Duct Transformation With
Equipment in the Duct

Fig. 21 – Round Duct Transformation to Avoid Obstruction
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3. If the easement exceeds 20% of the duct area, 
the duct is transformed of split into two ducts. 
When the duct is split or transformed, the original
area should be maintained.  Fig. 25   illustrates a
duct transformed      and     a   duct   split to 
accommodate  the easement.      In the second 
case, the split duct acts as the easement. When 
the   duct   is   split  or  transformed ,     slope
recommendations   for transformations should be
followed.

4. If an obstruction restricts only the corner of the
duct, that part of the duct is transformed to avoid
the obstruction. The reduction in duct area must
not exceed 20% of the original area.

Elbows
A variety of elbows is available for round and

rectangular duct systems. The following list gives the
more common elbows:

Rectangular Duct
1. Full radius elbow
2. Short radius vaned elbow
3. Vaned square elbow
Round Duct
1. Smooth elbow
2. 3-piece elbow
3. 5-piece elbow
The elbows are listed in order of minimum cost. This

sequence does not necessarily indicate the minimum
pressure drop thru the elbow.  Table 9 thru 12 show the
losses for the various rectangular and round elbows.

Full radius elbows (Fig.26) are constructed with an
throat radius equal to ¾ of the duct dimension in the
direction of the turn.  An elbow having this throat radius
has an R/D ratio of 1.25.  This is considered to be an
optimum ratio.

The short radius vaned elbow is shown in Fig. 27.
This elbow can have one, two or three turning vanes.  The
vanes extend the full curvature of the elbow and their
location is determined from Chart 6.  Example 2
illustrates the use of Chart 6 in determining the location of
the vanes in the elbow in Fig. 28.

Fig. 23 – Easements Covering Obstructions

Fig. 24 – Easements Covering Irregular Shapes

Fig. 25 – Duct Transformed For Easements Fig. 26 – Full Radius Rectangular Elbow
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Example 2 — Locating Vanes in a Rectangular Elbow
Given:

Rectangular elbow shown in Fig. 28.
Throat radius (Rt) – 3 in.
Duct dimension in direction of turn–20 in.
Heel radius (Rh) – 23 in.

 Find:
1. Spacing for two vanes.
2. R/D ratio of elbow.

Solution:
1. Enter Chart 6 at Rt = 3 in. and Rh = 23 in. Read

vane spacing for R1 and R2 (dotted line on
chart).
R1 = 6 in.      R2 = 12 in.

2. The centerline radius R of the elbow equals 13
in.  Therefore R/D = 13/20 = 0.65.

Although a throat radius is recommended, there may
be instances in which a square corner is imperative.
Chart 6 can still be used to locate the vanes.  A throat
radius is assumed to equal one-tenth of the heel radius.
Example 3 illustrates vane location in an elbow with a
square throat.
Example 3 — Locating Vanes in a Rectangular Elbow with
a Square Throat
Given:

Elbow shown in Fig. 29.
Throat radius — none
Heel radius — 20 in.
Duct dimension in direction of turn-20 in.

Find:
Vane spacing

Solution:
Assume a throat radius equal to 0.1 of the heel
radius:
.1 x 20 = 2 in.
Enter Chart 63 at Rt = 2, and Rh = 20 in. Read vane
spacing for R1 and R2.R1 = 4.5 in.     R2 = 9.5 in.
In addition a third vane is located at 2 in. which is the

assumed throat radius.
A vaned square elbow has either double or single

thickness closely spaced vanes.  Fig. 30 illustrates
double thickness vanes in a square elbow.  These elbows
are used where space limitation prevents the use of
curved elbows and where square corner elbows are
required.

Fig. 28 – Rectangular Elbow Vane Location

Fig. 29 – Rectangular Elbow With No
Throat Radius

Fig. 27 – Short Radius Vaned Elbow
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The vaned square elbow is expensive to construct and
usually has a higher pressure drop than the vaned short
radius elbow and the standard elbow (R/D = 1.25).

Smooth elbows are recommended for round or Spira-
Pipe systems.  Fig. 31 illustrates a 90° smooth elbow with
a R/D ratio of 1.5.  This R/D ratio is standard for all elbows
used with round or Spira-Pipe duct.

A 3-piece elbow (Fig.32) has the same R/D ratio as a
smooth elbow but has the highest pressure drop of either
the smooth or 5-piece elbow (Fig. 33).  This elbow is
second in construction costs and should be used when
smooth elbows are unavailable.

The 5-piece elbow (Fig.33) has the highest first cost
of all three types. It is used only when it is necessary to
reduce the pressure drop below that of the 3-piece
elbow, and when smooth elbows are not  available.

A 45° elbow is either smooth (Fig. 34) or 3-piece
(Fig. 35). A smooth 45° elbow is lower in first cost and
pressure drop than the 3-piece 45° elbow.  A 3-piece
elbow is used when smooth elbows are not available.
Take-offs

There are several types of take-offs commonly used
in rectangular duct systems.  The recommendations
given for rectangular elbows apply to take-offs.  Fig.36
illustrates the more common take-offs.  Fig. 36A is a take-
off using a full radius elbow.  In Figs. 36A and 36B the
heel and throat radii originate from two different points

CHART 6 – VANE LOCATION FOR RECTANGULAR ELBOW

Fig. 30 – Vaned Square Elbow Fig. 31 - 90º Smooth Elbow
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since D is larger than D1. The principal difference in Figs.
36A and 36B is that the take-off extends into the duct in
Fig. 36B and there is no reduction in the main duct.

Figure 36C illustrates a tap-in take-off with no part of
the take-off extending into the duct.  This type is often
used when the quantity of air to be taken into the branch
is small.  The square elbow take-off (Fig. 36D) is the least
desirable from a cost and pressure drop standpoint.  It is
limited in application to the condition in which space
limitation prevents the use of a full radius elbow take-off.

A straight take-off (Fig. 37) is seldom used for
duct branches.  Its use is quite common, however, when
a branch has only one outlet.   In this instance it is called
a collar. A splitter damper can be added for better control
of the air to the take-off.

There are two varieties of take-offs for round and
Spira-Pipe duct systems: the 90° tee (Fig. 38) and the
90° conical tee (Fig. 39).  A 90° conical tee is used when
the air velocity in the branch exceeds 4000 fpm or when a
smaller pressure drop than the straight take-off is
required.  Crosses with the take-offs located at 180°,
135° and 90° to each other are shown in Fig. 40.

When the duct system is designed, it may be
necessary to reduce the duct size a t certain take-offs.
The reduction may be accomplished at the take-off (Fig.
41) or immediately after the take-off (Fig. 42).  Reduction
at the take-off is recommended since it eliminates one
fitting.

Fig. 32 - 90º 3-pipece Elbow
Fig. 34 - 45º Smooth Elbow

Fig. 33 - 90°°°° 5-piece Elbow Fig. 35 - 45°°°° 3-piece Elbow
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Fig. 36 – Typical Take-offs

Fig. 37 – Outlet Collar
Fig. 38 - 90º Tee
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NOTES:
1. Exceptional Cases: Condensation will occur at a lower relative

humidity than indicated in the table when f2 falls below the average
value of 1.65 for painted ducts and 1.05 for bright metal ducts.  The
radiation component of f2 will decrease when the duct is exposed to
surfaces colder than the room air, as near a cold wall.  The
convection component will decrease for the top of ducts, and also
where the air flow is obstructed, such as a duct running very close to
a partition.  If either condition exists, use value given for a relative
humidity 5% less than the relative humidity in the room.  If both
conditions exist, use value given for 10% lower relative humidity.

2. Source: Calculated using film heat transmission coefficient on inside
of duct ranging from 1.5 to 7.2 Btu/(hr) (Sq ft) (deg F).  The above
equation is based on the principle that the temperature drop through
any layer is directly proportional to its thermal resistance.  It is
assumed that the air movement surrounding the outside of the duct
does not exceed approximately 50 fpm.

3. For Room Conditions Not Given: Use the above equation and the
values of f2 / U – 1 shown at the bottom of the table.

4. Application: Use for bare ducts, not furred or insulated.  Use the
values for bright metal ducts for both unpainted aluminum and
unpainted galvanized ducts.  Condensation at elbows,

transformations and other fittings will occur at a higher supply air
temperature because of the higher inside film heat transmission
coefficient due to the air impinging against the elbow or fitting.  For
low velocity fittings, assume on equivalent velocity of two times the
straight run velocity and use the above table.  For higher velocity
fittings where straight run velocity is 1500 fpm and above, keep the
supply air temperature no more than one degree lower than the
room dewpoint.  Transformations having a slope less than one in six
may be considered as a straight run.

5. Bypass Factor and Fan Heat: The air leaving the dehumidifier will be
higher than the apparatus dewpoint temperature when the bypass
factor is greater than zero.  Treat this as a mixture problem.
Whenever the fan is on the leaving side of the dehumidifier, the
supply air temperature is usually at least one to four degrees higher
than the air leaving the dehumidifier, and can be calculated using
the fan brake horsepower.

6. Dripping: Condensation will generally not be severe enough to cause
dripping unless the surface temperature is two to three  degree

Fig. 40 - Crosses
TABLE 4 – MAXIMUM DIFFERENCE BETWEEN SUPPLY AIR TEMPERATURE AND ROOM DEWPOINT

WITHOUT CONDENSING MOISTURE ON DUCTS (F)
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below the room dewpoint.  Note that the table is based on the duct
surface temperature equal to the room dewpoint in estimating the
possibility of dripping.  It is recommended that the surface
temperature be kept above the room dewpoint.

7. Elimination of Condensation: The supply air temperature must be
high enough to prevent condensation at elbows and fittings.
Occasionally, it might be desirable to insulate only the elbows or
fittings.  If moisture is expected to condense only at the fittings,
apply insulation (½” thick usually sufficient) either to the inside or
outside of duct at the fitting and for a distance downstream equal to
1.5 times the duct perimeter.  If condensation occurs on a straight
run, the thickness of insulation required can be found by solving the
above equation for U.

Air Control
In low velocity air distribution systems the flow of air

to the branch take-off is regulated by a splitter damper.
The position of the splitter damper is adjusted by use of

the splitter rod.  Splitter dampers for rectangular duct
systems are illustrated in Fig.36.  Pivot type dampers are
sometimes installed in the branch line to control flow.
When these are used, splitter dampers are omitted.
Splitter dampers are preferred in low velocity systems,
and pivot type or volume dampers are used in high
velocity systems.

In high velocity systems, balancing or volume
dampers are required at the air conditioning terminals to
regulate the air quantity.
Duct Condensation

Ducts may “sweat” when the surface temperature of
the duct is below the dewpoint of the surrounding air.
Table 4 lists the maximum difference between supply air
temperature and room dewpoint without condensing
moisture on the duct for various duct velocities.  See the
notes below the table for application of the data
contained in the table.  Table 5 lists various U factors for

Fig. 41 – Reducing Duct Size At Take-off Fig. 42 – Reducing Duct Size After Take-off
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common insulating material. It can be used in conjunction
with Table 4 to determine required insulation to eliminate
condensation.
 DUCT SYSTEM ACCESSORIES

Fire dampers, access doors and sound absorbers
are accessories which may be required in a duct system
but do not materially affect the design, unless there are
several dampers in series.  For this arrangement, the
additional resistance to air flow must be recognized when
selecting the fan.

Fire Dampers
Normally local or state codes dictate the use, location

and construction of fire dampers for an air distribution
system.  The National Board of Fire Underwriters
describes the general construction and installation
practices in pamphlet NBFU 90A.

There are two principal types of fire dampers used in
rectangular ductwork:

1. The rectangular pivot damper (Fig.43) which
may be used in either the vertical or horizontal
position.

2. The rectangular louver fire damper which may be
used only in the horizontal position (Fig.44).

Fig. 43 – Rectangular Pivot Fire Damper
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 Figure 45 illustrates a pivot fire damper for round
duct systems.  This damper may be used in either the
horizontal or vertical position.
Access Doors

Access doors or access panels are required in duct
systems before and after equipment installed in ducts.
Access panels are also required for access to fusible
links in fire dampers.

DUCT DESIGN
This section presents the necessary data

for designing low and high velocity duct systems.  This
data includes the standard air friction charts,
recommended design velocities, losses thru elbows and
fittings, and the common methods of designing the air
distribution systems.  Information is given also for
evaluating the effects of duct heat gain and altitude on
system design.

Fig. 44 – Rectangular Louver Fire Damper

www.HVAC-ENG.com



Part 2. Air Distribution  |  Chapter 2. Air Duct Design

Friction Chart
In any duct section thru which air is flowing, there is a

continuous loss of pressure.  This loss is called duct
friction loss and depends on the following:

1. Air velocity
2. Duct size
3. Interior surface roughness
4. Duct length
Varying any one of these four factors influences the

friction loss in the ductwork.  The relationship of these

factors is illustrated in the following equation:
∆P = 0.03 f

     
where: ∆P   =   friction loss (in. wg)

 f      =  in ter ior surface roughness   
           (0.9 for galvanized duct)
L     =  length of duct (ft)
d     = duct diameter (in.), equivalent  diam.

for rectangular ductwork
V    = air velocity (fpm)

ฃ

L( d1.22 ) (    )1.82V
1000

Fig. 45 – Round Pivot Fire Damper
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This equation is used to construct the standard
friction chart (Chart 7) based on galvanized duct and air
at 70 F and 29.92 in. Hg.  This chart may be used for
systems handling air from 30° to 120 F and for altitudes
up to 2000 ft without correcting the air density.  Page 59
contains the data for designing high altitude air
distribution systems.
Air Quantity

The total supply air quantity and the quantity required
for each space is determined from the air conditioning
load estimate in Part I.

Duct Diameter
Table 6 gives the rectangular duct size for the

various equivalent duct diameters shown on Chart 7.
Next to the diameter is the cross-section area of the
round duct.  The rectangular ducts shown for this cross-
section area handle the same air quantity at the same
friction rate as the equivalent round duct listed.
Therefore, this cross-section area is less than the actual
cross-section area of the rectangular duct determined by
multiplying the duct dimensions.  In selecting the
rectangular duct sizes from Table 6, the duct diameter
from the friction chart or the duct area as determined from
the air quantity and velocity may be used.

However, rectangular duct sizes should not be
determined directly from the duct area without using
Table 6.  If this is done, the resulting duct sizes will be
smaller, and velocity and friction loss will be greater, for a
given air quantity than the design values.
Air Velocity

The Design velocity for an air distribution system
depends primarily on sound level requirements, first cost
and operating cost.

Table 7 lists the recommended velocities for supply
and return ducts in a low velocity system.  These
velocities are based on experience.

In high velocity systems, the supply ducts are
normally limited to a maximum duct velocity of 5000 fpm.
Above this velocity, the sound level may become
objectionable and the operating cost (friction rate) may
become excessive.  Selecting the duct velocity, therefore,
is a question of economics.  A very high velocity results in
smaller ducts and lower duct material cost but it requires
a higher operating cost and possibly a larger fan motor
and a higher class fan.  If a lower duct velocity is used,
the ducts must be larger but the operating cost
decreases and the fan motor and fan class may be
smaller.

The return ducts for a high velocity supply system
have the same design velocity recommendations as listed

in Table 7 for a low velocity system, unless extensive
sound treatment is provided to use higher velocities.
Friction Rate

The friction rate on the friction chart is given in terms
of inches of water per 100 ft of equivalent length of duct.
To determine the loss in any section of ductwork, the total
equivalent length in that section is multiplied by the
friction rate which gives the friction loss. The total
equivalent length of duct includes all elbows and fittings
that may be in the duct section.  Table 9 thru 12 are used
to evaluate the losses thru various duct system elements
in terms of equivalent length.  The duct sections including
these elements are measured to the centerline of the
elbows in the duct section as illustrated in Fig.46.  The
fittings are measured as part of the duct section having
the largest single dimension.
Velocity Pressure

The friction chart shows a velocity pressure
conversion line.  The velocity pressure may be obtained
by reading vertically upward from the intersection of the
conversion line and the desired velocity.  Table 8
contains velocity pressure for the corresponding velocity.
Flexible Metal Conduit

Flexible metal conduit is often used to transmit the air
from the riser or branch headers to the air conditioning
terminal in a high velocity system.  The friction loss thru
this conduit is higher than thru round duct.  Chart 8 gives
the friction rate for 3 and 4 in. flexible metal conduit.

   (Continued on next 5 pages)

Fig. 46 – Guide For Measuring Duct Lengths
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CHART 7 – FRECTION LOSS FOR ROUND DUCT
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TABLE 6 – CIRCULAR EQUIVALENT DIAMETER,*EQUIVALENT AREA AND DUCT CLASS†
OF RECTANGULAR DUCTS FOR EQUAL FRICTION.
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TABLE 6 – CIRCULAR EQUIVALENT DIAMETER,*EQUIVALENT AREA AND DUCT CLASS†
OF RECTANGULAR DUCT FOR EQUAL FRICTION. (Cont.)
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TABLE 6 – CIRCULAR EQUIVALENT DIAMETER,*EQUIVALENT AREA AND DUCT CLASS†
OF RECTANGULAR DUCTS FOR EQUAL FRICTION. (Cont.)
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TABLE 7 – RECOMMENDED MAXIMUM DUCT VELOCITIES FOR LOW VELOCITY SYSTEMS (FPM)

TABLE 8 – VELOCITY  PRESSURES

NOTES: 1. Data for standard air (29.92 in Hg and 70 F)
              2. Data derived from the following equation:

hv = (      )2V
4005

Where:  V = velocity in fpm.
              hv = pressure difference termed”velocity head” (in. wg).

www.HVAC-ENG.com



Part 2. Air Distribution  |  Chapter 2. Air Duct Design

FAN CONVERSION LOSS OR GAIN
In addition to the calculations shown for determining

the required static pressure at the fan discharge in
Example 4, a fan conversion loss or gain must be
included.  This conversion quantity can be a significant
amount, particularly on a high velocity system.  It is
determined by the following equations.

If the velocity in the duct is higher than the fan outlet
velocity, use the following formula for the additional static
pressure required:

Loss = 1.1

where Vd = duct velocity
Vf = fan outlet velocity

  Loss = in. wg
If the fan discharge velocity is higher than the duct

velocity, use the following formula for the credit taken to
the static pressure required:

Gain = .75

DUCT SYSTEM ELEMENT FRICTION LOSS
Friction loss thru any fitting is expressed in terms of

equivalent length of duct. This method provides units that
can be used with the friction chart to determine the loss in
a section of duct containing elbows and fittings. Table 12
gives the friction losses for rectangular elbows, and Table
11 gives the losses for standard round elbows. The
friction losses in Table 11 and 12 are given in terms of
additional equivalent length of straight duct. This loss for
the elbow is added to the straight run of duct to obtain the
total equivalent length of duct. The straight run of duct is
measured to the intersection of the center line of the

fitting. Fig. 46 gives the guides for measuring duct
lengths.

Rectangular elbows may be classified as either hard
or easy bends. Hard bends are those in which the depth
(depth measured in the radial direction) of the elbow is
greater than the width. Hard bends result in significantly
higher friction losses than do easy bends and therefore
should be avoided. See note for Table 12, p. 2-44.

Table 9 and 10 list the friction losses fir other size
elbows or other R/D ratios. Table 10 presents the friction
losses of rectangular elbows and elbow combinations in
terms of L/D. Table 10 also includes the losses and
regains for various duct shapes, stream of the duct. This
loss or regain is expressed in the number of velocity
heads and is represented by “n”. This loss or regain may
be converted into equivalent length of duct by the
equation at the end of the table and added or subtracted
from the actual duct length.

Table 9 gives the loss of round elbows in terms of
L/D, the additional equivalent length to the diameter of the
elbow. The loss for round tees and crosses are in terms of
the number of velocity heads (“n”). The equation for
converting the loss in velocity head to additional
equivalent length of duct is located at the bottom of the
table.

In high velocity systems it is often desirable to have
the pressure drop in round elbows, tees, and crosses in
inches of water. These losses may be obtained from
Chart 9 for standard round fittings.
DESIGN METHODS

The general procedure for designing any duct
system is to keep the layout as simple as possible and
make the duct runs symmetrical. Supply terminals and
located to provide proper room air distribution (Chapter
3), and ducts are laid out to connect these outlets. The
ductwork should be located to avoid structural members
and equipment.

The design of a low velocity supply air system may
be accomplished by any one of the three following
methods:

1. Velocity reduction
2. Equal friction
3. Static regain
The three methods result in different levels of

accuracy, economy and use.
The equal friction method is recommended for return

and exhaust air systems.
LOW VELOCITY DUCT SYSTEMS
Velocity Reduction Method

The procedure for designing the duct system by this
method is to select a staring velocity at the fan discharge

2 2)[( Vd
4000 (    )Vf

4000 ]-

2 2)[( Vf
4000 (    )Vd

4000 ]-

CHART 8 – PRESSURE DROP THRU
FLEXIBLE CONDUIT
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TABLE 10 – FRICTION OF RECTANGULAR DUCT SYSTEM ELEMENTS
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TABLE 10 – FRICTION OF RECTANGULAR DUCT SYSTEM ELEMENTS (Contd)
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NOTES FOR TABLE 9
*L and D are in feet. D is the elbow diameter. L is the additional equivalent length
of duct added  to the measured length. The equivalent length L equals D in feet
times the ratio listed.
†The value of n is the loss in velocity heads and may be converted to additional
equivalent length of duct by the following equation.

Where : L   =   additional equivalent length, ft
             hv  =    velocity pressure at V2, in. wg (conversion line on

Chart 7 or Table 8).
             hf   =   friction loss/100 ft, duct diameter at V2, in. wg

(Chart 7).
             n   =   value for tee or cross
‡ Tee or  cross may be either reduced or the same size in the straight thru
portion

 NOTES FOR TABLE 10
*1.25 is standard for an unvaned full radius elbow.
†L and D are in feet. D is the duct diameter illustrated in the drawing. L is the
additional equivalent length of duct added  to the measured duct. The equivalent
length L equals D in feet times the ratio listed.
‡The value n is  the number of  velocity heads or differences in velocity heads
lost or gained at a fitting, and may be converted to additional equivalent length of
duct by the following equation.

Where : L   =   additional equivalent length, ft
             hv = velocity pressure for V1, V2 or the differences in.     velocity pressure,

in wg (conversion line on                                            Chart 7 or
Table 8).

             hf   =   friction loss/100 ft, duct cross selection at hv, in. wg
(Chart 7).

             n   =   value for particular fitting.

L = n x hv x 100
hf

L = n x hv x 100
hf

TABLE 11 – FRICTION OF ROUND ELBOWS
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TABLE 12 – FRICTION OF RECTANGULAR ELBOWS
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TABLE 12 – FRICTION OF RECTANGULAR ELBOWS (CONT.)
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CHART 9 – LOSSES FOR ROUND FITTINGS
Elbows, Tees and Crosses
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and make arbitrary reductions in velocity down the duct
run. The starting velocity selected should not exceed
those in Table 7. Equivalent round diameters may be
obtained from Chart 7 using air velocity and air quantity.
Table 6 is used with the equivalent round diameter to
select the rectangular duct sizes. The fan static pressure
required for the supply is determined by calculation,
using the longest run of duct including all elbows and
fittings. Table 10 and 12 are used to obtain the losses
thru the rectangular elbows and fittings. The longest run
is not necessarily the run with the greatest friction loss, as
shorter runs may have more elbows, fitting and
restrictions.

This method is not normally used, as it requires a
broad background of duct design experience and
knowledge to be within reasonable accuracy. It should be
used only for the most simple layouts. Splitter dampers
should be included for balancing purposes.
Equal Friction Method

This method of sizing is used for supply, exhaust and
return air duct systems and employs the same friction loll
per foot of length for the entire system. The equal friction
method is superior to velocity reduction since it requires
less balancing for symmetrical layouts. If a design has a

mixture of short and long runs, the shortest run requires
considerable dampering. Such a system is difficult to
balance since the equal friction method makes no
provision for equalizing pressure drops in branches of for
providing the same static pressure behind each air
terminal.

The usual procedure is to select an initial velocity in
the main duct near the fan.  This velocity should be
selected from Table 7 with sound level being the limiting
factor. Chart 7 is used with this initial velocity and air
quantity to determine the friction rate.  This same friction
loss is then maintained throughout the system and the
equivalent round duct diameter is selected from Chart 7.

To expedite equal friction calculations, Table 13 is
often used instead of the friction chart; this results in the
same duct sizes.

The duct areas determined from Table 13 or the
equivalent round diameters from Chart 7 are used to
select the rectangular duct sizes from Table 6. This
procedure of sizing duct automatically reduces the air
velocity in the direction of flow.

To determine the total friction loss in the duct system
that the fan must overcome, it is necessary to calculate
the loss in the duct run having the highest resistance. The
friction loss thru all elbows and fittings in the section must
be included.

TABLE 13 – PERCENT SECTION AREA IN BRANCHES FOR MAINTAINING EQUAL FRICTION
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Example 4 – Equal Friction Method of Designing Ducts
Given:

Duct systems for general office (Fig.47).
Total air quantity – 5400 cfm
18 air terminals – 300 cfm each
Operating pressure forall terminals – 0.15 in. wg
Radius elbows, R/D = 1.25

Find:
1. Initial duct velocity, area, size and friction rate in the duct

section from the fan to the first branch.
2. Size of remaining duct runs.
3. Total equivalent length of duct run with highest

resistance.
4. Total static pressure required at fan discharge.

Solution:
1. From Table 7 select an initial velocity of 1700 fpm.

Duct area =

From Table 6, select a duct size-22 in.x22 in.
Initial friction rate is determined from Chart 7 using the air
quantity (5400), and the equivalent round duct diameter
from Table 6. Equivalent round duct diameter = 24.1 in.
Friction rate = .145 in. wg per 100 ft of equivalent length.

2. The duct areas are calculated using Table 13 and duct
sizes are determined from Table 6. The following
tabulates the design information:

DUCT
SECTION

AIR
QUANTITY

(cfm)

CFM*
CAPACITY

(%)
To A 5400 100

 A – B 3600 67
B – 13 1800 33
13 – 14 1500 28
14 – 15 1200 22
15 – 16 900 17
16 – 17 600 11
17 – 18 300 6

DUCT
SECTION

DUCT
AREA
(%)

AREA†
(sq ft)

DUCT
SIZE‡

(in.)
To A 100.0 3.18 22 x 22
A – B 73.5 2.43 22 x 16
B – 13 41.0       1.3 22 x 10
13 – 14 35.5 1.12 18 x 10
14 – 15 29.5 .94 14 x 10
15 – 16 24.0 .76 12 x 10
16 – 17 17.5 .56 8 x 10
17 – 18 10.5 .33 8 x 10

 †  Duct area = percent of area times initial duct 
   area (fan to A)

‡       Refer to page 21 for reducing duct size.

Duct sections B thru 12 and A thru 6 have the same
dimension as the corresponding  duct sections in B thru
18.

3. It appears that the duct run from the fan to terminal 18
has the highest resistance. Tables 10 and 12 are used to
determine the losses thru the fittings. The following list is
a tabulation of the total equivalent length in this duct run:

DUCT
SECTION  ITEM LENGTH

(ft)

ADD.
EQUIV.

LENGTH
(ft)

To A Duct
   Elbow

60
12

A – B Duct 20
B – 13

--
Duct
   Elbow

30
7

13 – 14 Duct 20
14 – 15 Duct 20
15 – 16 Duct 20
16 – 17 Duct 20
17 – 18 Duct 20

Total 210 19

4. The total friction loss in the ductwork from the fan to last
terminal 18  is shown in the following:

Total static pressure required at fan discharge is the sum of the
terminal operating pressure and the loss in the ductwork. Credit
can be taken for the velocity regain between the first and last
sections of duct:

1700 fpm
5400 cfm 3.18 sqft=

Loss = total equiv length X friction rate

*Percent of cfm = air quantity in duct section
total air quantity

 = 229 ft .145 in. wg
100 ft = .332 or .33 in. wg

Fig. 47 – Duct Layout for Low Velocity System
(Examples 4 and 5)
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Velocity in initial section = 1700 fpm
Velocity in last section = 590 fpm
Using a 75% regain coefficient,

Regain = .75

= .75(.18-.02) = .12 in. wg
Therefore, the total static pressure at fan discharge:
    = duct friction + terminal pressure - regain
    = .33 + .15 - .12
    = .36 in. wg

The equal friction method does not satisfy the design
criteria of uniform static pressure at all branches and air
terminals. To obtain the proper air quantity at the
beginning of each branch, it is necessary to include a
splitter damper to regulate the flow to the branch. It may
also be necessary to have a control device (vanes,
volume damper, or adjustable terminal volume control) to
regulate the flow at each terminal for proper air
distribution.

In Example 4, if the fan selected has a discharge
velocity of 2000 fpm, the net credit to the total static
pressure required is determined as described under “Fan
Conversion Loss or Gain:”

Gain = .75

= .75 (.25 - .18)  =  .05 in. wg

Static Regain Method
The basic principle of the static regain method is to

size a duct run so that the increase in static pressure
(regain due to reduction in velocity) at each branch or air
terminal just offsets the friction loss in the succeeding
section of duct. The static pressure is then the same
before each terminal and at each branch.

The following procedure is used to design a duct
system by this method: select a starting velocity at the fan
discharge from Table 7 and size the initial duct section
from Table 6.

The remaining sections of duct are sized from Chart
10 (L!Q Ratio) and Chart 11 (Low Velocity Static Regain).
Chart 10 is used to determine the L/Q ratio knowing the
air quantity (Q) and length (L) between outlets or
branches in the duct section to be sized by static regain.
This length (L) is the equivalent length between the
outlets or branches, including elbows, except
transformations. The effect of the transformation section is
accounted for in “Chart 11 3 Static Regain.” This
assumes that the transformation section is laid out
according to the recommendation presented in this
chapter.

Chart 11 is used to determine the velocity in the duct
section that is being sized. The values of the L/Q ratio
(Chart 10) and the velocity (V1) in the duct section
immediately before the one being sized are used in chart
11. The velocity (V2) determined from Chart 11 is used
with the air quantity to arrive at the duct area. This duct
area is used in Table 6 to size the rectangular duct and to
obtain the equivalent round duct size.  By using this duct
size, the friction loss thru the length of duct equals the in
crease in static pressure due to the velocity change after
each branch take-off and outlet. However, there are
instances when the reduction in area is too small to
warrant a change in duct size after the outlet, or possibly
when the duct area is reduced more than is called for.
This gives a gain or loss for the particular duct section
that the fan must handle. Normally, this loss or gain is
small and, in most instances, can be neglected.

Instead of designing a duct system for zero gain or
loss, it is possible to design for a constant loss or gain
thru all or part of the system. Designing for a constant
loss increases operating cost and balancing time and
may increase the fan motor size.  Although not normally
recommended, sizing for a constant loss reduces the
duct size.
Example 5 – Static Regain Method of Designing Ducts
Given :

Duct layout (Example 4 and Fig. 47)
Total air quantity – 5400 cfm
Velocity in initial duct section – 1700 fpm (Example 4)
Unvaned radius elbow, R/D = 1.25
18 air terminals – 300 cfm each
Operating pressure for all terminals – 0.15 in. wg

Find :
1. Duct sizes.
2. Total static pressure required at fan discharge.

Solution :
1. Using an initial velocity of 1700 fpm and knowing the air

quantity (5400 cfm), the initial  duct area after the fan
discharge equals 3.18 sq ft. From Table 6, a duct size of
22” X 22” is selected. The equivalent round duct size
from Tale 6 is 24.1 in. and the friction rate from Chart 7 is
0.145 in. wg per 100 ft of equivalent length. The
equivalent length of duct from the fan discharge to the
first branch :

=  duct length + additional length due to fitings
=  60 + 12 = 72 ft

The friction loss in the duct section up to the first branch:
= equiv length of duct X friction rate

= 72 X

The remaining duct sections are now sized.

(4000
1700[( ) ) ]590

4000
22-

4000
2000[( ) ) ]1700

4000
22- (
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CHART 10 – L/Q RATIO

CHART 11 – LOW VELOCITY STATIC REGAIN
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The longest duct run (A to outlet 18, Fig. 47) should be
sized first. In this example, it is desirable to have the
static pressure in the duct immediately before outlets 1
and 7 equal to the static pressure before outlet 13.
Figure 48 tabulates the duct sizes.

2. The total pressure required at the fan discharge is equal
to the sum of the friction loss in the initial duct section
plus the terminal operating pressure.
Fan discharge pressure:

= friction loss + terminal pressure
= .104 + .15 = .25 in. wg

It is good design practice to include splitter dampers
to regulate the flow to the branches, even though the
static pressure at each terminal is nearly equal.
Comparison of Static Regain and Equal Friction Methods

Example 4 and 5 show that the header duct size
determined by the equal friction or static regain method
are the same. However, the branch ducts, sized by static
regain, are larger than the branch ducts sized by equal
friction.

Figure 49 shows a comparison of duct sizes and
weight established by the two methods.

The weight of sheet metal required for the system
designed by static regain is approximately 13% more
than the system designed by equal friction. However, this
increase in first cost is offset by reduced balancing time
and operating cost.

If it is assumed that a low velocity air handling system
is used in Examples 3 and 4 and that a design air flow of
5400 cfm requires a static pressure of 1.5 in. wg, The
increased horsepower required for other equal friction
design is determined in the following manner.

STATIC
REGAIN

METHOD S.P.
(in. wg)

EQUAL
FRICTION

METHOD S.P.
(in. wg)

Air handling equipment         1.5         1.5
Duct friction          .104         .33
Terminal pressure          .15         .15
Static regain credit          -         -.12
Total         1.75         1.86

Additional hp =                     = 6.3%approx.

A 6% increase in horsepower often indicates a larger
fan motor and subsequent increased electrical
transmission costs.

HIGH VELOCITY DUCT SYSTEMS

A high velocity air distribution system uses higher air
velocities and static pressures than a conventional
system. The design of a high velocity system involves a
compromise between reduced duct sizes and higher fan
horsepower. The reduced duct size is a savings in
building space normally allotted to the air conditioning
ducts.

Usually Class II fans are required for the increased
static pressure in a high velocity system and extra care
must be taken in duct layout and construction. Ducts are
normally sealed to prevent leakage of air which may
cause objectionable noise. Round ducts are preferred to
rectangular because of greater rigidity. Spira-Pipe
should be used whenever possible, since it is made of
lighter gage metal than corresponding round and
rectangular ducts, and does not require bracing.

Symmetry is a very important consideration when
designing a duct system. Maintaining as symmetrical a
system as possible reduces balancing time, design time
and layout. Using the maximum amount of symmetrical
duct runs also reduces construction and installation
costs.

Particular care must be given to the selection and
location of fittings to avoid excessive pressure drops and
possible noise problem. Figure 50 illustrates the minimum
distance of six duct diameters between elbows and 90°
tees. If a 90 ° conical tee is used, the next fitting in the
direction of air flow may be located a minimum of one-half
duct diameter away (Fig. 51). The use of a conical tee is
limited to header ductwork and then only for increased
initial velocities in the riser.

When laying out the header ductwork for a high
velocity system, there are certain factors that must be
considered:

1. The design friction losses from the fan discharge
to a point immediately upstream of the first riser
take-off from each branch header should be as
nearly equal as possible. These points of the
same friction loss are shown in Fig. 52.

2. To satisfy the above principle when applied to
multiple headers leaving the fan, and to take
maximum advantage of allowable high velocity,
adhear to the following basic rule wherever
possible: Make as nearly equal as possible the
ratio of the total equivalent length of each header

1.86 – 1.75
1.75
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Fig. 48 – Duct Sizing Calculation Form

Fig. 49 – Comparison of Duct Sizing Methods
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run (fan discharge to the first riser take-off) to the
initial header diameter (L/D ratio). Thus the
longest Spira-Pipe header run should preferably
have the highest air quantity so that the highest
velocities can be used throughout.

3. Unless space conditions dictate otherwise, the
take-off from the header should be made using a
90° tee or 90° conical tee rather than a 45° tee.
By using 90° fittings, the pressure drop to the
branch throughout the system is more uniform. In
addition, two fittings are normally required when
a 45° tee is used and only one when a 90°
fitting is used, resulting in lower first cost.

The design of a high velocity system is basically the
same as a low velocity duct system designed for static
regain. The air velocity is reduced at each take-off to the
riser and air terminals. This reduction in velocity results in
a recovery of static pressure (velocity regain) which
offsets the friction loss in the succeeding duct section.

The initial staring velocity in the supply header
depends on the number of hours of operation. To achieve
an economic balance between first cost and operating
cost, lower air velocities in the header are recommended
for 24-hour operation where space permits. When a 90°
conical tee is used instead of a 90° tee for the header to
branch take-off, a higher initial staring velocity in the
branch is recommended. The following table suggests
initial velocities for header and branch duct sizing:

RECOMMENDED INITIAL VELOCITIES
USED WITH CHARTS 12 AND 13 (fpm)

HEADER
  12 hr. operation
  24 hr. operation

3000 – 4000
2000 – 3500

BRANCH *
  90° conical tee
  90° tee

4000 – 5000
3500 – 4000

Take-Offs To Terminals 2000 maximum
* Branches are defined as a branch header or riser
having 4 to 5 or more take-offs to terminals

Static regain charts are presented for the design of
high velocity system. Chart 12 is used for designing
branches and Chart 13 is used for header design. The
basic difference in the two charts is the air quantity for the
duct sections.

Chat 12 is used for sizing risers and branch headers
handling 6000 cfm or less. The chart is based on 12 ft
increments between take-offs to the air terminals in the
branches or take-offs to the risers in branch headers. A
scale is provided to correct for spacings more or less
than 12 ft.

Chat 13 is used to size headers, and has an air
quantity range of 1000 to 40,000 cfm. The chart is based
on 20 ft increments between branches. A correction scale
at the top of the chart is used when take-off to branch is
more or less than 20 ft.

Example 6 and 7 are presented to illustrate the use
of these two charts. Example 6 is a branch sizing
problem for the duct layout in Fig. 53, and Example 7 is a
header layout (Fig. 55).

Fig. 51 – Spacing of Fitting When Using 90º Conical Tee

Fig. 50 – Spacing of Fitting in Duct Run
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CHART 12 – BRANCH HIGH VELOCITY STATIC REGAIN
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CHART 13 – HEADER HIGH VELOCITY STATIC REGAIN
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Example 6 – Use of Branch Duct Sizing Chart
Given:

Office building riser as shown in Fig. 53
12 air terminals – 100 cfm each
Total air quantity – 1200 cfm
Air terminal static pressure – 1.5 in. wg

Find:
Duct size for Section 1 thru 6,  Fig. 53.

Solution:
1. Sketch branch as shown in Fig. 53. Enter appropriate

values in column 2, 3 and 8, Fig. 54.
2. Enter Chart 12 at the velocity range recommended for

branch risers with a 90° conical tee, page 52.

3. Intersect the initial branch air quantity, 1200 cfm, as
shown at point A. Read 7 in. duct size and 3.8 in. wg loss
per 100 ft of equivalent pipe and 4500 fmp velocity. Enter
these values on the high velocity calculations form (Fig.
54).

4. From point A, determine header take-off loss by
projection horizontally to the left of point A and read 1.25
in. wg.

5. Enter 1.25 in. wg in Fig. 54 for section 1.
6. Determine equivalent length from the header to the first

air terminal take-off:

Fig. 52 – High Velocity Headers and Branches

Fig. 54 – High Velocity Branch Sizing Calculations

Fig. 53 – Branch Duct for Example 6
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Length of pipe = 6 + 12 = 18 ft. One 7 in. smooth ell =
5.3 ft. Total equivalent length = 18 + 5.3 = 23.3 ft.
Pressure drop = 23.3 X 3.8/100 = .89 in. wg.

7. Determine duct size for section 2:
From point A on Chart 12, project thru point B and C to
the 1000 cfm line at point D.

8. Determine equivalent length for section 2:
Actual duct length = 12 + 2 = 14 ft. Two smooth 90 ells =
2 x 5.3 = 10.6 ft. Total equivalent length = 14 + 10.6 =
24.6 ft.

9. Determine pressure loss in section 2:
Project vertically from point  D to reference line, then to
point E. Proceed on the guide lines to 24.6 ft equivalent
length, point F. Project vertically from F to 1000 cfm line
at point H. Enter point H (1.25 in. wg) and point G (1.01
in. wg) in Fig 54, columns 4 and 5. The net loss in “point
H – point G” = 1.25 – 1.00 = .25 in. wg. This is entered in
column 6 of Fig. 54. Enter 7 in. diameter in column 9.

10. Determine duct size for section 3:
Project downward on the 7 in. diameter line to the 1000
cfm line, point H to I.

11. Project along guide lines at the right side of the chart
from I to the 800 cfm line at point J. Duct size is 7 in.
Enter appropriate values from the chart in column 4, 5, 6
and 9 of Fig. 54.

12. Determine duct size for section 4:
Project downward on the 7 in. diameter line to the 800
cfm line, point J to K.

13. Project along guide lines at the right side of the chart
from point K to the 600 cfm line at point L. Project along
the 600 cfm line to the 7 in. diameter line, point L to M.
This results in a static regain of .57 - .47 = .10 in. wg.
Duct size for section 4 is 7 in. Enter appropriate values in
Fig. 54, columns 4, 5, 6, 7 and 9.
NOTE: If the 600 cfm line is projected from point L to the

6 in. diameter line, a net loss of .88 - .45 = .43 in.
wg results. This friction loss unnecessarily penalizes
the system. Therefore, the projection from L is made
to the 7 in. diameter line.

14. Determine duct size for section 5: Project downward from
M to 600 cfm line, point N. Project along guide lines to
400 cfm line, point O. Continue along the 400 cfm line to
the 6 in. diameter line, point O to P. This results in a static
pressure loss of .40 - .315 = .085 in. wg. Duct size is 6 in.
Enter the appropriate values in Fig. 54, columns 4, 5, 6,7
and 9.
NOTE: If the 400 cfm is projected from point O to the 7 in

diameter line, a net regain of .315 - .20 = .115 in.
wg results. Therefore, the 6 in. size is used to save
on first cost since the net loss using the 6 in. size is
insignificant.

15. Determine duct size for section 6:
Duct size is 5 in. as determined from point S.

16. Determine velocities for duct sections 1-6 from points A,
I, K, N, Q and T respectively; enter in column 10.

17. Determine take-off and runout pressure drop by entering
upper right hand portion of Chart 12 At 100 cfm and read
a pressure drop of .19 in. wg for  a 4 in. runout size.

18. Add 2.39 in. wg (maximum from column 7) plus 1.5 in.
wg (column 8) plus .19 (take-off and runout drop) to find
4.08 in. wg (total branch S.P.)

Example 7 – Use of Header Sizing Chart
Given:

Office building, 12-hour operation
Header as shown in Fig. 55
10 branches – 1200 cfm each
Total air quantity – 12,000 cfm

Find:
Header size for section 1 thru 10

Solution:
1. Sketch header as shown in Fig. 55. Enter appropriate

values in Fig. 56, columns 1, 2, 3 and 8.
2. Enter Chart 13 at the velocity range recommended for

headers in a system operating 12 hours. Page 52.
3. Intersect the initial header air quantity 12,000 cfm as

shown, at point A. Read 24 in. duct size and .62 in. wg
loss per 100 ft of equivalent pipe and 3800 fmp. Enter
these values on high velocity calculation form. (Fig. 56).

4. Calculate the equivalent length of section 1 and record in
column 3; straight duct = 20 feet, no fittings; pressure
drop – 20 x .62 = .124 in. wg.

5. Size duct section: From point A on chart, project thru
point B and C to the 10,800 cfm line at point D.

6. Determine equivalent length for section 2: Actual length
= 20 ft. One 5-piece 90° ell = 24 ft. Total equivalent
length = 20 + 24 = 44 ft.

7. Determine pressure loss in section 2: Project vertically
from point D to reference line, point E. Proceed on the
guide lines to 44 ft. equivalent length, point F. Project
vertically from F to 10,800 cfm line at point G, then along

Fig. 55 – High Velocity Duct System – Header
Static Regain Method Sizing
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the 10,800 cfm line to point H. Enter the net loss read
from point G. (.84) and from point H (.90) in columns 4
and 5, Fig. 56.The net loss is “point H - point G” = .90 -
.84 = .06 in. wg. This is entered in column 6, Fig. 56.
Enter 24 in. diameter in column 9.

8. Determine duct size for section 3: Project downward on
the 24 in. line to the 10,800 cfm line, point H to I. Project
along the guide lines at the right side of the chart form I
to the 9600 cfm line at point J. Enter appropriate values
from the chart in column 4, 5, 6 and 9 Fig. 56.

9. Determine duct sizes for sections 4 thru 10 in a manner
similar to Stop 8, using the listed air quantities and
equivalent lengths. One exception is duct section 6.
Since its equivalent length is 44 feet, use the method
outlined in Steps 5, 6 and 7 to determine the pressure
drop. In addition, see Example 5, Step 13 and 14, for
explanation when the Chart indicates a duct diameter
other than those listed, for instance 23 inches.

DUCT HEAT GAIN AND AIR LEAKAGE
Whenever the air inside the duct system is at a

temperature different than the air surrounding the duct,
heat flows in or out of the duct. As the load is calculated,
an allowance is made for this  heat gain or loss. In
addition, air leakage is also included in the calculated
load. The load allowance required and guides to
condition under which an allowance should be made for
both heat gain or loss and duct should be made for both
heat gain or loss and duct leakage are included in Part I,
System Heat Gain.

Chart 14 is used to determine the temperature rise or
drop for bare duct that has an aspect ratio of 2:1. In

addition, correction factors for other aspect ratios and
insulated duct are given in the notes to the chart.
Example 8 – Calculations for Supply Duct
Given:

Supply air quantity from load estimate form – 1650 cfm
Supply duct heat gain from load estimate form – 5%
Supply duct leakage from load estimate form – 5%
Unconditioned space temp – 95 F
Room air temperature – 78 F
Duct insulation U value – .24
Duct shown in Fig. 57.

Find:
Air quantities at each outlet

Solution:
1. Room air quantity required at 60 F

=   1650 = 1500 cfm
1 + .05 + .05

Fig. 57 – Duct Heart Gain and Air Leakage

Fig. 56 – High Velocity Header Sizing Calculations
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Normally a 10% leakage allowance is used if the
complete duct is outside the room. Since a large portion
of the duct is within the room, 5% is used in this example.

2. Determine the temperature rise from A to B: Select an
initial staring velocity from Table 7 (assume 1400 fmp).
Calculate the temperature rise from the fan to the room.
Enter Chart 14 at 1500 cfm; project vertically to 1400 fmp
and read .27 degrees temperature change per 100 ft per
degree F difference. Using aspect ratio of 2:1,
temperature rise
=                    x .27 F change x.185x(95-60) =  .52 F

Air temperature entering room = 60.52 F 
Actual air quantity entering room
=                       x 1500 = 1540 cfm

Air temperature rise from A to B
=               x 17.48 x .27    = .33 F

Supply air temperature diff to outlet B
=        78 – (60.52 + .33)    = 17.15 F

Required air quantity to outlet B
=         500 x                       = 522 cfm

with no allowance for cooling from the duct.
Outlet B cfm with allowance for duct cooling
=        500 –    1540  x              = 492 cfm

3. Determine cfm for outlet C: Use equal friction method to
determine velocity in second section of duct, with 1540 –
492 = 1048 cfm; velocity = 1280 fpm.
Determine temperature rise at outlet: From Chart 14, read
.32 for 1280 fpm and 1040 cfm. Temperature rise
=            .32 x 17.2 x                  = .83 F
Supply air temperature diff = 17.2 - .8 =16.4 F
Outlet cfm adjusted for temperature rise
=       500 x                 = 550 cfm

Allowance for duct cooling
=       500  –    1048 x           = 498 cfm

4. Determine cfm for outlet D:
Use equal friction method to determine velocity in third
section of duct with 1048 – 498 = 550 cfm;
velocity = 1180 fpm.
Determine temperature rise at outlet:
From Chart 14, read .43 F for  1180 fpm and 550 cfm.
Temperature rise
=     .43 x 16.4 x                     = 1.06 F

30 ft
100 ft

78 - 60
78 – 60.52

7
100

18
17.2

( .33
17.2 )

15
100

( .8
16.4)

15
100

CHART 14 – DUCT HEAT GAIN OR LOSS

18
16.4
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Supply air temperature diff  =  16.4 – 1.1 = 15.3 F
Outler cfm adjusted for temperature rise
=       500 x    = 588 cfm

Allowance for duct cooling
=       588 –    588 x               = 546 cfm

5. Check for total cfm:
         492 + 498 + 546 = 1536 cfm
This compares favorably with the 1540 cfm entering
room. Fig. 57 shows original and corrected outlet air
quantities.

HIGH ALTITUDE DUCT DESIGN
When an air distribution system is designed to operate

above 2000 feet altitude, below 30 F, or above 120 F
temperature, the friction loss obtained from Chart 7, page
33, must be corrected for the air density. Chart 15
presents the correction factors for temperature and
altitude. The actual cfm is used to find the friction loss
from Chart 7 and this loss is multiplied by the correction
factor or factors from Chart 15 to obtain the actual friction
loss.

18
15.3

( )1.1
15.3

CHART 15 – AIR DENSITY CORRECTION FACTORS
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When calculating losses thru filters, cooling coils,
heating coils etc., adjust the actual cfm to standard cfm
by multiplying by the air density ratio. Obtain the friction
loss for the equipment from published data based on the
standard cfm. Divide the friction from the published data
by the air density ratio to obtain the actual air friction.
DUCT CONSTRUCTION

The sheet metal gage used in the ducts and the
reinforcing required depends on the pressure conditions
of the system. There is also a wide variety of joins and
seams used to form the ducts which also depend on
pressure conditions in the duct system.
Low Pressure Systems

Table 14 lists the recommended construction for
rectangular ducts made of aluminum or steel.

The method of bracing and reinforcing and types of joints
and seams are included in the table. Round duct and
Spira- Pipe construction are included in Table 15 and 16
which apply for low and high pressure system. Fig. 58
illustrates the more common seams and joins used in low
pressure systems.

TABLE 14 – RECOMMENDED CONSTRUCTION FOR RECTANGULAR SHEET METAL DUCTS
Low pressure systems

TABLE 16 – MATERIAL GAGE FOR
SPIRA-PIPE DUCT

Low and High Pressure Systems

TABLE 15 – RECOMMENDED CONSTRUCTION FOR ROUND SHEET METAL DUCT
Low and High Pressure Systems
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High Pressure Systems
Table 17 contains the construction recommendations

for rectangular duct made of aluminum or steel. The table
includes the required reinforcing and bracing and types
of joins and seams used in high pressure duct systems.

Fig. 59 showa the common joint used for rectangular
ducts in high pressure systems. The ducts are
constructed with a Pittsburg lock or grooved longitudinal
seams (Fig. 58).

Table 15 shows the recommended duct construction
for round ducts. The data applies for either high or low
pressure systems. Fig. 60 illustrates the seams and joins
used in round duct systems. The duct materials for Spira-
Pipe are given in Table 16. Fig. 59 – Joint For High Pressure System

Fig. 58 – Joints and Seams For Low Pressure System
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Fitting are normally used to join sections of Spira-
Pipe as shown in Fig. 61. Sealing compound is used to
join Spiri-Pipe to fittings.
WEIGHTS OF DUCT MATERIALS

Table 18 gives the weights of various materials used
for duct systems.

TABLE 17 – RECOMMENDED CONSTRUCTION FOR
RECTANGULAR SHEET METAL DUCTS

High Pressure Systems

Fig. 60 – Round Duct Joints and Seams

Fig. 61 – Joint and Seam For Spira-pipe
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TABLE 18 – WEIGHTS OF DUCT MATERIAL
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CHAPTER 3. ROOM AIR DISTRIBUTION

This chapter discusses the distribution of conditioned
air after it has been transmitted to the room. The
discussion includes proper room air distribution,
principles of air distribution, and types and location of
outlets.
REQUIREMENTS NECESSARY FOR GOOD AIR
DISTRIBUTION
TEMPERATURE

Recommended standards for room design conditions
are listed in Part I, Chapter 2. The air distributing system
must be designed to hold the temperature within tolerable
limits of the above recommendations. In a single space a
variation of 2 F at different locations in the occupied zone
is about the maximum that is tolerated without complaints.
For a group of rooms located within a space, a maximum
of 3 F between rooms is not unusual. Temperature
variations are generally more objectionable in the heating
season than in the cooling season.

Temperature Fluctuations are more noticeable than
temperature variations. These fluctuations are usually a
function of the temperature control system. When they are
accompanied by air movements on the high end of the
recommended velocities, they may result in complains of
drafts.
AIR VELOCITY

Table 19 shows room air velocities. It also illustrates
occupant reaction to various room air velocities in the
occupied zone.
AIR DIRECTION

Table 19 shows that air motion is desirable and
actually necessary. Fig. 62 is a guide to the most
desirable air direction for a seated person.
PRINCIPLE OF AIR DISTRIBUTION

The following section describes the principle of air
distribution.
BLOW

Blow is the horizontal distance that an air stream
travels on leaving an outlet. This distance is measured
from the outlet to a point at which the velocity of the air
stream has reached a definite minimum 6.5 ft. above the
floor.

Blow is proportional to the velocity of the primary air
as it leaves the outlet, and is independent of the
temperature difference between the supply air and the
room air.

TABLE 19 – OCCUPIED ZONE ROOM AIR
VELOCITIES

Fig. 62 – Desirable Air Direction
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DROP
Drop, or rise, is the vertical distance the air moves

between the time it leaves the outlet and the time it
reaches the end of its blow.
INDUCTION

Induction is the entrainment of room air by the air
ejected from the outlet and is a result of the velocity of the
outlet air. The air coming directly from the outlet is called
air. The air coming directly from the outlet is called
primary air. The room air which is picked up and carried
along by the primary air is called secondary air. The
entire stream, composed of a mixture of primary and
secondary air, is called total air.

Induction is expressed by the momentum equation:
M1V1 + M2V2 = (M1 + M2) X V3

Where M1 = mass of the primary air
M2 = mass of the secondary air
V1 = Velocity of the primary air
V2 = velocity of the secondary air
V3 = Velocity of the total air

Induction ratio (R) is defined as the ratio of total air to
primary air;

R =   total air   =    primary + secondary air
      primary air                 primary air

IMPORTANCE OF INDUCTION
Since blow is a function of velocity and since the rate

of decrease of velocity is dependent on the rate of
induction, the length of blow is dependent on the amount
of induction that occurs. The amount of induction for an
outlet is a direct function of the perimeter of the primary
air stream cross-section. For two outlets having the same
area, the outlet with the large perimeter has the greatest
induction and, therefore, the shortest blow. Thus, for a
given air quantity discharged into a room with a given
pressure, the minimum induction and maximum blow is
obtained by a single outlet with a round cross-section.
Conversely, the greatest induction and the shortest blow
occur with a single outlet in the form of a long narrow slot.
SPREAD

Spread is the angle of divergence of the air stream
after it leaves the outlet. Horizontal spread is divergence
in the horizontal plane and vertical spread is divergence
in the vertical plane. Spread is the included angle
measured in degrees.

Spread is the result of the momentum law. Fig. 63 is
an illustration of the effect of induction on stream are and
air velocity.

Example 1 – Effect of induction
Given:

1000 cfm primary air
1000 cfm secondary air
1000 fpm primary air velocity
      0 fpm secondary air velocity

Find:
The velocity and area of the total air stream when 1000 cfm of
primary and 1000 cfm of secondary air are mixed.

Solution:
Area of the initial primary air stream before induction

=              =                    = 1 sq ft

Substituting in the momentum equation
(1000 x 1000) + (1000 x 0) = (1000 + 1000) V3

                V3= 500
Area of the total air stream

=                    =                         =  4 sq ft

An outlet discharging air uniformly forward, no
diverging or converging vane setting, results in a spread
of about an 18° to 20° included angle in both planes.
This is equal to a spread of about one foot in every six
feet of blow. Type and shape of outlet has an influence on
this included angle, but for nearly all outlets it holds to
somewhere between 15° and 23°

INFLUENCE OF VANES ON OUTLET PERFORMANCE
Straight Vanes

Outlets with vanes set at a straight angle result in a
spread  of approximately 19º in both the horizontal and
vertical plane (Fig. 64)

Converging Vanes
Outlets with vanes set to direct the discharge air (Fig.

65) result in approximately the same spread (19º) as
when the vanes are set straight.

1000
1000

V1

M1

500
1000 + 1000

V3

M1 + M2

Fig. 63 – Effect of Induction
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However, the resulting blow is approximately 15% longer
than the straight vane setting
Diverging Vanes

Outlets with vanes set to give an angular spread to the
discharge air have a marked effect on direction and
distance of travel. Vertical vanes with the end vanes set at
a 45º angle, and all other vanes set at intermediate
angles to give a fanning effect, produce an air stream
with a horizontal included angle of approximately 60º
(Fig. 66). Under this condition the blow is reduced about
50%. Outlets with end  vanes set at angles less than 45º,
and all other vanes set at intermediate angles to give a
fanning effect, have a blow correspondingly larger than
the 45º vane setting, but less than a straight vane
setting.

Where diverging vanes are used, the free outlet area
is reduced; therefore, the air quantity is less than for
straight vanes unless the pressure is increased. To miss
an obstruction or to direct the air in a particular direction,
all vanes can be set for a specific angle as illustrated in
Fig. 67. Notice that the spread angle is still approximately
19º.
INFLUENCE OF DUCT VELOCITY ON OUTLET
PERFORMANCE

An outlet is designed to distribute air that has been
supplied to it with velocity, pressure and direction, with
limits that enable it to completely perform its function.
However, an outlet is not designed to correct
unreasonable conditions of flow in the air supplied to it.

Fig. 64 – Spread with Straight Vanes Fig. 65 – Spread with Converging Vanes

Fig. 66 – Spread with Diverging Vanes

Fig. 67 – Spread with Straight Vanes Set
At An Angle
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Where an outlet without vanes is located directly against
the side of a duct, the direction of blow of the air from the
outlet is the vector sum of the duct velocity and the outlet
velocity (Fig. 68). This may be modified by the peculiarity
of the duct opening.

Where an outlet is applied to the face of the duct, the
resultant velocity Vc can be modified by adjustable vanes
behind the outlet. Whether they should be applied or not
depends on the amount of divergence from straight blow
that is acceptable.

Often outlets are mounted on short extension
collars away from the face of the duct. Whenever the duct
velocity exceeds the outlet discharge velocity, vanes
should be used where the collar joins the duct. Results
are indicated in Fig. 69.
IMPORTANCE OF CORRECT BLOW

Normally it is not necessary to blow the entire length
or width of a room. A good rule of thumb to follow is to
blow ¾ of the distance to the opposite wall. Exceptions
occur, however, when there are local sources of heat at
the end of the room opposite the outlet. These sources
can be equipment heat and open doors. Under these
circumstances, over
blow may be required and caution must be exercised to
prevent draft conditions.
SUPPLY TEMPERATURE DIFFERENTIAL

The allowable supply temperature difference that can
be tolerated between the room and the supply air
depends to great extent on (1) outlet induction ratio, (2)
obstructions in the path of the primary air, and (3) the
ceiling height. Fig. 70 indicates the effect of changing the
supply air temperature from warm to cold.

Since induction depends on the outlet velocity, there
is a supply temperature differential which must be
specified to give satisfactory results.
TOTAL ROOM AIR MOVEMENT

The object of room air distribution is to provide
satisfactory room air motion within the occupied zone,
and is accomplished by relating the outley characteristics
and performance to the room air motion as follows:

1. Total air in circulation
 =    outlet cfm X induction ratio.

      2.  Average room velocity
=

3.  K        =

Fig. 68 – Outlet Located in Duct

Fig. 69 – Collar for Outlets

Fig. 70 – Air Stream Patterns for Various
Temperature Differentials

1.4 x total cfm in circulation
area of wall opposite outlet(s)
average room velocity
1.4 x induction ratio

outlet cfm
clear area of wall opposite outlet (s)

=

=
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Where K is the room circulation factor expressed
in primary air cfm/sq of wall opposite the outlet.

The multiplier 1.4 allows for the blocking caused by
the air stream. Note that the clear wall area is indicated in
the equation and all obstruction must be deducted. See
Note 8, Table 21.

Table 19 indicates that the average room air
movement should be kept between 15 and 50 fpm for
most applications. Tests have been performed on outlets
at various outlet velocities to determine performance
characteristics. The results of such tests on a specific
series of wall outlets (Fig. 93) are shown in the rating
tables at the end of this chapter. This rating data can be
successfully used for outlets having the nominal
dimensions and free area indicated in Table 21. An
example illustrating outlet selection accompanies the
table. The K factor as indicated in I tem 3  is shown at the
bottom of the rating table as maximum and minimum
cfm/sq ft of outlet wall area.
TYPES OF OUTLETS
PERFORATED GRILLE

This grille has a small vane ratio (usually from 0.05 to
0.20) and, therefore, has little directional effect.
Consequently, it is used principally as an exhaust or
resturn grille but seldom as a supply grille. When a
manual shut-off damper backs up this grille, it becomes a
register.
FIXED BAR GRILLE

The fixed bar grille is used satisfactorily in locations
where flow direction is not critical or can be
predetermined. A vane ratio of one or more is desirable.
To obstruct the line of sight into the duct interior, closely
spaced vanes are preferred.
ADJUSTABLE BAR GRILLE

This grille is the most desirable for side wall location.
Since it is available with both horizontal and vertical
adjustable bars, minor air motion problems can be
quickly corrected by adjusting the vanes.
SLOTTED OUTLET

This outlet may have multiple slots widely spaced,
resulting in about 10% free area. Performance is about
the same as for a bar grille of the same cfm and static
pressure, but the blow is shorter because of greater
induction at the outlet face.

Another design to effect early completion of induction
is the long single, or double, horizontal slot.

It is particularly advantageous where low ceiling heights
exist and outlet height is limited, or where objections to
the appearance of grilles are raised.
EJECTOR OUTLET

The ejector outlet operates at a high pressure to
obtain a high induction ratio and is primarily used for
industrial work and spot cooling. When applied to spot
cooling, a high degree of ejector flexibility is desired.
INTERNAL INDUCTION OUTLET

Where a sufficiently high air pressure is used, room air
is induced thru auxiliary openings into the outlet. Here it is
mixed with primary air, and discharged into the room at a
lower temperature differential than the primary stream.
Induction progresses in two steps, one in the outlet
casing and the other after the air leaves the outlet.
CEILING OUTLETS
Pan Outlet

This simple design of ceiling distribution makes use of
a duct collar with a pan under it. Air passes from the
plenum thru the duct collar and splashes against the pan.
The pan should be of sufficient diameter to hide the duct
opening from sight, and also should be adjustable in
distance from the ceiling. Pans may be perforated to
permit part of the air to diffuse downward. Advantages of
the pan outlet are low cost and ability to hide the air
opening. Disadvantages are lack of uniform air direction
because of poor approach conditions and the tendency
to streak ceilings.
Ceiling Diffuser

These outlets are improvements over the pan type.
They hasten induction somewhat by supplying air in
multiple layers. Approach conditions must be good to
secure even distribution. Frequently they are combined
with lighting fixtures, and are available with an internal
induction feature. See Fig. 71.
Perforated Ceilings and Panels

 Various types of perforated ceilings for the
introduction of conditioned air for comfort and industrial
systems are available. The principal feature of this
method of handling air is that a greater volume of air per
square foot of floor area can be introduced at a lower
temperature, with a minimum of movement in the
occupied zone and with less danger of draft. Since
discharge velocity is low, induction is low. Therefore, care
must be taken to provide adequate room air motion in
excess of 15 fpm.

www.HVAC-ENG.com



Part 2. Air Distribution  |  Chapter 3. Room Air Distribution

Duct designed for a perforated ceiling is the same as
duct designed for a standard ceiling. To obtain adequate
supply to all areas, the same care necessary for
conventional systems must be taken in laying out ducts
for the perforated ceiling. The ceiling panels should not
be depended upon to obtain proper air distribution, since
they cannot convey air to areas not otherwise properly
supplied. Perforated panels do assist in “spreading out”
the air supply and, therefore, comparatively large
temperature differentials may be used, even with low
ceiling heights.
APPLICATION OF CEILING DIFFUSERS

Installations using ceiling diffusers normally result in
fewer complaints of drafts than those using side wall
terminals. To eliminate or minimize these complaints, the
following recommendations should be considered when
applying ceiling diffusers.
BLOW

Select ceiling diffusers for a conservative blow,
generally not over 75% of the tabulated value. Over blow
may cause problems on many installations; under-blow
seldom does.
PRESSURE DROPS

Most rating tables express the pressure drop thru the
outlet only and do not include the pressure drop
necessary to force the air out of the duct thru the collar
and outlet and into the room. Therefore, it is

recommended that rated pressure drops be carefully
investigated and the proper safety factor applied when
necessary.
DIFFUSER APPROACH

An important criterion for good diffuser performance is
the proper approach condition. This means either a collar
of at least 4 times the duct diameter, or good turning
vanes. If vanes are used, they must be placed
perpendicular to the air flow at the upper end of the collar
and spaced approximately 2 in. apart.
OBSTRUCTIONS

Where obstructions to the flow of air from the diffuser
occur, blank off a small portion of the diffuser at the point
at which the obstruction is located. Clip-on baffles are
usually provided for this purpose.
OUTLET NOISE LIMITATIONS

One important criterion affecting the choice of an
outlet is its sound level. Table 20 shows recommended
outlet velocities that result in acceptable sound levels for
various types of applications.
OUTLET LOCATIONS

Interior architecture, building construction and dirt
streaking possibilities necessarily influence the layout and
location of the outlet. However desirable it may be to
locate an outlet in a given spot, these items may prevent
such location.

Fig. 71 – Internal Induction Ceiling Diffuser
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After all the foregoing limitations have been
successfully dealt with, the air distribution principles

which relate to flow, drop, capacity and room air
circulation create further limitations in designing an
acceptable air distribution system. These are tabulated in
the rating tables at the end of the chapter.

Local loads due to people concentration, equipment
heat, outside walls and window locations frequently
modify the choice of outlet location. The downdraft from a
cold wall or a glass window (Fig. 72) can reach velocities
of over 200 fpm, causing discomfort to occupants. Unless
this downdraft is overcome, complaints of cold feet result.
In northern climates this is accomplished by
supplementary radiation, or by an outlet located under a
window as illustrated in Fig. 73.

Another item to consider when choosing an outlet
location is the radiant effect from cold or warm surfaces.
During the heating season an outlet discharging warm air
under a cold window raises t he surface temperature
andreduces the feeling of discomfort.

TABLE 20 – RECOMMENDED OUTLET
VELOCITIES

Fig. 72 – Downdraft from Cold
Window

Fig. 73 – Discharge Air Offsetting Window
Downdraft

www.HVAC-ENG.com



Part 2. Air Distribution  |  Chapter 3. Room Air Distribution

The following describe four typical applications of
specific outlet types.
CEILING DIFFUSERS

Ceiling diffusers may be applied to exposed duct,
furred duct, or duct concealed in a ceiling. Although wall
outlets are installed on exposed and furred duct, they are
seldom applied to blow directly downward unless
complete mixing is accomplished before the air reaches
the occupied zone.
WALL OUTLETS

A high location for wall outlets is preferred where a
ceiling is free from obstructions. Where beams are
encountered, move the outlet down so that the air stream
is horizontal and free from obstruction. If this is not done
and if vanes are used to direct the sair stream downward,
the air enters the occupied zone at an angle and strikes
the occupants too quickly. This is shown in Fig. 74.

Wall outlets located near the floor (Fig. 75) are
suitable for heating but not for cooling, unless the air is
directed upward at a steep angle. The angle must be
such that either the air does not strike occupants directly
or the secondary induced stream does not cause an
objectionable draft.
WINDOW OUTLETS

Where single glass is used, window outlets are
perferred to either wall or ceiling distribution to offset the
pronounced downdraft during the winter. The air should
be directed with vanes at an angle of 15° or 20° from the
vertical into the room.
FLOOR OUTLETS

Where people are seated as in a theater, floor outlet
distribution is not permissible. Where people are walking
about, it is possible to introduce air at the floor level ; for

example, in stores where air is directed horizontally thru a
slot under a counter. In this application, however, a very
low temperature differential of not more than 5 or 6
degrees must be used. Maintaining this maximum is
usually uneconomical because of the large air volume
required. However, if air is directed upward behind the
counter and diffused at an elevation above the occupied
zone, the temperature differential may be increased
approximately 5 times. Another disadvantage is that floor
outlets become dirt collectors.
SPECIFIC APPLICATIONS

If the principles described in the previous paragraphs
are properly applied, problems after installation will be at
a minimum. Basically, the higher the ceiling the fewer the
number of problems encountered, and consequently
liberties may be taken at little or no risk when designing
the system. How ever, with ceiling heights of
approximately 12 feet or less, greater care must be
exercised to minimize problems.

Experience has shown that ceiling diffusers are easier
to apply than side wall outlets, and are preferred when air
quantities approach 2 cfm/sq ft of floor area.

The following general remarks about specific
applications are the result of thousands of installations
and are offered as a guide for better air distribution.
Apartments, hotels and office buildings are discussed un
relation to specific location of sources of air supply
common to these types of buildings. Banks, restaurants,
and department and specialty stores are discussed in
more general terms, although the common sources of
locations of outlets previously discussed can be applied.

Fig. 74 – Wall Outlet in Room With Ceiling
Obstruction

Fig. 75 – Wall Outlet Near Floor
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APARTMENTS, HOTELS AND OFFICE BUILDINGS
1. Corridor Supply – No direct radiation (Fig. 76):

Advantage – Low cost.
Disadvantage – Very poor in winter. Downdraft
under the window accentuated by the outlet blow.
Precaution – Blow must be not more than 75 % of
the room length.

2. Corridor Supply – Direct radiation under windows
(Fig. 77):
Advantage – Offset of downdraft under window in
winter when the heat is on.
Disadvantage – Slight downdraft still occurs during
intermediate season or whenever radiation is shut
off during cool weather.
Precaution – Do not blow more than 75 % of room
length.

3. Duct above window blowing toward corridor
(Fig. 78):
Advantage – Somewhat better than corridor
distribution but does not prevent winter downdraft
unless supplemented by direct radiation.
Disadvantage – Nearly as expensive (considering
building alt6erations) as window outlet which
results in better air distribution.

4. Window outlet (Fig. 79):
Advantage – Eliminates winter downdraft – by far
the best method of distribution.
Disadvantage – May not be economical for
multiple windows.

5. Return grille:
Where return air thru the corridor is permissible
and return ducts are not used, it is necessary to
use relief grilles or to undercut office doors.

In apartments and hotels, codes must be checked
before using the corridor, as a return plenum. Even if
codes permit, it is not good engineering practice to use
the corridor as a return plenum.

BANKS (FIG. 80)
Often the center bank space has a high ceiling with

an electrical load. In this case, use of side wall outlets
part of the way up the wall may result in segregating
some of the ceiling load and keeping it out of the
occupied zone, thus permitting some reduction in cooling
load. This location of outlets part way up the wall is used
with ceiling heights in excess of 20 ft.

Fig. 76 – Corridor Air Supply Fig. 79 – Window Outlet

Fig. 78 – Duct Above Window, Blowing Toward
Corridor

Fig. 77 – Corridor Air Supply with Direct
Radiation
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DEPARTMENT STORES (FIG. 81)
There is nothing critical about air distribution in

department stores if ordinary precautions are observed,
provided the ceiling is high enough. Care should be
taken in conditioning a mezzanine since the outlet is likely
to over blow and not cool its occupants. Longitudinal
distribution is preferred. Basements may give trouble due
to low ceilings and pipe obstructions. Main floors usually
require more air near doors.
RESTAURANTS (FIG. 82)

Great care must be taken in locating outlets with
respect to exhaust hoods or kitchen pass-thru windows.
Usually the air velocities over such openings are low and
excessive disturbance due to direct blow or induction
from outlets may pull air out of them into the conditioned
space.

STORES
1. Outlets at rear blowing toward door

(Fig. 83):
Requirements – Unobstructed ceiling.
Disadvantage – May result in high room
circulation factor K.
Precaution – Blow must be sized for the
entire length of the room; otherwise a hot
zone may occur due to infiltration at the
doorway. Care must be taken to avoid
downdrafts near walls.

2. Outlets over door blowing toward rear
(Fig. 84):
Requirements – Unobstructed ceiling.
Disadvantage – May result in high room
circulation.
Precaution - Excessive infiltration may occur
due to induction from doorway.

Fig. 80 – Air Distribution with High Ceiling

Fig. 82 – Restaurant Air Distribution

Fig. 81 – Mezzanine Air Distribution
Fig. 83 – Air Distribution from Rear of Store
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3.    Outlets blowing from each end
toward center (Fig. 85):
Advantage – Moderate room circulation.
Precaution – There may be a downdraft in
the center. Outlets should be sized for blow
not greater than 40 percent of the total
length of the room.

4. Center outlets blowing toward each end
(Fig. 86):
Advantage – Moderate room circulation.

5. Duct along side wall blowing across the
store (Fig. 87):
Advantage – Moderate room circulation.
Precaution – Over blow may cause
downdrafts on the opposite wall.

6. Ceiling diffusers (Fig. 88):
Requirements – Necessary where ceiling is
badly cut up.
Advantage – best air distribution.
Disadvantage – High cost.

THEATERS
1. Ejector system for small theaters, no balcony

(Fig. 89):
Requirements – Unobstructed ceiling and
ability to locate outlets in the rear wall.
Advantage – Low cost.
Precaution – Possibility of dead spots at
front and back of theater. Use mushrooms
for return air under seats if excavated. In
northern climates direct radiation may be
advisable along the sides.

Fig. 84 – Air Distribution from Over the Door

Fig. 85 – Air Distribution from Each End of Store Fig. 88 – Air Distribution from Ceiling Diffusers

Fig. 87 – Air Distribution from Sidewall Outlets

Fig. 86 – Air Distribution from Center of Store
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2. Ejector system for large theaters with
balcony (Fig. 90):
Requirements – Unobstructed ceiling.
Advantage – Low cost.
Precaution – Balcony and orchestra should
have separate returns. Preferred location,
under seats; acceptable location, along
sides or rear of theater. Return at front to
theater generally not acceptable. Outlets
under balcony should be sized for
distribution and blow to cover only the area
directly beneath the balcony. Orchestra area
under balcony should be conditioned by the
balcony system. Allow additional outlets in
rear for standees when necessary.

3. Overhead system (Fig. 91):
Requirements – Necessary when ceiling is
obstructed.
Advantage – Complete coverage, no dead
spots.
Disadvantage – Higher first cost.

Precaution – Air must not strike obstructions
with a velocity force that causes deflection
and drafts in the occupied zone.
Temperature differentials must be limited in
regions of low ceiling heights. Use low outlet
velocities.

RETURN GRILLES
Velocities thru return grilles depend on (1) the static

pressure loss allowed and (2) the effect on occupants or
materials in the room.

In determining the pressure loss, computations should
be based on the free velocity thru the grille, not on the
face velocity, since the orifice coefficient may approach
0.7.

In general the following velocities may be used:

LOCATION
Even though relatively high velocities are used thru

the face of the return grille, the approach velocity drops
markedly just a few inches in front of the grille. This
means that the location of a return grille is much less
critical than a supply grille. Also a relatively large air
quantity can be handled thru a return grille without
causing drafts. General drift toward the return grille must
be within acceptable limits of less than 50 fpm; otherwise
complaints resulting from drafts may result. Fig. 92
indicates the fall-off in velocity as distance from the return
grille is increased. It also illustrates the approximate
velocities at various distances from the grille, returning
500 cfm at a face velocity of 500 fpm.
Ceiling Return

These returns are not normally recommended.
Difficulty may be expected when the room circulation due
to low induction is insufficient to cause warm air to flow to
the floor in winter. Also, a poorly located ceiling return is
likely to bypass the cold air in summer or warm air in
winter before it has time to accomplish its work.
Wall Return

Fig. 89 – Air Distribution for Small Theatres

Fig. 91 – Overhead Air Distribution

Fig. 90 – Air Distribution for Large Theatres
With Balcony
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A wall return near the floor is the best location. Wall
returns near the ceiling are almost as undesirable as
ceiling returns. Differences due to poor mixing in the
winter are counteracted by a low return since the cool
floor air is withdrawn first and is replaced by the warmer
upper air strata.
Floor Return

These should be avoided wherever possible because
they are a catch-all for dirt and impose a severe strain
both on the filter and cooling coils. Whenever floor returns
are used, a low velocity settling chamber should be
incorporated.
OUTLET SELECTION

The following example describes a method of
selecting a wall outlet using the rating tables on page 78.
Example 2 – Wall Outlet Selection
Given:

Small store
Dimensions – 32 ft X 23 ft X 16 ft

Ceiling – flat
Load – equally distributed
Air quantity – 2000 cfm
Temp diff – 25 F

Find:
Number – of outlets
Size of outlets
Location

Solution:
First, find the required blow in feet and the wall outlet area (air

movement K factor). The minimum blow is 75% of the room width
for the given condition of equally distributed heat load. Therefore,
the minimum blow necessary is ¾ X 23 = 17.3 ft. The maximum
blow is the width of the room. The outlet wall area K factor is equal
to the cfm supplied divided by the outlet wall area:

Enter Table 21 and select one or more outlets to give a blow of at
least 17.3 ft. Air movement must be such that the value of  K equals
3.9 primary air cfm/sq ft and that this value falls within the maximum
and minimum values which are shown at the bottom of the rating
tables. The tables indicate that, to best satisfy conditions, four
outlets, nominal size 24 in. x 6 in., are to be used. By interpolating, it
is found that the four 24 in. x 6 in. outlets at 500 cfm have a range in
blow of 17.5 to 34 ft. By adjusting the vanes the proper blow can be
obtained. Also the velocity of the outlet is found to be about 775 fpm.
This is  well within the recommended maximum velocity of 1500 fpm,
Table 20. The minimum ceiling height from the table is just over 9 ft.
This is less than the height of the room; therefore, the outlet selection
is satisfactory. The top of the outlets should be installed at least 12
in. from the ceiling, (Note 8, Table 21).

32 x 16
2000 = 3.9 primary air cfm/sq ft wall areaFig. 92 – Velocity Fall-off per Distance

From Grille

Fig. 93 – Wall Outlet on Which Ratings Are Based
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TABLE 21 – WALL OUTLET RATINGS, FOR COOLING  ONLY
For Flat Ceilings
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TABLE 21 – WALL OUTLET RATINGS, FOR COOLING ONLY (Cont.)
For Flat Ceilings

NOTES:
1. When employing ratings for flat ceilings,

it is understood that the front louvres are
set to deflect the air upward toward the
ceiling.

2.   Blow indicates distance from outlet to the
point where the air stream is
substantially dissipated.

3.    Underblow. It is not always necessary to
blow the entire length of the room unless
there are heat load sources at that end,
equipment load, open doors, sun-glass,
etc. Considering the concentration of
room heat load on the basis of Btu/(hr)
(sq ft), the outlet blow should cover 75%
of the heat load.

4. Divergent Blow has vertical louves straight
forward in the center, with uniformly
increasing angular deflection a
maximum at each end. The 45º
divergence signifies on angular
deflection at each end of the outlet of
45º, and similarly for 22   º
divergence.

5. Velocity is based on effective face area.
6. Static Pressure is that pressure required

to produce the indicated velocities and
is measured in inches of water.

7. Measure ceiling height in the CLEAR
only. This is the distance from the floor to
the lowest ceiling beam or obstruction.

8. The Minimum Ceiling Height (table) is
the minimum ceiling height which will
give proper operation of the outlet for the
given outlet velocity, vane setting,
temperature difference, blow, and cfm.
The actual measured ceiling height must
be equal to or greater than the minimum
ceiling height for the selection made.
Preferably the top of an outlet should be
not less than twice the outlet’s height
below the minimum ceiling height.

9. Cfm / Sq ft Outlet Wall Area is the
standard for judging total room air
movement. The maximum value shown
results in an air movement in the zone of
occupancy of about 50 fpm. It is
assumed that furniture, people, etc.,
obstruct 10% of the room cross-section.
If the obstructions vary widely from 10%,
the values of the cfm / sq ft outlet wall
area should be tempered accordingly.

10. For applications requiring a limiting
sound level – the outlet velocity is limited
by the sound generated by the outlet.

1
2
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TABLE 21 – WALL OUTLET RATINGS, FOR COOLING ONLY (Cont.)
For Flat Ceilings
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NOTES:
3. When employing ratings for flat ceilings,

it is understood that the front louvres are
set to deflect the air upward toward the
ceiling.

2.  Blow indicates distance from outlet to the
point where the air stream is
substantially dissipated.

3.  Underblow. It is not always necessary to
blow the entire length of the room unless
there are heat load sources at that end,
equipment load, open doors, sun-glass,
etc. Considering the concentration of
room heat load on the basis of Btu/(hr)
(sq ft), the outlet blow should cover 75%
of the heat load.

4. Divergent Blow has vertical louves straight
forward in the center, with uniformly
increasing angular deflection a
maximum at each end. The 45º
divergence signifies on angular
deflection at each end of the outlet of
45º, and similarly for 22   º
divergence.

 5.   Velocity is based on effective face area.
10. Static Pressure is that pressure required

to produce the indicated velocities and
is measured in inches of water.

11. Measure ceiling height in the CLEAR
only. This is the distance from the floor to
the lowest ceiling beam or obstruction.

12. The Minimum Ceiling Height (table) is
the minimum ceiling height which will
give proper operation of the outlet for the
given outlet velocity, vane setting,
temperature difference, blow, and cfm.
The actual measured ceiling height must
be equal to or greater than the minimum
ceiling height for the selection made.
Preferably the top of an outlet should be
not less than twice the outlet’s height
below the minimum ceiling height.

13. Cfm  / Sq ft Outlet Wall Area is the
standard for judging total room air
movement. The maximum value shown
results in an air movement in the zone of
occupancy of about 50 fpm. It is
assumed that furniture, people, etc.,
obstruct 10% of the room cross-section.
If the obstructions vary widely from 10%,
the values of the cfm / sq ft outlet wall
area should be tempered accordingly.

10. For applications requiring a limiting
sound level – the outlet velocity is limited
by the sound generated by the outlet.

TABLE 21 – WALL OUTLET RATINGS, FOR COOLING ONLY (Cont.)
For Flat Ceilings

1
2
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TABLE 21 – WALL OUTLET RATINGS, FOR COOLING ONLY (Cont.)
For Beamed Ceilings
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TABLE 21 – WALL OUTLET RATINGS, FOR COOLING ONLY (Cont.)
For Beamed Ceilings

NOTES:

1. Divergent Blow has vertical louvres straight

forward in the center, with uniformly increasing

angular deflection to a maximum at each end.

The 45º divergence signfies an angular

deflection at each end of the outlet of 45º, and

similarly for  22        º divergence.

2. Blow indicates distance from outlet to the point

where the air stream is substantially dissipated.

3. Underblow. It is not always necessary to blow

the entire length of the room unless there are

heat load sources at that end, equipment load,

open doors, sun-glass, etc. Considering the

concentration of room heat load on the basis of

Btu / (hr)(sq ft), the outlet blow should cover 75%

of the heat load.

4. Velocity is based on effective face area.

5. Static Pressure is that pressure required to

produce the indicated velocities and is

measured in inches of water.

6. Measure ceiling height in the CLEAR only. This is

the distance from the floor to the lowest ceiling

beam or obstruction.

7. The Minimum Ceiling Height (table) is the

minimum ceiling height which will give proper

operation of the outlet for the given outlet

velocity, vane setting, temperature difference,

blow, and cfm. The actual measured ceiling

height must be equal to or greater than the

selection made. Preferably the top of an outlet

should be not less than twice the outlet’s height

below the minimum ceiling hight.

8. Cfm / Sq Ft Outlet Wall Area is the standard for

judging total room air movement. The maximum

value shown results in an air movement in the

zone of occupancy of about 50 fpm. It is

assumed that furniture, people, etc., obstruct

10% of the room cross-section. If the

obstructions vary widely from 10% the values of

the cfm / sq ft outlet wall area should be

tempered accordingly.

9. For applications requiring a limiting sound level –

the outlet velocity is limited by the sound

generated by the outlet.

1
2
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TABLE 21 – WALL OUTLET RATINGS, FOR COOLING ONLY (Cont.)
For Beamed Ceilings
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TABLE 21 – WALL OUTLET RATINGS, FOR COOLING ONLY (Cont.)
For Beamed Ceilings

NOTES:

1. Divergent Blow has vertical louvres straight

forward in the center, with uniformly increasing

angular deflection to a maximum at each end.

The 45º divergence signfies an angular

deflection at each end of the outlet of 45º, and

similarly for 22       º divergence.

10. Blow indicates distance from outlet to the point

where the air stream is substantially dissipated.

11. Underblow. It is not always necessary to blow

the entire length of the room unless there are

heat load sources at that end, equipment load,

open doors, sun-glass, etc. Considering the

concentration of room heat load on the basis of

Btu / (hr)(sq ft), the outlet blow should cover 75%

of the heat load.

12. Velocity is based on effective face area.

13. Static Pressure is that pressure required to

produce the indicated velocities and is

measured in inches of water.

14. Measure ceiling height in the CLEAR only. This is

the distance from the floor to the lowest ceiling

beam or obstruction.

15. The Minimum Ceiling Height (table) is the

minimum ceiling height which will give proper

operation of the outlet for the given outlet

velocity, vane setting, temperature difference,

blow, and cfm. The actual measured ceiling

height must be equal to or greater than the

selection made. Preferably the top of an outlet

should be not less than twice the outlet’s height

below the minimum ceiling hight.

16. Cfm / Sq Ft Outlet Wall Area is the standard for

judging total room air movement. The maximum

value shown results in an air movement in the

zone of occupancy of about 50 fpm. It is

assumed that furniture, people, etc., obstruct

10% of the room cross-section. If the

obstructions vary widely from 10% the values of

the cfm / sq ft outlet wall area should be

tempered accordingly.

17. For applications requiring a limiting sound level –

the outlet velocity is limited by the sound

generated by the outlet.

1
2
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A

Access door
construction

Accessories
apparatus, see apparatus
duct systems, see duct

Air
apparatus, see apparatus
bypass around equipment
cleaning equipment
control
dampers
duct layout
direction
distribution
blow,
direction
drop
duct velocity
induction
movement
outlet types, see outlets
rise
spread

temperature
vane performance
vane types, see vanes
velocity
table 19
duct design, see duct design
filters
friction, ducts
chart 5
chart 7
leakage
movement,
pressure, duct design
terminals, see outlets
velocity
duct design
table 7
outlet discharge
table 19
table 20
pressure
table 8

Apartments Outlet location
Apparatus

construction,

table 2
connections to masonry
seams
service
design
economic considerations
layout
location
sound considerations
equipment
access door
air bypass
air cleaning
apparatus casing
belt guard
cooling coils
drains
eliminators
fans
fan connections
fan conversion loss or gain
fan motor and drive
heating coils
insulation,
layout
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location
louver damper
chart 2
table 1
outdoor air louver
chart 1
marine lights,
relief damper
service
sprays

Architectural appearance,
duct design

Aspect ratio, duct design
chart 3
chart 4,
chart 5

B

Bank outlet location,
Belt guard
Blow,

C

Ceiling diffuser
application
approach
blow
location
noise limitations
table 20

obstructions
pressure drop
types
diffuser
pan
perforated ceiling and panels
return grille,

Ceiling return outlet
Coils

cooling, see cooling coils
heating, see heating coils

Condensation on duct
Cooling coils

service

D

Dampers
louver,
chart 2
table 1
construction
relief,
construction

Department store outlet location
Diffuser

application
ceiling
location

Drop,
air from outlet

Duct
access doors
air pressure

air velocity
table 7
classification of systems
condensation
table 4
table 5
construction, see duct
construction
design, see duct design
fire dampers
fittings, type
table 3
layout
pressure
velocity
table
velocity pressure
table 8

Duct construction
high pressure
table 15
table 16
table 17
low pressure
tables 14, 15, 16
weight of duct material
table 18

Duct design
accessories
air control
air leakage
air quantity
air velocity
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table 7
architectural appearance
aspect ratios
chart 3
chart 4
chart 5
condensation
table 4
table 5
construction (high pressure)
table 15
table 16
table 17
construction (low pressure
tables 14, 15, 16
duct diameter
table 6
economics
chart 3
chart 4
chart 5
elbow friction, rectangular
table 10
table 12
elbow friction, round
chart 9
table 9
table 11
elbow vane location
chart 6
equal friction method
table 7
table 13

equivalent round
diameter
table 6
fan conversion loss or gain
fittings
table 3
flexible metal conduit
chart 8
friction chart
chart 7
friction rate
chart 5
chart 7
heat gain or loss
chart 3
chart 14
table 5
high altitude
chart 15
high velocity duct systems
static regain
low velocity duct systems
equal friction
static regain
velocity reduction pressure
reducing duct space
static regain, high velocity
chart 12
chart 13
static regain, low velocity
charts 10, 11
take-off
take-off friction, round

chart 9
table 9
velocity
table 7
velocity pressure
table 8
velocity reduction method
weights of duct materials
table 18

Duct heat gain or loss
chart 3
chart 14
table 5

Duct layout
access doors
air control
condensation
table 4
table 5
considerations
economics
elbows
fire dampers
obstructions, pressure loss
table 10
reducing duct size
take-off s
transformations
vaned elbows
chart 6

www.HVAC-ENG.com



E

Economics
apparatus design
duct design
chart 3
chart 4
chart 5

Ejector outlet
Elbows

pressure loss, rectangular
table 10
table 12
pressure loss, round
chart 9
table 9
table 11
types,
vane spacing
chart 6

Eliminators
Equal friction method sizing ducts

table 7
table 13

Equivalent duct diameter
table 6

       F

Fan
connections

conversion loss or gains

motor and drive
Filters, see air
Fire dampers

construction
rectangular louver
rectangular pivot
round pivot

Fittings
air control
elbows,
obstructions
take-off
transformations
types and classes
table 3

Flexible metal conduit
chart 8

Floor outlets
application
location

Floor return grille
Friction chart, duct design

chart 7
Friction rate, duct design

chart 5
chart 7

G

Grille
adjustable bar
application
location

perforated
return, see return grille

H

Heat gain or loss
chart 3
chart 14
table 5

Heating coils
preheat
reheat
service
tempering

High altitude duct design
chart 15

High velocity duct design
Hotel outlet location

I

Induction outlet
application
location

L

Louver damper
construction
design
chart 2
table 11

Low velocity duct design
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M

Metal conduit, flexible
chart 8

0

Obstructions, duct design
pressure loss
table 10

Office building outlet locations
Outdoor air louver

construction
design

Outlet
adjustable bar grille
air movement
air velocity
table 19
table 20
applications
blow
ceiling
ceiling diffusers
ceiling return
drop
ejector
fixed bar grille
floor
floor return
induction
location

noise limitation
table 20
obstructions
pan
perforated ceiling and panels
perforated grille
ratings
table 21
return grille
selection
table 21
slotted
temperature differential
vanes
wall
wall return
window

P

Pan outlet
Perforated ceiling and panels
Perforated grille outlet
Preheat coils
Pressure, duct sizing

R

Reheat coils
Relief dampers

construction
Restaurant outlet locations
Return grille

ceiling

floor
location
velocity
wall

Rise, air from outlet
Room air distribution, see air

distribution

S

Slotted outlet
Sound level

apparatus
duct design
table 7
outlets
table 20

Space limitation, duct design
Sprays

service
Static regain sizing ducts

high velocity
chart 12
chart 13
low velocity
chart 10, 11

Store outlet location

T

Take-off
duct layout
pressure drop, round, 2-38
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chart 9
table 9

Temperature, outlet discharge,
Tempering coils
Theater outlet locations
Transformations, duct layout, 2-20

V
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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART THREE

 This part of the System Design Manual presents
data and examples to the engineer in practical design and layout of
normal air conditioning piping system.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

 piping design-genaral                 1

    water piping       2

         refrigerant piping       3

               steam piping       4

INDEX
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CHAPTER 1. PIPING DESIGN – GENERAL

Piping characteristics that are common to normal air
conditioning, heating and refrigeration systems are
presented in this chapter. The areas discussed include
piping material, service limitations, expansion, vibration,
fittings, valves, and pressure losses. These areas are of
prime consideration to the design engineer since they
influence the piping life, maintenance cost and first cost.

The basic concepts of fluid flow and design
information on the more specialized fields such as high
temperature water of low temperature refrigeration
systems are not included; this information is available in
other authoritative sources.

GENERAL SYSTEM DESIGN
MATERIALS

The materials most commonly used in piping
systems are the following:

1. Steel – black and galvanized
2. Wrought iron – black and galvanized
3. Copper – soft and hard

Table 1 illustrates the recommended
materials for the various services. Minimum
standards, as shown, should be maintained.
Table 2 contains the physical properties of
steel pipe and Table 3 lists the physical  of
copper tubing.
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SERVICE LIMITATIONS
    The safe working pressure and temperature for steel
pipe and copper tubing, including fittings, are limited by
the USAS codes. Check those codes when there is doubt
about the ability of pipe, tubing, or fittings to withstand
pressures and temperatures in a given installation. In
many instances cost can be reduced and over – design
eliminated. For example, if the working pressure is to be
175 psi at 250 F, a 150 psi, class A, carbon steel flange
can be safely used since it  can withstand a pressure of
225 psi at 250 F. If the code is not checked, a 300 psi
flange must be specified because the 175 si working
pressure exceeds the 150 rating of the 150 psi flange.
   The safe working pressure and temperature for
copper tubing is dependent on the strength of the fittings
and tube, the composition of the solder used for making a
joint, and  on the temperature of the fluid conveyed. Table
4 indicates recommended  service limits for copper
tubing.
EXPANSION OF PIPING
    All pipe lines which are subject to changes in
temperature changes are anticipated, piping members
capable of absorbing the resultant movement must be
included in the design. Table 5 give the thermal linear
expansion of copper tubing and steel pipe.
    There are three methods commonly used to absorb
pipe expansion and contraction:

1. Expansion loops and offsets – Chart 1 shows the
copper expansion loop dimension loop dimensions
required for expansion travels up to 8 inches Chart 2
shows the sizes of expansion loops made of steel
pipe and welding ells for expansion travels up to 8
inches.

Table 6 gives the minimum length from an elbow to
expansion – type supports required for offsets in
steel piping up to 5 inches. Expansion loop sizes
may be reduced by cold – springing them into place.
The pipe lines are cut short at about 50% of
expansion travel and the expansion loop is then
sprung into place. Thus, the loops are subject to only
one – half the stress when expanded or contracted.
2. Expansion joints – There are two types available
the slip type and the bellows type. The slip type
expansion joint has several disadvantages: (a) It
requires packing and lubrication, which dictates that
it be placed in an accessible location; (b) Guides
must be installed in the lines to prevent the pipes
from bending and binding in the joint.

 Bellows type expansion joints are very satisfactory for
short travels, but must be guided or in some other
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 way retrained to prevent collapse.
3. Flexible metal and rubber hose – Flexible hose,
to absorb expansion, is recommended for smaller
size pipe or tubing only. It is not recommended  for
larger size pipe since an excessive length is
required.
Where flexible hose is used to absorb   expansion, it
should be installed at right angles to  the motion of
the pipe.
The devices listed above are not always  necessary

to absorb expansion and contraction of piping. In fact
they can be omitted in the great majority of piping
systems by taking advantage of the changes in direction
normally required in the layout. Consider, for example, a
heat exchanger unit and a pump located 50 ft, apart.
Sufficient flexibility is normally assured by running the
piping  up to the ceiling at the pump and back down at
the heat exchanger, provided the piping is merely hung
from hangers and anchored only at the ends where it is
attached to the pump and the heat exchanger.
PIPING SUPPORTS AND ANCHORS
    All piping should be supported with hangers that can
withstand the combined weight of pipe, pipe fittings,
valves, fluid in the pipe, and the insulation. They must
also be capable of keeping the pipe in proper alignment
when necessary. Where extreme expansion or
contraction exists, roll – type hangers or saddles should
be used. The pipe supports must have a smooth, flat
bearing surface, free from burrs or other sharp
projections which would wear or cut the pipe.

The controlling factor in the spacing of supports for
horizontal pipe lines is the deflection of piping due to its
own weight, weight of the fluid, piping accessories, and
the insulation. Table 7 lists the recommended support
spacing for Schedule 40 pipe, using the listed conditions
with water as a fluid.

The support spacing for copper tubing is given in
Table 8 which includes the weight of the tubing filled with
water.

Tables 7 and 8 are for “dead level” piping. Water
and refrigerant lines are normally run level;  steam lines
are pitched. Water lines are pitched when the line must
be drained. For pitched steam pipes, refer to Table 22,
page 82, for support spacing when Schedule 40 pipe is
used.

Unless pipe lines are adequately and properly
anchored, expansion may put excessive strain on  fittings
and equipment. Anchors are located according to  job
conditions. For instance, on a tall building, i.e. 20 stories,
the risers could be anchored on the 5 th floor and on the
15 th floor with an expansion device located at the 10 th
floor. This arrangement allows the riser to expand in both
directions from the 5 th and 15 th floor, resulting in less
pipe travel at headers, whether they are located at the top
or bottom of the building or in both locations.
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On smaller buildings, i.e. 5 stories, risers are
anchored but once. Usually this is done near the header,
allowing the riser to grow in one direction only, either up
or down depending on the header location.

The main point to consider when applying pipe
support anchors and expansion joints is that expansion
takes place on a temperature change. The greater the
temperature change, the greater the expansion. The
supports. Anchors and guides are applied to restrain the
expansion in a desired direction so that trouble does not
develop because of negligent design or installation. For
example, if a take – off connection from risers or headers
is located close to floors, beams or columns as shown in
Fig. 1 , a change in temperature may cause a break in the
take – off with subsequent loss of fluid and flooding
damage. In this figure trouble develops when the riser
expands greater than dimension “X.” Proper
consideration of these items is a must when designing
piping systems.
VIBRATION ISOLATION OF PIPING SYSTEMS

The undesirable effects caused by vibration of the
piping are:

1. Physical damage to the piping, which results in
the rupture of joints. For refrigerant pipnig, loss of
refrigerant charge results.
2. Transmission of noise thru the piping itself or thru
the building construction where piping comes into
direct contact.
It is always difficult to anticipate trouble resulting from

vibration of the piping system. For this reason,
recommendations made toward minimizing  the effects of
vibration are divided into two categories:

1.Design consideration – These involve design
precautions that can prevent trouble effectively.
2.Remedies or repairs – These are necessary where
precautions are not taken initially or, in a minority of
cases, where the precautions prove to be insufficient.

Design Considerations for Vibration Isolation
1. In all piping systems vibration has an originating
source. This source is  usually a moving component
such as a water pump or a compressor. When
designing to eliminate vibration, the method of
supporting these moving components is the prime
consideration. For example:
a.The weight of the mass supporting the components

should be heavy enough to minimize the intensity of
the vibrations transmitted to the piping and to the
surrounding structure. The heavier the stabilizing
mass, the smaller the intensity of the vibration.

b.Vibration isolators can also be used to minimize the
intensity of vibration.

c. A combination of both methods may be required.
2. Piping must be laid out so that none of the lines are
subject to the push – pull action resulting from
vibration. Push – pull action resulting from vibration.
Push – pull  vibration is best dampened in torsion or
bending action.
3. The piping must be supported securely at the
proper places. The supports should have a relatively
wide bearing surface to avoid a swivel action and to
prevent cutting action on the pipe.
The support closest to the source of vibration should be
an isolation hanger and the succeeding  hangers
should have isolation sheaths as illustrated in Fig. 2,
page 8. Non – isolated hangers ( straps or rods
attached directly to the pipe ) should not be used on
piping systems with machinery having moving parts.
4. The piping must not touch any part of the building
when passing thru walls, floors, of furring. Sleeves
which contain isolation material should be used
wherever this is anticipated. Isolation hangers should
be used to suspend the piping from walls and ceilings
to prevent transmission of vibration to the building
Isolation hangers are also used where access to piping
is difficult after installation.
5. Flexible hose is often of value in absorbing
vibration on smaller sizes of pipe. Tobe effective, these
flexible connectors are  installed at right angles to the
direction of the vibration.
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Where the vibration is not limited to one plane or
direction, two flexible connectors are used and
installed at right angles to each other. The flexible
hose must not restrain the vibration machine to which
it is attached. At the opposite end of the hose or pair
of hoses, a rigid but isolated anchor is secured to the
connecting  pipe to minimize vibration.
Generally, flexible hose is not recommended in
systems subject to pressure conditions. Under
pressure they become stiff and transmit vibration in
the same manner as a straight length of pipe.
Flexible hose is not particularly efficient in absorbing
vibration on larger sizes of pipe. Efficiency is
impaired since the length – to diameter ratio must be
relatively large to obtain full flexibility from the hose.
In practice the length which can be used is often
limited, thus reducing  its flexibility.

Remedies or Repairs for Vibration Isolation After
Installation

1. Relocation of the piping supports by trial and
error tends to  dampen extraordinary pipe vibration.
This relocation allows the piping to take up the
vibration in bending and helps to correct any
vibrations which cause mechanical resonance.
2. If relocation of the pipe supports does not
eliminate the noise problem caused by vibration,
there are several possible recommendation:
a. The pipe may be isolated from the support by
means of cork, hair felt, or pipe insulation as shown in
Fig. 2.
b.  A weight may be added to the pipe before the first
fixed support as illustrated in Fig . 3 .
This weight adds mass to the pipe, reducing
vibration.
c.  Opposing isolation hangers may   be added.

FITTINGS
Elbows are responsible for a large percentage of the

pressure drop in the piping system. With equal velocities
the magnitude of this pressure drop depends upon the
sharpness of the turn. Long radius rather than short
radius elbows are recommended wherever possible.

When laying out offsets, 45  ells are recommended
over 90 ells wherever possible. See Fig . 4.

Tees  should be installed to prevent “bullheading” as
illustrated in Fig. 5. “Bullheading” causes turbulence
which adds greatly to the pressure drop and may also
introduce hammering in the line. If more than one tee is
installed in the line,  a straight length of 10 pipe diameters
between tees is recommended. This is done to reduce
unnecessary turbulence.

To facilitate erection and servicing, unions and
flanges are included in the piping system. They are
installed where equipment and piping accessories must
be removed for servicing.

The various methods of joining fittings to the piping
are described on page 12.
GENERAL PURPOSE VALVES

An important consideration in the design of the
piping system is the selection of valves that give proper
performance, long  life and low maintenance.
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The design, construction and material of the valve
determines whether or not it is suited for the particular
application. Table 9 is for quick reference in selecting a

valve for a particular application. There are six basic
valves which are commonly used in piping  systems.
These are gate, globe, check, angle, “Y” and plug cock.
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    Each valve has a definite purpose in the control of
fluids in the system.

Before discussing the various valve types, the
construction details that are similar in all of the valves are
presented. These construction details are made available
to familiarize the engineer with the various aspects of
valve selection.
VALVE CONSTRUCTION DETAILS
Bonnet and Body Connections

The bonnet and body connections are normally made
in five different designs, namely threaded, union, bolted,
welded and pressure – seal. Each design has its own
particular use and advantage.

1. Threaded bonnets are recommended for low
pressure service. They should not be used in a
piping system where there may be frequent
dismantling and reassembly of the valve, or where
vibration, shock, and other server conditions may
strain and distort the valve body. Threaded bonnets
are economical and very compact. Fig . 6 illustrates
a threaded or screwed – in bonnet and body
connection in an angle valve.
2. Union bonnet and body constructions illustrated
in  Fig. 7.This type of bonnet is normally not made in
size above 2 in. because it would require an
extremely large  wrench to dismantle. A union bonnet
connection makes a sturdy, tight joint and in easily
dismantled and reassembled.

3. Bolted bonnets are used on practically all large
size valves; they are also available for small sizes.
This type of joint is readily taken apart of
reassembled. The bolted bonnet is practical for high
working pressure and is of rugged, sturdy
construction. Fig . 8 is a gate valve illustrating a
typical bolted bonnet and body valve construction.
4. Welded bonnets are used on small size steel
valves only, and then usually for high pressure, high
temperature steam service ( Fig. 9 ) . Welded bonnet
construction is difficult to dismantle and reassemble.
For the reason these valves are not available in larger
sizes.
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5. Pressure – seal bonnets are for high temperature
steam. Fig. 10 illustrates a pressure – seal bonnet
and body construction used on a gate valve. Internal
pressure keeps the bonnet joint tight. This type of
bonnet construction simplifies “making” and
“breaking” the bonnet joint in large high pressure
valves.

In most applications the type of stem operation does
not affect fluid control. However, stem construction may
be important where the need for indication of valve
position is required  or where head room is critical. There
are four types of stem construction: rising stem with
outside screw ; rising stem with inside screw ; non – rising
stem with inside screw ; and sliding stem ( quick
opening).

1. Rising stem with outside screw is shown in Fig .
8 . The gate valve illustrated in this figure has the
stem threads outside of the valve body in both the
open and closed position. Stem threads are ,
therefore, Rising
2. stem with inside screw is probably the most
common type found in the smaller size valves. This
type of stem is illustrated in an angle valve in Fig. 6 ,
and in a globe valve in Fig. 7 . The stem turns and
rises on threads inside the valve body. The position
of the stem also indicates position of the valve disc.
The stem extends beyond the bonnet when the valve
is open and, therefore, requires more headroom. In
addition it is subject to damage.
3. Non – rising stem with inside screw is generally
used on gate valves. It is undesirable for use with
fluids that may corrode or erode the threads since
the stem is tin the path of flow. Fig. 11 shows a gate
valve that has a non – rising stem with the threads
inside the valve body. The  non – rising stem feature
makes the valve ideally suited to applications where
headroom is limited. Also, the stem cannot be easily
damaged. The valve disc position is not indicated
with this stem.
4. Sliding stem ( quick opening ) is useful where
quick opening and closing is desirable. A lever and
sliding stem is used which is used which is suitable
for both manual or power operation as illustrated in
Fig. 12 . The handwheel and stem threads are
eliminated.

Valve stem operation
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Pipe Ends and Valve Connections
It is important to specify the proper end connection

for valves and fittings. There are six standard methods of
joints available. These are screwed, welded, brazed,
soldered, flared, and flanged ends, and are described in
the following: 

1. Screwed ends are widely used and are suited for
all pressures. To remove screwed end valves

and fittings from the line, extra  fittings (unions) are
required to avoid dismantling a considerable portion
of the piping. Screwed end connections are normally
confined to smaller  pipe sizes since it is more
difficult to make up the screwed joint on large pipe
sizes. Fig. 7 is a globe valve with screwed ends that
connect to pipe or other fittings.
2. Welded ends are available for steel pipe, fittings
, and valves. They are used widely for all fitting
connections, but for valves they are used mainly for
high temperature and high pressure services. They
are also used where a tight, leak – proof connection
is required over a long period of time. The welded
ends are available in two designs,  butt weld or
socket weld. Butt weld valves and fittings come in all
sizes; socket weld ends are usually limited to the
smaller size valves and fittings. Fig. 10 illustrates a
gate valve with ends suitable for welding.
3. Brazed ends are designed for brazing alloys.
This type of joint is similar to the solder joint but can
withstand higher temperature service because of the
higher melting point of the brazing alloy. Brazing
joints are used principally on brass valves and
fittings.
4. Soldered ends for valve and fitting are restricted
to copper pipe and also for low pressure service. The
use of type of joint for high temperature service is
limited because of the low melting point of the solder.
5. lared end connections for valves and fittings are
commonly used on metal and plastic tubing. This
type of connection is limited to pipe sizes up to 2 in.
Flared connections have the advantage of being
easily removed form the piping system at any time.
6. Flanged ends are higher in first cost than any of
the other end connections. The installation cost is
also greater because companion flanges, gaskets,
nuts and bolts must be provided and installed.
Flanged end connections, although made in small
sizes, are generally used in larger size piping
because they are easy to assemble and take down. It
is very important to have matching flange facing for
valves and fittings. Some of the common flange
facings are plain face, raised face, male and female
joint, tongue and groove joint, and a ring joint. Flange
facings should never be mixed in making up a joint.
Fig . 8 illustrates a gate valve with a flanged end.
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GATE VALVES
A gate valve is intended for use as a stop valve. It

gives the best service when used in the fully open or
closed position. Figures 8 and 10 thru 14 are typical gate
valves commonly used in piping practice.

An important feature of the gate valve is that there is
less  obstruction and turbulence within the valve and ,
therefore, a correspondingly lower pressure drop than
other valves. With the valve wide open, the wedge or disc
is lifted entirely out of the  fluid stream, thus providing a
straigth flow area thru the valve.
Disc Construction

Gate valves should not be used for throttling flow
except in an emergency. They are not designed for this
type of service and consequently it is difficult to control
flow with any degree of accuracy. Vibration and
chattering of the disc occurs when the valve is used for
throttling. This results in damage to the seating surface.
Also, the lower edge of the disc may be subject to severe
wire  drawing effects. The wedge of disc in the gate valve
is available in several forms: solid wedge, split wedge ,
flexible wedge, and double disc parallel seat. These are
described in the following:

1.Solid wedge disc is the most common type. It has a
strong, simple design and only one part. This type of disc
is

1. shown in Figs. 8 and 11 . It can be installed in
any position without danger of jamming or misalignment
of parts. It is satisfactory for all types of service except
where the possibility of extreme temperature changes
exist. Under this condition it is subject to sticking.

2. Split wedge disc is designed to prevent sticking,
but it is subject to undesirable vibration intensity. Fig . 13
is a typical illustration of this type of disc.

3. Flexible wedge disc construction is illustrated in
Fig. 10 . of disc is primarily used for high temperature,
high pressure application and where extreme
temperature changes are likely to occur. It is solid in the
center portion and flexible around the outer edge. This
design helps to eliminate sticking and permits the disc to
open easily under all conditions.

4. Double disc parallel seat ( Fig. 14 ) has an
internal wedge between parallel discs. Wedge action
damage at the seats is minimized and transferred to the
internal wedge where reasonable wear does not prevent
tight closure.

The parallel sliding motion of the discs tends to clean the
seating surfaces and prevents foreign material from
being wedged between disc and seat.
Since the discs are loosely supported except when
wedged closed, this design is subject to vibration of the
disc assembly parts when partially open.

FIG.13 – SPLIT WEDGE DISC (GATE  VALVE)
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When used in steam service, the closed valve may
trap steam between the discs where it condenses
and creates a vacuum. This may result in leakage at
the valve seats.

GLOBE, ANGLE AND “ Y ” VALVES
These three valves are of thee same basic design,

use and construction. They are  primarily intended for
throttling service and give close regulation of flow. The
method of valve seating reduces wire drawing and seat
erosion which is prevalent in gate valves when used for
throttling service.

The angle or “Y” valve pattern is recommended for
full flow service since it has a substantially lower pressure
drop at this condition than the globe valve. Another
advantage of the angle valve is that it can be located to
replace an elbow, thus eliminating one fitting.

Fig. 7 , page 10 , is a typical illustration of a globe
valve, and Fig. 6 . page 10 , shows an angle valve. The
“Y” valve is illustrated in Fig. 15.

Globe, angle and “Y” valves can be opened or
closed substantially faster than a gate valve because of
the shorter lift of the disc.  When the valves are to be
operated frequently of continuously , the globe valve
provides the more convenient operation. The seating
surfaces of the globe, angle or  “Y”  valve are less subject
to wear and the discs and seats are more easily replaced
than on the gate valve.
Disc Construction

There are several different disc and seating
arrangements for globe, angle and  “Y”  valves, each of
which has its own use and advantage. The different types
are plug disc, narrow seat  ( or conventional disc ) ,
needle valve, and composition disc.
1. The plug disc has a wide bearing surface on a long,

tapered disc and matching seat. This type of
construction offers the greatest resistance to the
cutting effects of dirt, scale and other foreign matter.
The plug type disc is ideal for the toughest flow
control service such as throttling, drip and drain
lines, blow – off , and boiler feed lines, It is available
in a wide variety of pressure temperature ranges. Fig
7 , page 10 , shows a plug disc seating arrangement
in a globe valve.

2. Narrow seat ( or conventional disc ) is illustrated in an
angle valve in Fig . 6 . This type of disc does not
resist wire drawing or erosion in closely throttled high
velocity flow. It is also subject to erosion from hard
particles. The narrow seat disc design is not
applicable for close throttling.

3 Needle valves, sometimes referred to as expansion
valves, are designed to give fine control of flow in
small diameter piping. The disc is normally an
integral part of the stem and has a sharp point which
fits into the reduced area seat opening. Fig . 16 is an
angle valve with  a needle type seating arrangement.

4 Composition disc is adaptable to many services by
simply changing the material of the disc. It has the
advantage of being able to seat tight with less power
than the metal type discs . It is  also less likely to be
damaged by dirt or foreign material than the metal
disc. A composition disc is suitable to all moderate
pressure services but not for close regulation and
throttling. Fig. 15 shows a composition disc in a  “Y”
valve. This type ;of seating design is also illustrated
in Fig . 19 in a swing check valve and in Fig . 20 in a
lift check valve.

.

.
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PLUG COCKS
Plug cocks are primarily used for balancing in a

piping system not subject to frequent changes in flow.
They are normally less expensive than globe type valves
and the setting cannot be tampered with as easily as a
globe valve.

Plug cocks have approximately the same line loss as
a gate valve when in the fully open position. When
partially closed for balancing, thus line loss increases
substantially. Fig. 17 is a lubricated type plug valve.
REFRIGERANT VALVES

Refrigerant  valves are back – seating globe valves of
either the packed or diaphragm packless type. The
packed valves are available with either a hand wheel or a
wing type seal cap. The wing type seal cap is preferable
since it provides the safety of an additional seal.

Where frequent operation of the valve is required, the
diaphragm  packless type is used. The diaphragm acts
as a seal and is illustrated in the  “Y”
valve construction in Fig. 18 . The refrigerant valve is
available in sizes up to 15 / 8 in OD. For larger sizes the
seal cap type packed valve is used.
CHECK VALVES

There are two basic designs of check valves, the
swing check and the lift check.

The swing  check valve may be used in a horizontal
or a vertical line for upward flow. A typical swing check
valve is illustrated in Fig. 19 . The flow thru the swing
check is in a straight line and without restriction at the
seat. Swing checks are generally used in combination
with gate valves.

The lift check operates in a manner similar to that of
aglobe valve and, like the globe valve, its flow is
restricted as illustrated in Fig. 20 . The disc is seated by
backflow or by gravity when there is no flow, and is free to
rise and fall, depending on the pressure under it. The lift
check should only be installed in horizontal pipe lines and
usually in combination with globe, angle and  “Y”  valves.
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SPECIAL SERVICE VALVES
There are several types of valves commonly used in

different piping applications that do not necessarily fall
into the classification of general purpose valves.
Expansion, relief, and solenoid valves are some of the
more common special purpose valves.

A relief valve is held closed by a spring or some the
line or container pressure in excess of its setting. In
general a relief valve should be installed wherever there
is any danger of the fluid prissure rising above the design
working pressure of the pipe fittings or pressure vessels.

VALVE AND FITTING PRESSURE LOSSES
To properly design any type of piping system

conveying a fluid, the losses thru the valves and fittings in
system must be realistically evaluated. Tables have been
prepared for determining these losses in terms of
equivalent length of pipe. These values are then used
with the correct friction chart for the particular fluid
flowing thru the system.

Table 10 gives valve losses with screwed, flanged,
flared, welded, soldered, of brazed connections.

Table 11 gives fitting losses with screwed, flanged,
flared, welded, soldered, of brazed connections.

Table 12 lists the losses for special types of fittings
sometimes encountered in piping applications.
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CHAPTER 2. WATER PIPING

This chapter presents the principles and
currently accepted design techniques for water
piping systems used in air conditioning
applications. It also includes the various piping
arrangements for air conditioning equipment and
the standard a accessories found in most water
piping systems.

The principles and techniques described are
applicable to chilled water and hot water heating
systems. General piping principles and techniques
are described in Chapter 1.

WATER PIPING SYSTEMS
Once – Thru and Recirculating

The water piping systems discussed here are
divided into once – thru  and recirulating types. In a
once – thru system water passes thru the
equipment  only once and discharged. In a
recirculainng system water is not discharged, but
flows in repeating circuit from the heat exchanger
to the refrigeration equipment and back to the heat
exchanger.
Open and Closed

The recirculating system may be classified as
open or closed. An open system is one in which the
water  flows into a reservoir open to the
atmosphere; cooling towers, air washers and
collecting tanks are examples of reservoirs open to
the atmosphere. A closed system is one in which
the flow of water is not exposed to the atmosphere
at any point. This system usually contains an
expansion tank that is open to the atmosphere but
the water area exposed is insignificant
Water Return Arrangements

The recirculating system is further classified
according to water return arrangements. When two
or more units of a closed system are piped
together, one of the following piping arrangements
may be used:

1. Reverse return piping.
2. Reverse return header with direct return

risers.
3. Direct return piping
If the units have the same or nearly the same

pressure drop thru them, one of the reverse return

methods of piping is recommended. However , if the units have
different pressure drops or require balancing valves, then it is
usually more economical to use a direct return.

Reverse return piping is recommended for most closed
piping applications. It is often the most economical design on
new construction. The length of the water circuit thru the supply
and return piping is a same for all units. Since the water circuits
are equal for each unit, the major advantage of a reverse return
system is that it seldom requires balancing. Fig. 21 is a
schematim sketch of this system with units piped horizontally
and vertically.

There are installations where it is both inconvenient and
economically unsound to use a complete reverse return after
piping system. This sometimes exists in a building where the
first  floor has previously been air conditioned. To avoid
distrubing  the first floor occupants, reverse return headers are
located at the top of the building and direct return risers  to the
units are used. Fig . 522 illustrates a reverse return header and
direct return riser piping system.

In this system the flow rate is not equal for all units on a
direct return riser.  The difference in flow rate depends on the
design pressure drop of the supply and return riser. This
difference can be reduced  to practical limits. The pressure
drop across the riser includes the following:  ( 1 )  the loss thru
the supply and return runouts from the unit, ( 2 ) the loss thru
the unit itself, and ( 3 ) the loss thru the fittings and valves.
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Excessive unbalance in the direct supply and
return portion of the piping system may dictate the
need for balancing valves or orifices.

To eliminate balancing valves, design the
supply and return pressure drop equal to one –
fourth the sum of the pressure drops of the
precedign Items 1 , 2 and 3.

Direct return piping is necessary for open
piping  systems and is recommended for some
closed piping systems. A reverse return
arrangement on an open system requires piping
that is normally unnecessary, since the same
atmospheric conditions exist at all open points of
the system. A direct return is recommended for a
closed recirculating system where all the units
require balancing valves and have different

pressure drops. Several fan  -  coin units piped together and
requiring different water flow rates, capacities and pressure
drops is an example of this type of system.

The direct return piping system is inherently unbalanced
and requires balancing valves or orifices, and provisions to
measure the pressure drop in order to meter the water flow.
Although material costs are lower in this system than in the two
reverse return systems,  engineering cost and balancing time
often offset this advantage. Fig. 23 illustrates units piped
vertically and horizontally to a direct return.
CODES AND REGULATIONS

All applicable codes and regulations should be checked to
determine acceptable piping practice for the  particular
application. Sometimes these codes and regulations dictate
piping design, limit the pressure, or qualify the selection of
materials and equipment.
WATER CONDITIONING

Normally all water piping systems must have adequate
treatment to portect the various components against corrosion,
scale, slime and algae. Water treatment should always be
under the supervision of a water conditioning specialist.
Periodic inspection of the water is required to maintain suitable
quality. Part 5  of this manual contains a discussion of the
various aspects of water conditioning including cause, effect
and remedies for corrosion, scale, slime and algae.
WATER PIPING DESIGN

There is a friction loss in any pipe thru which water is
flowing. This loss depends on the following factors:

1. Water velocity        3     Interior surface roughness
2. Pipe diameter        4     Pipe length
System pressure has no effect on the head loss of the

equipment in the system. However, higher than normal system
pressures may dictate the use of heavier pipe, fittings and
valves along with specially designed equipment.

To properly design a water piping system, the engineer
must evaluate not only the pipe friction loss but the loss thru
valves, fittings and other equipment. In addition to these friction
losses, the use of diversity in reducing the water quantity and
pipe size is to be considered in designing the water piping
system.
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PIPE FRICTION LOSS
The pipe friction loss in a system depends on

water velocity, pipe diameter, interior surface
roughness and pipe length. Varying any one of
these factors influences the total friction loss in the
pipe.

Most air conditioning applications use either
steel pipe or copper tubing in the piping system.
The  friction loss based on the Darcy – Weisbach
formula is presented in Charts 3 thru 5 in this
chapter.

Charts 3 and 4 are for Schedule 40 pipe up to
24 in. in diameter . Chart  3 shows the friction
losses for closed recirculation piping systems. The
friction losses in Chart  4 are for open onec – thru
and for open recirculation piping systems.

Chart 5 shows friction losses for Types K, L
and M copper tubing when used in either open or
closed water systems.

These charts show water velocity, pipe or tube
diameter, and water quantity, in addition to the
friction rate per 100 ft of equivalent pipe length.
Knowing any two of these factors, the other two can
be easily determined from the chart. The effect of
inside roughness of the pipe or tube is sonsidered
in all these values.

The water quantity is determined from the air 
conditioning load and the water velocity by 
predetermined recommendations. These two 
factors are  used to establish pipe size and friction 
rate.

Charts 3 thru 5 are shaded to indicate
velocities above 15 fps and friction rates above 10
ft per 100 ft of length. It is normally good practice
not to exceed  these values.
Water Velocity

The velocities recommended for water piping
depend on two conditions:

1. The service for which the pipe is to be
used.

2. The effects of erosion.
Table 13 lists recommended velocity ranges

for different services. The design of the water
piping system is limited by the maximum
permissible flow velocity. The  maximum values
listed in Table 13 are based on established
permissible sound levels of moving water and
entrained air, and the effects of erosion.

Erosion in water piping systems is the
impingement on the inside surface of tube or pipe
of rapidly moving water containing air bubbles,
sand or other solid matter. In some cases this may

mean complete deterioration of the tube or pipe walls ,
particularly on the bottom surface and at the elbows.

Since erosion is a function of time, water velocity, and
suspended materials in the water, the selection of a design
water velocity is a matter of judgment. The maximum water
velocities presented in Table 14 are based on many years of
experience and they insure the attainment of optimum
equipment life under normal conditions.
Friction Rate

The design of  a water piping system is limited by the
friction loss. Systems using city water must have the piping
sized so as to provide the required flow rate at a pressure loss
within the pressure available at the city main This pressure or
friction loss is to include all losses in the system. As condenser
pressure drop, pipe and fitting losses, static head, and water
meter drop. The total system pressure drop must be less than
the city main pressure to have design water flow.

A recirculating system is sized to provide a reasonable
balance between increased pumping horsepower due to high
friction loss and increased piping first cost due to large pipe
sizes. In large air conditioning applications this balance point is
often taken as a maximum friction rate of 10 ft of water per 100
ft of equivalent pipe length.

In the average air conditioning application the installed cost
of the water piping exceeds the cost of the water pumps and
motors. The cost of increasing the pipe size of small pipe to
reduce the friction rate is normally not  too great, whereas the
installed cost increase rapidly when the size of large pipe
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(approximately 4 in. and larger) is increased.
Smaller pipes can be economically sized at lower
friction rate ( increasing the pipe size ) than the
larger pipes. In most applications economic
considerations dictate that larger pipe be sized for
higher flow rates and pressure drops than smaller
pipe which is sized for lower pressure drops and
flow rates.

Exceptions to this general guide often occur.
For example, appearance or physical limitations
may dictate the use of small pipes. This is often
done for short runs where the total pressure drop is
not greatly influenced.

Each system should be analyzed separately to
determine the economic balance between first cost
( pipe size, pump and motor ) and operating cost (
pressure drop, pump and motor ) .
Pipe Length

To determine the friction loss in a water piping
system, the engineer must calculate the straight
lengths of pipe and evaluate the additional
equivalent lengths of pipe due to fittings, valves
and other elements in the piping system. Tables 10
, 11 and 12 give the additional equivalent lengths
of pipe for these various components. The straight
length of pipe is measured to the centerline of all
fittings and valves ( fig . 24 ) . The equivalent
length of the components must be added to this
straight length of pipe.
WATER PIPING DIVERSITY

When the air conditioning load is determined
for each exposure of a building, it is assumed that
the  exposure is at peak load. Since the sun load is
at a maximum on one exposure at a time, not all of
the units on all the exposures require maximum
water flow at the same time to handle the cooling
load. Units on the same exposure normally require
maximum flow at the same time; units on the
adjoining or opposite exposures do not. Therefore ,
if the individual units are automatically controlled to
vary the water quantity, the system water quantity
actually required during normal operation is less
than the total water quantity required for the peak
design conditions for all the exposures. Good
engineering design dictates that the water piping
and the pump be sized for this reduced water
quantity.

Fig.24-Pipe Length Measurement

The principle of  diversity allows the engineer to evaluate
and calculate the reduced water quantity. In all water piping
systems two conditions must be satisfied before diversity can
be applied:

1. The water flow to the units must be automatically
controlled to compensate for varying loads.

2. Diversity may only be applied to piping that supplies
units on more than one exposure.

Figure 25 is a typical illustration of a header layout to which
diversity may be applied. In this illustration  the header piping
supplies all four exposures. Assuming that the units supplied
are automatically controlled, diversity is applied to the west,
south and east exposures only. The last leg or exposure is
never reduced in water quantity or pipe size since it requires full
flow at some time during operation to meet design conditions.

Fig . 25 – Header  Piping
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Figure 26 illustrates another layout where 
diversity may be used to reduce pipe size and 
pump capacity. In this illustration diversity may be 
applied to the vertical supply and return headers 
and also to  the supply and return branch headers 
at each floor. Diversity is not applied to pipe 
section 7 – 8  of both the supply and return vertical 
headers. In addition the south leg of the return 
piping and the west leg of the supply piping on 
each floor must be full size.

In any water piping system with automatically
controlled units, the water requirements and pump
head pressure varies. This is true whether or not
diversity is applied. However the water

requirements and pump head vary considerably more in a
system in which diversity is not considered.

In a system in which diversity is not applied, greater
emphasis is required for pump controls to  prevent excessive
noise being create by throttling valves or excessive water
velocities. In addition, since the system never requires the full
water quantity for which it is designed, the pump must be either
throttled continuously, or bypassed, or reduced in size.

It is good practice, therefore, to take advantage of diversity
to reduce the pipe size and pump capacity . Chart 6 gives the
diversity factors which are used in water piping design .
zllustrates the use of Chart 6 .

Example 1 – Diversity Factors for Water Piping Headers
Given:

Water piping layout as illustrated in Fig . 27 .
Find:
1. Diversity factor to be applied to the water quantity.
2. Water quantities in header sections.

       Solution:
1. Pump A supplies north and west exposure but diversity
can be applied to north exposure only. The total gpm in
pump A circuit is 280 gpm and the accumulated gpm in the
north exposure is 160 gpm. The ratio of accumulated gmp
to the total water quantity in circuit is:

160   =    .57
                          280
Enter Chart  6 at the ratio .57 and read the diversity factor .785.
Pump B circuit has a ratio for the east exposure of :

120   =   .43
                                      280
Entering Chart 6 at the ratio of  .43,  the diversity factor is read
as .725

2.    The following table illustrates how the diversity factors
are applied to the maximum water quantities to obtain the
design water quantities.

FIG.26-HORIZONTAL WATER PIPING LAYOUT
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In Example 1 pump  “A”  is a selected for 220
gpm and pump  “B”  is selected for 203 gpm. The
pipe sizes in the north and east exposures are
reduced using the design gpm, whereas the pipes
in the south and west exposures are selected full
size.

Example 2 and 3 illustrate the economics
involved when applying diversity. Example 2 shows
a typical header layout with one pump serving all
four exposures. The header is sized without
diversity.

Example 3 is the same piping layout but
diversity is used to size the header.

CHART 6-DIVERSITY FACTORS

FIG. 27- SUPPLY WATER HEADER
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Example 2 – Sizing Header Using No Diversity
Given:

A building with a closed recirculation water
piping system water piping system using a
horizontal header and vertical risers as
illustrated in Fig . 28.
Maximum flow to each riser – 20 gpm
Schedule 40 pipe and fittings.
Elbows, R / D – I

    Expected length of operation – 6000 hours

Find:
1. Design header water velocity
2. Water quantity for pump selection
3. Header pipe size and pump friction  head

Solution:
1. Design water velocity for sizing the headers is
determined from Table 13 and 14
Maximum water velocity – 7 fps
2. Maximum water quantity required when no diversity is
applied is 360 gpm. Pump is selected for 360  gp,.
3. The table below gives the header pipe sizes and pump
friction head when no diversity is applied.

Example 3 -  Sizing Header Using Diversity
Given:
    Same piping layout as in Example 2 and Fig . 28.
   Maximum flow to each riser – 20 gpm
    Schedule 40 pipe and fittings
    Elbows, R / D = 1
    Expected length of operation – 6000 hours
    Maximum design velocity  -  7 fps ( Example 2 )
Find:

1. Diversity factor for each exposure
2. Design gpm for each header section
3. Water quantity for pump selection
4. Header pipe size andf pump friction head

          FIG 28 –SUPPLY HEADER  PIPE SIZING
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Solution:
1. Chart 6 is used with the ratio of
accumulated gpm in the exposure to the total
pump gpm, in order to determine the diversity
factors. The following table illustrates the
method of determining diversity factors. ( First
exposure listed is always first exposure served
by pump. )

2. The diversity factor found in Step 1 is
applied to the maximum water quantity in each
header section to establish the design gpm for
sizing the header. The table at right gives the
design water quantity for the various header
sections.
3. The design water quantity required for
pump selection when diversity is applied is 240
pgm.
4. The design water quantity found in Step 2
is used in sizing the header pipe and in
establishing the pump friction head. The table
below illustrates the header pipe sizing:
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Examples 2 and 3 indicate that the following
reductions in pipe and fitting size can be made
when diversity is used:

1. 57 ft of 5 in . pipe replaced with 4 in. pipe.
2. 28 ft of 4 in . pipe replaced with 3 in . pipe.
3. 8 fittings reduced 1 size.
In addition the pump can be selected for 240

gpm instead of 360 gpm which is approximately a
1 / 3  reduction.  Other areas where a reduction in
size is possible are:

1. Pipe and fittings in the return piping
header.
2. Valves, unions, couplings, strainers and
other elements located in the supply and return
headers.

PUMP SELECTION
Pumps are selected so that there is no

sustained rise in pressure when the water flow is
throttled.  Systems having considerable throttling
have the pump selected on the flat portion of the
“head-versus-flow”  curve.

Normally, new installed pipe has less than
design friction and, therefore, the pump delivers
greater gpm than design and requires more
horsepower.  For this reason a centrifugal pump is
always selected for the calculated pump head
without the addition of safety factors.  If the pump is
selected for the calculated head plus safety
factors, the pump must handle a larger water
quantity. When this occurs and provision is not
made to throttle or bypass the excess water flow,
the possibility of pump motor overload exists.

Again, if the pump is selected for maximum
water quantity and diversity is not applied, the
water flow must be throttled. This increases the
pump head.
SYSTEM ACCESSORIES AND LAYOUT

This section discusses the function and
selection of piping accessories and describes
piping layout techniques for coils, condensers,
coolers, air washers, cooling towers, pumps and
expansion tanks.
ACCESSORIE
Expansion Tanks

An expansion tank is used to maintain system
pressure by allowing the water to expand when the
water temperature increases, and by providing a
method of adding water to the system. It is normally
required in a closed system but not in an open
system: the reservoir in an open system acts as the
expansion tank.

The open and closed expansion tanks are the two types
used in water piping systems. Open expansion tanks are open
to the atmosphere and are located on the suction side of the
pump above the highest unit in the system. At this location the
tank provides atmospheric pressure at or above the pump due
to the expansion tank must be greater than the friction drop of
the water in the pipe from the expansion line connection to
pump suction. In fig. 29 the static head AB must be greater
than the friction loss in line AC. Adding any accessories such
as a strainer in line AC increases the friction drop in AC and
results in raising the height of the expansion tank. To keep the
height of the tank at a reasonable level, accessories should be
placed at points 1 and 2 in Fig. 29. At these designations the
friction loss in line AC is not affected.

The following procedure may be used to determine the
capacity of an open expansion tank:

1. Calculate the volume of water in the piping, from
Tables 2 and 3, pages 2 and 3, .
2. Calculate the volume of water in the coils and heat
exchangers.
3. Determine the percent increase in the volume of water
due to operating at increased temperatures from Table 15.
4. Expansion tank capacity is equal to the percent
increase from Table 15 times the total volume of water in
the system.
The closed expansion tank is used for small or residential

hot water heating systems and for high temperature water
systems. Closed expansion tanks are not open to the
atmosphere and operate above atmospheric pressure.
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Air vents must be installed in the system to vent the
air. Closed expansion tanks are located on the
pump suction side of the system to permit the
pump suction to operate at or near constant
pressure. Locating the expansion tank at the pump
discharge is usually not satisfactory. All pressure
changes caused by pump operation are subtracted
from the original static pressure. If the pressure
drop below the original static is great enough, the
system pressure may drop to the boiling point,
causing unstable water circulation and possible
pump cavitation. If the system pressure drops
below atmospheric, air sucked in at the air vents
can collect in pockets and stop water circulation.

The capacity of a closed expansion tank is
larger than an open expansion tank operating
under the same conditions. ASME has
standardized the calculation of the capacity of
closed expansion tanks. The capacity depends on
whether the system is operating above or below
160 F water temperature.

Water temperatures below 160 F use the
following formula to determine the tank capacity:

Where:
Vt      =  minimum capacity of the tank (gallons).
E    =  percent increase in the volume of water in

the system (Table 15).
V8    =  total volume of water in the system (gallons).
Pa     =  pressure in the expansion tank when water

first enters, usually atmospheric pressure
(feet of water absolute).

P f  =  initial fill or minimum pressure at the
expansion tank (feet of water absolute).

 P0  =  maximum operating pressure at the
expansion tank (feet of water absolute).

When the system water temperature is between 160 and
280 F, the following equation is used to determine the
expansion tank capacity:

Where t = maximum average operating temp (F).
Strainers

The primary function of a strainer is to protect the
equipment. Normally strainers are placed in the line at the inlet
to pumps, control valves or other types of equipment that
should be protected against damage. The strainer is selected
for the design capacity of the system at the point where it is to
be inserted in the line. Strainers for pump protection should be
not less than 40 mesh and be made of bronze. On equipment
other than pumps the manufacturer should be contacted to
determine the degree of strainer protection necessary. For
example, a control valve needs greater protection than a pump
and, therefore, requires a  finer mesh strainer.
Thermometers and Gages

Thermometers and gages are required in the system
wherever the design engineer considers it important to know
the water temperatures and pressures are usually considered
essential:

1. Water temperature entering and leaving the cooler and
condenser.
2. Pump suction and discharge pressure.
3. Spray water temperature and pressure entering the air
washer.
Water thermometers are usually selected for an

approximate range of 30 F to 200  F ; they should be  equipped
with separable wells and located where  they can be easily
read.

Pressure gages  are selected so that the normal reading of
the gage is near the midpoint of the pressure scale.

Air Vents
Air venting is an important aspect in the design of any

water system. The major portion of the air is normally vented
thru the open expansion tank.

Air vents should be installed in the high points of water
system which cannot vent back to the  open expansion tank.
Systems using a closed expansion tank require vents at all high
points. Runoff drains should be provided at each vent to carry
possible water leakage to a suitable drain ling.

Vt =
E X VsPa      Pa

Pf      Po

(0.00041 t – 0.0466) VsVt = Pa      Pa
Pf      Po
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PIPING LAYOUT
Each installation has its own problems

regarding location of equipment, interference with
structural members, water and drain locations, and
provision for service and replacement. The
following guides are presented to familiarize the
engineer with accepted piping practice:

1. Shut–off valves are installed in the entering
and leaving piping to equipment. These are
normally gate valves. This arrangement permits
servicing or replacing the equipment without
draining the entire system.  Occasionally a
globe valve is installed in the system to serve
as one of the shut – off valves and in addition
is used to balance water flow. Most often it is
located at the pump discharge. In a close
coupled system the shut – off valves may be
omitted if the time and expense required to
drain the system is not excessive. This is a
matter of economics, the first cost of the valves
versus the cost of new water treatment and
time spent in draining the system.
2. Systems using screwed, welded or
soldered joints require unions to permit
removal of the  equipment for servicing or
replacement. If gate valves are used to isolate
the equipment in the system, unions are
placed between the equipment and each gate
valve. Unions are also located before and after
control valves, and in the branch of a three –
way control valve. It is good practice to locate
the control valve between the equipment and
the gate valve used to shut off flow to the
equipment. This permits removal of the control
valve from the system without draining the
system. By locating the control valve properly,
it is possible to eliminate the unions required
for removal of the equipment. If the system
uses flanged valves and fittings, the need for
unions is eliminated.
3. Strainers, thermometers and gages are
normally locate between the equipment and
the gate valves used to shut off the water flow
to the equipment.
The following piping diagrams are illustrated

with screwed connections. However, flanged,
welded or soldered connections may be used.
These layouts have been simplified to show various
principles involved in piping practice.
Water Coils

Figures 30 thru 36 illustrate typical piping layouts for
chilled water coils in a closed piping system.

The coil layout illustrated in Fig . 30 contains a three – way
mixing valve. This valve, located at the cooling coil outlet,
maintains a desired temperature by proportioning automatically
the amount of water flowing thru the coil or thru the bypass. It is
regulated by a temperature controller. Gage cocks are usually
installed in both the supply and return lines to the coil. This
permits pressure gages to be connected to determine pressure
drop thru the coil. The plug cock is manually adjusted to set the
pressure drop thru the coil.

Figure 31 illustrates an alternate method of piping a water
coil. The plug cock shown is used to adjust manually the water
flow for a set pressure drop thru the coil. The pressure drop is
determined by connecting pressure gages to the gage cocks.
In this piping layout control of the leaving air temperature from
the coin is maintained wihtin a required range since normally
the entering water is controlled to a set temperature. Often an
air bypass around the coil is used to maintain final air
temperature.

Figure 32 illustrates a multiple coil arrangement. Piping
connections for drain and vent lines for the coil are included
and should be ½ in . nominal pipe size. The same principles
covered in Figs. 30 and 31 are applicable to multiple coil
arrangements.

A globe valve may be substituted for the plug cock and
valve combination in the return lines in figs. 30 , 31 and 32 . In
this arrangement the globe valve is used to balance the
pressure drop thru the coil, and also to shut off the water when
servicing is required. However, it has disadvantages that
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should be considered. First, the valve setting is not
fixed and, therefore, can be changed accidentally;
secondly, the valve must be reset whenever it is
used to shut off the flow.

Capped tees are provided on coils as a means
of blowing out the water when the system is
drained for freeze protection.

The use of a  gate valve with a hose bib should
be considered in the dirt leg when floor drains are
remote in relation to the unit. The bib makes it
possible to connect a hose to the dirt leg for
draining the coil. The dirt leg has a 7 / 8 in. nominal
minimum diameter, should be approximately  18 in.
long and be located at an accessible servicing
point. A gate valve is preferred in the dirt leg
because sediment passes thru it more freely than
thru a globe valve.

Figure 33 illustrates multiple coil units piped
with vertical risers. This is a common approach to
air conditioning multi – story buildings. The units
are connected to common supply and return risers
which pass thru the floors of the building. A dirt leg
is required at the bottom of each riser as shown in
Fig . 33 .

Gate valves are recommended as illustrated to
permit servicing without disturbing the remainder of
the system. On very small systems these valves
may be omitted.

FIG.31 – CHILLED WATER PIPING FOR COILS
                  (MANUAL CONTROL) FIG.33- PIPING LAYOUT FOR VERTICAL

MULTIPLE COILS
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Figures 34 , 35 and 36 show typical piping
layouts for multiple units in a horizontal. The
principle difference in the three systems is the
number of shut – off valves (gate) and take offs
from the header. Since the header is located under
the floor. Therefore, it is a matter of economics to
determine the number of shut – off valves required
for servicing. Fig . 35 shows the minimum number
of valves that may be used, and fig. 36 shows
valves at each unit.
Cooler

A typical chilled water piping diagram for a
water cooler is illustrated in Fig . 37 .

In a close coupled system most of the gate
valves can be omitted. If they are omitted, all of the
water is drained from the system thru the drain
valve when a component requires servicing. In an
extensive piping system the gate valves are used
to isolate the equipment requiring servicing or
replacement.

Figure 37 illustrates the recommended water
piping and accessories associated with a cooler.

Condenser
Figure 38 shows a water – cooled condenser using city,

well or river water. The return is run higher than the condenser
so that the condenser always full of water. Water flow thru the
condenser is modulated by the control valve in the supply line.

Figure 39 is an illustration of an alternate drain arrangement
for a condenser discharging waste water. Drain connections of
all types must be checked for compliance with local codes.
Codes usually require that a check valve be installed in the
supply line when city water is used.

Figure 40 illustrates a condenser piped up with a cooling
tower. If the cooling tower and condenser are close coupled,
most of the gate valves can be eliminated. If the piping system
is extensive, the gate valves as shown are recommended for
isolating the equipment when servicing.

When more than one condenser is to be used in the same
circuit, the flow thru the condensers must be equalized as
closely as possible. This is complicated by the following:
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1. The pressure drops thru the condensers are not
always equal.
2. Water entering the branch line and leaving the run of
tees seldom divides equally.
3. Workmanship in the installation can affect the pressure
drop.
To equalize the water flow thru each condenser, the pipe

should be sized as follows:

FIG.39 –ALTERNATE DRAIN CONNECTION

FIG.38- CONDENSER PIPING FOR A ONCE – THRU
SYSTEM
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1 Size the branches for a water flow of 6 fts
minimum. The branch connections to each
condenser should be indentical.
2 Size the header for the total required water
quantity for all the condensers with a velocity
of not more than 3 fps. The header is extended
approximately 12 in . beyond the last branch to
the condenser.
3 Size the water main supplying the header
for a velocity of 5 to 10 fps with 7 fps a good
average. The water main may enter the header
at the end or at any point along the length of
the header. Care should be used so that
crosses do not result.
4 Size the return branches, header and main
in the same manner as the supply.
5 Install a single water regulating valve in
the main, rather than separate valves in the
branches to the condenser ( Fig . 41 )

Cooling Tower
Figure 40 illustrates a cooling tower and

condenser piped together. Since the cooling tower

is an open piece of equipment, this is an open piping system. If
the condenser and cooling tower are on the same level, a small
suction head for the pump exists. The strainer should be
installed on the discharge side of the pump to keep the suction
side of the pump as close to atmospheric as possible.

It is often desirable to maintain a constant water
temperature to the condenser. This is done by installing a
bypass around the cooling tower. When the condenser is at the
same level or above the cooling tower. When the condenser is
at the same level or above the cooling tower, a three-way
diverting valve is recommended in the bypass section (Fig. 42).

A three-way mixing valve is not recommended since it is on
the pump suction side, and tends to create vacuum conditions
rather than maintain atmospheric pressures.

Figure 43 illustrates the bypass layout when the condenser
is below the level of the cooling tower. This particular piping
diagram uses a two-way automatic control valve in the bypass
line. The friction drop thru the bypass is sized for the
unbalanced static head in the cooling tower with maximum
water flow thru the bypass.

FIG.40- CONDENSER  PIPING FOR A COOLING TOWER
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FIG. 42 COOLING TOWER PIPING FOR CONSTANT

LEAVING WATER TEMPERA TURE

(CONDENSER AND TOWER AT SAME LEVEL)
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If multiple cooling towers are to be connected, it is
recommended that piping be designed such that
the loss from the tower to the pump suction is
approximately equal for each tower. Fig. 44
illustrates typical layouts for multiple cooling
towers.

Equalizing lines are used to maintain the same
water level in each tower.
Air Washer

The water piping layout for an air washer used
for humidifying is presented in Fig. 45. When the
pump and air washer are on the same level, there
is usually a small suction head available for the
pump. There is usually a small suction head
available for the pump. Therefore, if a strainer is
required in the line, it should be located on the
discharge side of the pump. Normally air washers
have a permanent type screen at the suction
connection to the washer to remove large size
foreign matter.

The drain line is connected to an open-size
drain similar to those illustrated in Fig. 38 and 39.
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The drain arrangement should always be checked for
compliance to local codes

The piping layout shows a shell and tune heater for the
spray water. Occasionally heat is added by a steam ejector
instead of by a normal heater.

Chilled water is required if the sprays are to accomplish
dehumidification. Figures 46 and 47 illustrate two typical
methods of connecting the chilled water supply. The plug cock
in both diagrams is adjusted so that full flow thru the three-way
diverting valve (Fig. 46 ) and thru the automatic control valve
(fig. 47) is approximately 90% of the recirculating water design
quantity.

Figures 48 and 49 are schematic sketches of multiple air
washers with gravity returns piped to the same header.
Sprayed Coil

A typical layout for a sprayed coil piping system is shown in
fig. 50. The diagram shows a water heater which may be
required for humidification. If a preheat coil is used , the water
heater may be eliminated.

The drain line should be fitted with a gate valve rather than
a globe valve since it is less likely to become clogged with
sediment.
Pump Piping

The following items illustrated in Fig. 51 should be kept in

FIG.50 – SPRAY WATER COIL WITH WATER HEATER
FIG.49 –AIR WASHER RTURN CONNECTIONS AT THE

SAME LEVEL
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mind when designing piping for a pump:
1. Keep the suction pipe short and direct.
2. Increase the suction pipe size to at least
one size larger than the pump inlet connection.
3. Keep the suction pipe free from
airpockets.
4. Use an eccentric type reducer at the
pump suction nozzle to prevent air pockets in
the suction line.

5. Never install a horizontal elbow at he pump inlet. Any
horizontal elbow in the suction line should be at a lower
elevation than the pump inlet nozzle. Where possible, a
vertical elbow should lead into a pipe reducer at the pump
inlet.
If multiple pumps are to be interconnected to the same

header, piping connections are made as illustrated in Fig. 52.
This method allows each pump to handle the same water
quantity. Under partial load conditions and at reduced water
flow or when one pump is out of the line, the pumps still handle
equal water quantities.

Figure 53 illustrates two methods of locating pressure
gages and the other uses one. The use of one gage has the
advantage of always giving the correct pressure differential
across the pump. Two gages may give an incorrect pressure
differential if one or both are reading high or low.

A pulsating damper located before the pressure gage is
shown in Fig.53.  This is an inexpensive device for dampening
pressure pulsations.The same result can be obtained by using
a pigtail in the line as shown in the diagram.
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Expansion Tank Piping
Figure 54 is a suggested piping layout for an

open expansion tank. Piping is enlarged at the
connection to the expansion tank. This permits air
entrained or carried along with the water to
separate and be vented thru the tank. The
expansion tank should be located at the pump
suction side at the highest point in the system.

Valves, strainers and traps must be omitted
from the expansion line since these may be
accidentally turned off of become plugged.

Figure 55 illustrates the piping diagram for a
closed tank.
Drain Line Piping

Moisture that forms on the cooling coils must
be collected and carried off as waste. On factory
fabricated fan-coil units a drain pan is used to
collect this moisture. For built-up systems the floor
or base of the system (before and after the cooling
coil) is used to gather the moisture.

Since, under operating conditions. The drain
water is subject to pressure conditions slightly
above or slightly below atmospheric pressure, the

line used to carry off this water must be trapped. This trap
prevents conditioned air from entering the drain line when the
drain water is under positive pressure as in a blow-thru fan-coil
unit. When the system is under negative pressure as in a draw-
thru unit, the trap prevents water from hanging up in the drain
pan.

Figure 56 illustrates the trapping of a drain line from the
drain pan. The length of the water seal or trap depends on the
magnitude of the positive or negative pressure on the drain
water. For instance, a 2-inch negative fan pressure requires a 2-
inch water seal.

Normally, under-the-window fan-coil units have the drip pan
subject to atmospheric conditions only and the drain line from
these units is not trapped.

The drain line run out for all systems is pitched to offset the
line friction. For a single unit the runout is piped to an open site
drain. Local codes and regulations must be checked to
determine proper piping practice for an open site drain. The
runout is run full size corresponding to the drain pan connection
size.
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Some applications have multiple units with the
drain lines connected to a common header or riser.
To size the header or riser, the amount of moisture
that is expected to form must be determined. This
moisture and the available head is used to
determine the pipe size from the friction chart for
open piping systems. However, in no instance is

the header or riser sized smaller than the drain pan connection
size. Also, as required in all water flow systems, pockets and
traps in the risers and mains must be vented to prevent water
hangup.

Each system should be investigated to determine the need
for drainage fittings and cleanouts for traps. These are
necessary when considerable sediment may occur in the drain
pan.
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       CHAPTER 3     REFRIGERANT   PIPING

GENERAL SYSTEM DESIGN
This chapter includes that practical material required

for the design and layout of a refrigerant piping system at
air conditioning temperature levels, using either
Refrigerant 12, 22 500 or 502.
APPLICATION CONSIDERATIONS

A refrigerant piping system requires the same
general design considerations as any fluid flow system.
However, there are additional factors that critically
influence system design:

1. The system must be designed for minimum
pressure drop since pressure losses decrease the
thermal capacity and increase the power requirement
in a refrigeration system.
2. The fluid being piped changes in state as it
circulates.
3. Since lubricating oil is miscible with Refrigerants
12, 22, 500 and 502, some provision must be made
to:
a. Minimize the accumulation of liquid refrigerant in
the compressor crankcase.
b. Return oil to the compressor at the same rate at
which it leaves.
Piping practices which accomplish these objectives

are discussed in the following pages.
CODE REGULATIONS

System design should conform to all codes, laws and
regulations applying at the site of an installation.

In addition the Safety Code for Mechanical
Refrigeration (USAA-B9.1) and the Code for Refrigeration
Piping (USAS-B31.5) are primarily drawn up as guides to
safe practice and should also be adhered to. These two
codes, as they apply to refrigeration, are almost identical,
and are the basis of most municipal and state codes.
REFRIGERANT PIPING DESIGN
DESIGN PRINCIPLES

Objectives
Refrigerant piping systems must be designed to

accomplish the following:
1. Insure proper feed to evaporators.
2. Provide practical line sizes without excessive
pressure drop.
3. Protect compressors by –

a. Preventing excessive lubricating oil from being
trapped in the system.
b. Minimizing the loss of lubricating oil from the
compressor at all times.
c. Preventing liquid refrigerant from entering the
compressor during operation and shutdown.

Friction Loss and Oil Return
In sizing refrigerant lines it is necessary to consider

the optimum size with respect to economics, friction loss
and oil return. From a cost standpoint it is desirable to
select the line size as small as possible. Care must be
taken, however, to select a line size that does not cause
excessive suction and discharge line pressure drop since
this may result in loss of compressor capacity and
excessive hp/ton. Too small a line size may also cause
excessive liquid line pressure drop. This can result in
flashing of liquid refrigerant which causes faulty
expansion valve operation.

The effect of excessive suction and bot gas line
pressure drop on compressor capacity and horse power
is illustrated in Table 16.

Pressure drop is kept to a minimum by optimum
sizing of the lines with respect to economics, making sure
that refrigerant line velocities are sufficient to entrain and
carry oil along at all loading conditions. 

For Refrigerants 12, 22, 500 and 502, consider the
requirements for oil return up vertical risers.

Pressure drop in liquid lines is not as critical as in
suction and discharge lines. However, the pressure drop
should not be so excessive as to cause gas formation in
the liquid line or insufficient liquid pressure at the liquid
feed device. A system should normally be designed so
that the pressure drop in the liquid line is not greater than
one to two degrees change in saturation temperature. In
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terms of pressure drop, this corresponds to about 1.8 to
3.8 psi for R-12, 2.9 to 6 psi for R-22, 2.2 to 4.6 psi for
R-500 and 3.1 to 6.3 psi for R-502.

Friction pressure drop in the liquid line includes
accessories such as solenoid valve, strainer, drier and
hand valves, as well as the actual pipe and fittings from
the receiver outlet to the refrigerant feed device at the
evaporator.

Pressure drop in the suction line means a loss in
system capacity because it forces the compressor to
operate at a lower suction pressure to maintain the
desired evaporator temperature. Standard practice is to
size the suction line for a pressure drop of approximately
two degrees charge in saturation temperature. In terms of
pressure loss at 40 F suction temperature, this
corresponds to about 1.8 psi for R-12, 2.9 psi for R-22,
2.2 psi for R-500, and 3.1 psi for R-502.

Where a reduction in pipe size is necessary to
provide sufficient gas velocity to entrain oil upward in
vertical risers at partial loads, a greater pressure drop is
imposed at full load. To keep the total pressure drop
within the desired limit, excessive riser loss can be offset
by properly sizing the horizontal and “down” lines.

It is important to minimize the pressure loss in hot
gas lines because these losses can increase the
required compressor horsepower and decrease the
compressor capacity. It is usual practice not to exceed a
pressure drop corresponding to one to two degrees
change in saturation temperature. This is equal to about
1.8 to 3.8 psi for R  - 12  ,  2.9 to  6 psi for R – 22 , 2.2 to
4.6 psi for R – 500, and 3.1 to 6.3 psi for R – 502.
REFRIGERANT PIPE SIZING

Charts 7 thru 21 are used to select the proper steel
pipe and copper tubing size for the refrigeration lines.
They are based on the Darcy – Weisbach formula :
               h         =    f x  L  x  V2

                              D     2g
Where h =  loss of head in feet of fluid

f =   friction factor
L =   length of pipe in feet
D =   diameter of pipe in feet
V =   velocity in fps
g =  acceleration of gravity = 32.17 ft /sec/sec

The friction factor depends on the roughness of pipe
surface and the Reynolds number of the fluid. In this case
the Reynolds number and the Moody chart are used to
determine the friction factor.
Use of Pipe Sizing Charts

The following procedure for sizing refrigerant piping
is recommended:

1. Measure the length ( in feet ) of straight pipe.

2. Add 50 % to obtain a trail total equivalent length.
3. If other than a rated friction loss is desired,
multiply the total equivalent length by the correction
factor from the table following the appropriate pipe or
tubing size chart.
4. If necessary, correct for suction and condensing
temperatures.
5. Read pipe size from Charts 7 thru 21 to
determine size of fittings.
6. Find equivalent length ( in feet ) of fittings and
hand valves from Chapter 1 and add to the length of
straight pipe ( step 1 )  to obtain the total equivalent
length.
7. Correct as in Steps 3 and 4 of necessary.
8. Check Pipe size.
In some cases,  particularly in liquid and suction

lines, it may be necessary to find the actual pressure
drop. To do this, use the procedure described in Steps 9
thru 11 :

9. Convert the friction drop ( F from Step 3 ) to psi,
using refrigerant tables or the tables in Part 4 .
10. Find the pressure drop thru automatic valves
and accessories from manufacturers’ catalogs. If
these are given in equivalent feet, change to psi by
multiplying by the ratio:

                                 Step(9)
                                 Step(6)

11. Add Steps 9 and 10.
In systems in which automatic valves and

accessories may create a relatively high pressure drop,
the line size can be increased to minimize their effect on
the system.
Example 1 – Use of Pipe Sizing Charts
Given:

Refrigerant 12 system
Load – 46 tons
Equivalent length of piping – 65 ft
Saturated suction – 30 F
Condensing temperature – 100 F , of subcooling
Type L copper tubing

Find:
Suction line size for pressure drop     corresponding
to 2 F.
Actual pressure drop in terms of degrees F for size
selected.

Solution:
See Chart 7.
1. Line size for 40 F saturated suction and 105 F

condensing temperature are shown on Chart 7 .
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Determine the correction factor for a 30 F suction
temperature of 1.18 from table in note following
Chart 9.

2. Determine adjusted tons to be used in Chart 7
by multiplying correction factor in Step 1 by load
in tons:

   1.18 x 46 = 55 tons
3. Enter Chart 7 and project upward from 55 tons,

to the O o F subcooling line of a 25/8 in OD pipe
size, then to a 31/8 in. OD pipe size. At 25/8 in.
OD, a 2 F drop is obtained with 34 ft of pipe; at
31/8 in. OD a 2 F drop is obtained with 80 ft of
pipe. Select a 31/8 in. OD pipe to obtain less than
a 2 F drop.

4. Use the following equation to determine actual
pressure drop in terms of degrees F in the 31/8 in. OD
pipe with a 46 ton load:

Actual pressure drop

LIQUID LINE DESIGN
Refrigeration oil is sufficiently miscible with these

refrigerants in the liquid phase to insure adequate mixing
and oil return. Therefore low liquid velocities and traps in
liquid lines do not pose oil return problems.

The amount of liquid line pressure drop which can be
tolerated is dependent on the number of degrees
subcooling of the liquid. Usually this amounts to 5 F to 15
F as the liquid leaves the condenser. Liquid lines should
not be sized for more than a F drop under normal
circumstances. In addition, liquid lines passing thru
extremely warm spaces should be insulated.
Friction Drop and Static Head

With an appreciable friction drop and / or a static
head due to elevation of the liquid metering device above
the condenser, It may be necessary to resort to some
additional means of  liquid subcooling to prevent flashing
in the liquid line. Increasing the liquid line pipe size
minimizes pipe friction and flashing due to friction drop.

In large systems where the cost is warranted, a liquid
pump may be used to overcome static head.

An arrangement shown in Fig. 57 illustrate a  method
which may be used to overcome the effect of excessive
flash gas caused by a high static head in the system. This
arrangement does not prevent the forming of flash gas,
but does offset the effect it might have on the operation of
the evaporator and valves.

Liquid Subcooling
Where liquid subcooling is required, it is usually

accomplished by one or both of the following
arrangements:

1. A liquid suction heat interchanger ( heat
dissipates internally to suction gas).

2. Liquid subcooling coils in evaporative con-
densers and air – cooled condensers (heat
dissipates externally to atmosphere).

The amount of liquid subcooling required may be
determined by use of a nomograhp, Chart 22 or by
calculation. The following examples illustrate both
methods.
Example 2 – Liquid Subcooling From Nomograph
Given:
      Refrigerant 12 system
      Condensing temperature - 100 F (131.6 psia)

Liquid line pressure drop (incl. liquid lift) 29.9 psiFind:
Amount of liquid subcooling in degrees F required to
prevent flashing of liquid refrigerant.

Solution:
Use Chart 22.
1. Determine pressure at expansion valve:

131.6 – 29.9 = 101.7 psia
2. Draw line from point A (100 F cond temp) to

point B (101.7 psia at expansion valve).
3. Draw line from point C ( intersection of AB with

line Z) thru point D (0% flash gas) to point E
(intersection of CD with liquid subcooling line)>

4. Liquid subcooling at point E = 18 F. Liquid
subcooling required to prevent liquid flashing = 18 F.

= equivalent ft of pipe
piping allowed for 2 F drop X 2 F

65
80= X 2 = 1.6 F
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Example 3 – Liquid Subcooling by Calculation
Given:
      Refrigerant 12 system
      Condensing temperature – 100 F
      Liquid lift – 35 ft
      Piping friction loss – 3 psi
      Losses thru valves and accessories – 7.4 psi
Find:

Amount of liquid subcooling required to prevent flashing of
liquid refrigerant.

Solution:
1 Pressure loss due to pipe friction = 3.0 pis

Pressure loss due to valves and accessories = 7.4 pis

Pressure loss due to 35 ft liquid lift = 35/1.8* = 195.5   pis
Total pressure loss in liquid line                        = 29.9 pis

2 Condensing pressure at 100 F = 116.9 psig
Pressure loss in liquid line = 29.9     psi
Net pressure at liquid feed valve = 87 psig

3 Saturation temperature at 87 psig = 82 F
(from refrigerant property tables)

4 Subcooling required
= condensing temp – saturation temp at 87 psig
= 100 – 82 = 18F
Liquid subcooling required to prevent liquid flashing = 18 F.

.* At normal liquid temperatures the static pressure loss due to elevation
at the top of a liquid lift is one psi for every 1.8 ft of Refrigerant 12,
2.0 ft of Refrigerant 22, and 2.1 ft of Refrigerant 500.
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Sizing of Condenser to Receiver Lines(Condensate
Lines)

Liquid line piping from a condenser to a receiver is
run out horizontally (same size as the condenser outlet
connection) to allow for drainage of the condenser. It is
then dropped vertically a sufficient distance to allow a
liquid head in the line to overcome line friction losses.
Additional head is required for coil condensers where the
receiver is vented to the inlet of the coil. This additional
head is equivalent to the pressure drop across the
condenser coil. The condenser line is than run
horizontally to the receiver.

Table 17 shows recommended sizes of the
condensate line between the bottom of the liquid leg and
the receiver.
SUCTION LINE DESING

Suction lines are the most critical from a design
standpoint. The suction line must be designed to return
oil from the evaporator to the compressor under minimum
load conditions.

Oil which leaves the compressor and readily passes
thru the liquid supply lines to the evaporators is almost
completely separated from the refrigerant vapor. In the
evaporator a distillation process occurs and continues
until an equilibrium point is reached. The result is a
mixture of oil and refrigerant rich in liquid refrigerant.
Therefore the mixture which is separated from the
refrigerant vapor can be returned to the compressor only
by entrainment with the returning gas.

Oil entranment with the return gas in a horizontal line
is readily accomplished with normal design velocities.
Therefor horizontal lines can and should be run “ dead “
level.
Suction risers

Most refrigeration piping systems contain a suction
riser. Oil circulating in the system can be returned up the
riser only by entrainment with the returning gas. Oil
returning up a riser creeps up the inner surface of the
pipe. Whether the oil moves up the inner surface is
dependent upon the mass velocity of the gas at the wall
surface. The larger the pipe diameter, the greater the
velocity required at the center of the pipe to maintain a
given velocity at the wall surface.

Table 18 Shows the minimum tonnages required to
insure oil return in upward flow suction risers.

Vertical risers should, therefore, be given special
analysis and should be sized for velocities that assure oil
return at minimum load. A riser selected on this basis may
be smaller in diameter than its branch or than the suction

main proper and, there fore, a relatively higher pressure
drop may occur in the riser.

This penalty should be taken into account in finding
the total suction line pressure drop. The horizontal lines
should be sized to keep the total pressure drop within
practical limits.

Because modern compressors have capacity
reduction features, it is often difficult to maintain the gas
velocities required to return oil upward in vertical suction
risers. When the suction riser is sized to permit oil return
at the minimum operating capacity of the system, the
pressure drop in this portion of the line may be too great
when operating at full load. If a correctly sized suction
riser imposes too great a pressure drop at full load, a
double suction riser should be used ( Fig . 58 ) .
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Double Suction Risers
There are applications in which single suction risers

may be sized for oil return at minimum load without
serious penalty at design load. Where single
compressors with capacity control are used, minimum
capacity corresponds to the compressor capacity at its
minimum displacement. The maximum to minimum
displacement ratio is usually three or four one, depending
on compressor size.

The compressor capacity  at minimum displacement
should be taken at an arbitrary figure of approximately 20
F below the design suction temperature and 90 F liquid
temperature and not the design suction temperature for
air conditioning applications.

Where multiple compressors are interconnected and
controlled so that one or more may shut down while
another continues to operate, the ratio of maximum to
minimum displacement becomes much greater. In this

case a double suction riser may be necessary for good
operating economy at design load. The sizing and
operation of a double suction riser is described  as
follows:

1. In Fig. 58 the minimum load riser indicated by A
is sized so that it returns oil at the minimum possible
load.
2. The second riser B which is usually larger than
riser A is sized so that the parallel pressure drop thru
both risers at full load is satisfactory, providing this
assures oil return at full load.
3. A trap is introduced between the two risers as
shown in Fig. 58. During partial load operation when
the gas velocity is not sufficient to return oil through
both risers, the trap gradually fills with oil until the
second riser B is sealed off. When this occurs, the
gas travels up riser A only and has enough velocity to
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carry oil along with it back into the horizontal suction
main.
The fittings at the bottom of the riser must be close

coupled so that the oil holding capacity of the trap is
limited to a minimum. If this is not done, the trap can
accumulate enough oil on partial load operation to
seriously lower the compressor crankcase oil level. Also,
larger slug – backs of oil to the compressor occur when
the trap clears out on increased load operation . Fig. 58
shows that the larger riser B forms an inverted loop and
enters the horizontal suction line form the top. The
purpose of this loop is to prevent oil drainage into this
riser which may be “ idle “ during partial load operation.
Example 4 – Determaination of Riser Size – ( Single
Riser )
Given:
     Refrigerant 502 system
     Refrigeration load – 20.0 tons
     Condensing temperature – 105 F, 15 F subcooling
     Suction temperature – 0˚ F, 15 F superheat

Minimum load – 4 tons
(One of four cylinders operating at – 20 F sst,
15 F superheat, 90 F liquid temperature.)

     Type L copper tubing
     Height of riser -10 ft (see Fig. 58 A for general

arrangement )
     Allowable pressure drop in suction line is 2 F
Find:
     Size of riser
     Suction line pressure drop

Solution:
1. Estimated total equivalent length equals 11/2

times the actual lineal length. 1 . 5 x 70 = 105 ft.
From Chart 10, a 25/8 in line will carry 20 tons for
165 ft at a pressure drop of 2 F with 15 F
subcooling.

2. The actual equivalent length of the suction line is
determined in two parts, as follows:
a. Riser section at evaporator – 10 ft plus one

25/8 in.ell at 4.1 ft. = 14.1 ft.

b. Balance of suction line system 60 ft plus
seven 2 5/8 in ells at 4.1 ft = 88.7 fttotal
equivalent length = 102.8 ft.

3. From Table 18, R – 502, the minimum load for
returning oil up a 2 5/8 in riser at - 20 F suction is
6.6 x 1.00 = 6.6 tons. This is greater than the
minimum load. Thus, the riser must be sized at
21/8 in . Which will return oil down to 3.8 x 1.00 =
3.8 tons.

4. Determine if the 21/8 in. riser is adequate to carry
full load at 0º F suction wihtout exceeding the
specified pressure drop. The equivalent length of
the riser is : 10  ft + one 21/8  in. ell at 3.3 ft =
13.3 ft. From chat 10 , the 21/8 in. riser will carry
20 tons for 58 ft at a pressure drop of 2 F. The
loss in the riser for 13.3 ft:

 The loss in the balance of the suction line:

The total loss = .46 + 1.07 = 1.53 F which is within
the 2 F specified.

Example 4 A – Determination of Riser Size – ( Double
Riser )
Given:
     Refrigerant 12 system
     Refrigeration load – 98.5 tons
     Condensing temperature – 105 F, no  subcooling
     Suction temperature – 40 F, 15 F superheat
     Minimum load – 7.0 tons

(Two of 16 cylinders operating at 20 F SST,
15 F superheat, 105 F liquid temperature.)

     Type L Copper tubing
     Height of riser – 10 ft (See Fig. 58 A for general

arrangement)
     Allowable pressure drop in suction line is 2 F
Find:
     Size of Riser
     Suction line pressure drop
Solution:

1. Estimated total equivalent length equals 11/2
times the actual lineal length 1.5 x 70  = 105 ft.
From Chart 7, a 41/8 in. line will carry 98.5 tons
for 110 ft at a pressure drop of 2 F with no
subcooling.

2. The actual equivalent length of the suction line
equals 70 ft plus eight 41/8 in. ells at 6.7 ft =
123.6 ft. This is greater than 110 ft which gives a
2 F loss for the 41/8 in. size. Therefore, select a

13.3 ft
58.0 ft X 2 F = .46 F=

88.7 ft
165  ft X 2 F = 1.07 F=
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51/8 in. line which will carry 98.5 tons for 340 ft at
a pressure drop 2 F.

3. The actual equivalent length of the suction line is
determined in two parts, as follows:
a. Riser section at evaporator – 10 ft  + one

51/8 in. ell at 8.2 ft = 18.2 ft.
b. Balance of suction line system – 60 ft +

seven 51/8 in. ell at 8.2 ft = 117.4 ft. Total
equivalent length = 135.6 ft.

4. From Table 18, R –12, a 21/8 in. riser will return
oil when carrying 5.1 x .925 = 4.7 tons at 20 F
suction temperature.

5. Determine if the 21/8 in. riser is adequate to carry
full load at 40 F suction with out exceeding the
specified pressure drop. The equivalent length of
the riser is 10 ft + one 21/8 in. ell at 3.3 ft = 13.3
ft. The pressure drop in the balance of the
suction line is :

The pressure drop allowed for the riser is then 2 F -
.69 F or 1.31 F. The chart equivalent length of a 21/8
in. line having a pressure drop or 1.31 F is:

x 13.3 ft = 20 ft

Chart 7 at 20 ft shows the a 21/8 in. line is only
capable of carrying 42 tons. Thus a Second riser
is necessary.

6. Fig. 58B illustrates a recommended arrangement
of double suction risers. Riser A size would be
the 21/8 in. selected in Step 4. Riser B must be
sized by a “cut and try“ method. As a first trail,
size Riser B one size smaller than the selected
suction line of 41/8 in. Equivalent lengths for
Risers A and B are as follows:

Riser A

Equivalent pipe lengths
One 2 1/8  in. ell                                             3.3
One 2 1/8 in.branch tee                               10.0
One 5 1/8 in.reducing tee                            13.0
Actual pipe length                                      13.0
Total eguivalent length                               39.3 ft

Riser B
Equivalent pipe lengths
Three4 1/8 in. ells                                         20.1
One 5 1/8 in. reducing tee                           12.0
One 4 1/8 in. branch tee                              21.0
One 4 1/8 in. “U”                                          17.0
Actual pipe length                                      13.0
Total equivalent length                                83.1 ft
Pressure drop available for the riser is 1.31 F from Step 5.
For Riser A, the chart equivalent length of a 21/8 in. line is:

x 39.3 ft  =  60.0 ft

For Riser B, the chart equivalent length of a 41/8 in. line is:
                       X 83.1 ft = 127.0 ft

From Chart 7, the 21/8 in. line is capable of carrying 23
tons and the 41/8 in. line is capable of carrying 92 tons.
The combined capacity is 115 tons , which is acceptable.
Riser pressure drop is equal to :
                         x  1.31 F  =  1.12 F

Total pressure drop  =  1.12 F  + .69 F = 1.81 F
DISCHARGE ( HOT GAS ) LINE DESIGN

The hot gas line should be sized for a practical
pressure drop. The effect of pressure drop is shown in
Table 16 , page 43.
Discharge Risers

Even though a low loss is desired in the hot gas line,
the line should be sized so that refrigerant gas velocities
are able to carry along entrained oil. In the usual
application this is not a problem, However, where multiple
compressors are used with capacity control, hot gas
risers must be sized to carry oil at minimum loading;

Table 19 shows the minimum tonnages required to
insure oil return in upward flow discharge risers. Friction
drop in the risers in degrees F per 100 ft equivalent
length is also included.

117.4 ft
  340  ft X 2 F = .69 F

2 F
1.31 F

2 F
1.31 F

2 F
1.31 F

98.5 tons
115 tons
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Double Discharge Risers
Sometimes in installations of multiple compressors

having capacity control a vertical hot gas line sized to
entrain oil at minimum load has an excessive pressure
drop at maximum load. In such a case a double gas riser
may be used in the same manner as it is used in suction
line. Fig. 59 shows the double riser principle applied to a
hot  gas line.

Sizing of double hot gas risers is made in the same
manner as double suction risers described earlier.
REFRIGERANT CHARGE

Table 20 is used to determine the piping system
refrigerant charge required. The system charge should
be equal to the sum of the charges in the refrigerant lines,
compressor, evaporator, condenser and receiver
(minimum operation charge).
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REFRIGERANT PIPING LAYOUT
EVAPORATORS
Suction line loops

Evaporator suction lines should be laid out to
accomplish the following objectives:

1. Prevent liquid refrigerant from draining into the
compressor during shutdown.
2. Prevent oil in an active evaporator from draining
into an idle evaporator.
This can be done by using piping loops in the  lines

connection the evaporator, the compressor and the
condenser. Standard arrangements of suction line loops
based on standard piping practices are illustrated in Fig.
60.

Figure 60a shows the compressor located below a
single evaporator. An inverted loop rising to the top of the
evaporator should be made in the suction line to prevent
liquid refrigerant from draining into the compressor during
shutdown.

A single evaporator below the compressor is
illustrated in Fig. 60 b. The inverted loop in the suction
line is unnecessary since the evaporator traps all liquid
refrigerant.

Figure 60c shown multiple evaporators on different
floor levels with the compressor below. Each individual
suction line should be looped to the top of the evaporator
before being connected into the suction main to prevent
liquid from draining into the compressor during shutdown.

Figure 60d illustrates multiple evaporators stacked
on the same floor level or may represent a two circuit
single coil  operated from one liquid solenoid valve with
the compressor located below the evaporator. In this
arrangement it is possible to use one loop to serve the
purpose.

Where coil banks on the same floor level have
separate liquid solenoid valves feeding each coil, a
separate suction riser is required from each coil, similar to
the arrangements in Fig. 60c and 60e for best oil return
performance. Where separate suction risers are not
possible, use the arrangement shown in Fig. 60f.

Figure 60g shows multiple evaporators located on
the same level and the compressor located below the
evaporators. Each suction line is brought upward and
looped into the top of the common suction line. The
alternate arrangement shows individual suction lines out
of each evaporator dropping down into a common
suction header which then rises in a single loop to the top
of the coils before going down to the compressor. An
alternate arrangement is shown in Fig. 60h for cases
where the compressor is above the evaporator.

When automatic compressor pump down
 control is used, evaporators are automatically kept free
of liquid by the pumpdown operation and, therefore,

evaporators located above the compressor can be free-
draining to the compressor without protective loops.

The small trap shown in the suction lines immediately
after the coil suction outlet is recommended to prevent
erratic operation of the thermal expansion valve. The
expansion valve bulb is located in the suction line
between the coil and the trap. The trap drains the liquid
from under the expansion valve bulb during compressor
shutdown. Thus preventing erratic operation of the valve
hen the compressor starts up again. A trap is required
only when straight runs or risers are encountered in the
suction line leaving the coil outlet. A trap is not required
when the suction line from the coil outlet drops to the
compressor or suction header immediately after the
expansion valve bulb.

Suction lines should be designed so that oil from an
active evaporator does not drain into an idle one. Fig 60e
shows multiple evaporators on different floor levels and
the compressor above the evaporators. Each suction line
is brought upward and looped into the top of the common
suction line if its size is equal to the main. Otherwise it
may be brought into the side of the main. The loop
prevents oil from draining down into either coil that may
be inactive.

Figure 60f shows multiple evaporators stacked with
the compressor above the evaporators. Oil is prevented
from draining into the lowest evaporator because the
common suction line drops below the outlet of the lowest
evaporator before entering the suction riser.

If evaporators must be located both above and below
a common suction line. The lines are piped as illustrated
in Figs. 60a and 60b, with (a) piping for the evaporator
above the common suction line and (b) piping for the
evaporator below the common suction line.
Multiple Circuit Coils

All but the smallest coils are arranged with multiple
circuits. The length and number of circuits are
determined by the type of application. Multiple circuit
coils are supplied with refrigerant thru a distributor which
regulates the refrigerant distribution evenly among the
circuits. Direct expansion coils can be located in any
position, provided proper refrigerant distribution and
continuous oil removal facilities are provided.

In general the suction line piping principles shown in
fig.60 should be employed to assure proper expansion
valve operation, oil return and compressor protection.

Figure 61 and 62 show direct expansion air coil
piping arrangements in which the suction connection
drain the coil headers effectively. Fig.61 shows individual
suction outlets joining into a common suction header
below the coil level. Fig.62 illustrates an alternate method
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of bringing up each suction line and looping it into the
common line. The expansion valve equalizing lines are
connected into the suction header downstream of the
expansion valve thermal bulb.

Figure 63 illustrates the use of coil having
connections at the top or in the middle of each coil
header, and piped so that this connection does not drain
the evaporator. In this case oil may become trapped in
the coil. The figure shows oil drain lines from connections
supplied for this purpose. The drain lines extend from the
suction connection at the bottom end of each coil header
to the common suction header below the coil level.
Dry Expansion Coolers

Figures 64 and 66 show typical refrigerant piping for
a dry expansion cooler and a flooded cooler respectively.

In  a dry expansion chiller the refrigerant flows thru
the tubes, and the water (or liquid) to be cooled flows
transversely over the outside of the tubes. The water or
liquid flow is guided by vertical baffles. Multi-circuit
coolers should be used in systems in which the
compressor capacity can be in systems in which the
compressor capacity can be reduced below 50 % . This

is recommended since oil cannot be properly returned
and good thermal valve control cannot be expected
below this minimum loading per circuit.

It is also recommended that the minimum
capacity of a single circuit should be bot less than 50% of
its full capacity. In addition, refrigerant solenoid valves
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should be used in the liquid line to each circuit of a multi-
circuit cooler in a system in which the compressor
capacity can be reduced below 50%. A liquid suction
interchanger is recommended with these coolers.

For the larger size DX coolers a pilot-operated
refrigerant feed valve connected to a small thermostatic
expansion valve (Fig. 65) may not used to advantage.
The thermostatic expansion valve is a pilot device for the
larger refrigerant feed valve.
Flooded Coolers

In a flooded cooler the refrigerant surrounds the
tubes in the shell, and water or liquid to be cooled flows
thru the tubes in one or more passes, depending on the
baffle arrangement.

Flooded coolers require a continuous liquid bleed
line from some point below the liquid level in the cooler
shell to the suction line. This continuous bleed of
refrigerant liquid and oil assures the required return of oil
to the compressor. It is usually drained into the suction
line so that the oil can be returned to the cooler with the
suction gas. This drain line should be equipped with a
hand shut – off valve, a solenoid valve and a sight glass.
The solenoid valve should be wired into the control circuit
in such a manner that it closes when the compressor
stops.

A liquid suction interchanger, installed close to the
cooler, is required to evaporate any liquid refrigerant from
the refrigerant oil mixture which is continuously bled into
the suction line.

Since flooded coolers frequently operate at light
loads, double suction risers are often necessary.

To avoid freeze – up the water supply to a flooded
cooler should never be throttled and should never bypass
the cooler.
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COMPRESSORS
Suction Piping

Suction piping of parallel compressors should be
designed so that all compressors run at the same suction
pressure and so that oil is returned to the running
compressors in equal proportions. To insure maintenance
of proper oil levels , compressors of unequal sizes may
be erected on foundations at different elevations so that
the recommended crankcase operating oil level is
maintained at each compressor.

All suction lines are brought  into a common suction
header which is run full size and level above the
compressor suction inlets. Branch suction line take – offs
to the compressors are from the side of the header and
should be the same size as the header. No reduction is
made in the branch suction lines to the compressors until
the vertical drop is reached.

This allows the branch line to return oil proportionally
to each of the operating compressors.

Figure 67 shows suction and hot gas header
arrangements for two compressors operating in parallel.
Discharge Piping

The branch hot gas lines from the compressors are
connected into a common header. This hot gas header is
run at a level below that of the compressor discharge
connections which, for convenience, is often at the floor.
This is equivalent to the hot gas loop for the single
compressor shown in Fig. 68 .
The hot gas loop accomplishes two functions:

1. It prevents gas, which may condense in the hot
gas line during the off cycle, from draining back
into the head of the compressors. This eliminates
compressor damage on start – up.

2. It prevents oil, which leaves one
compressor, form draining into the head of
an idle one.

Interconnecting Piping
In addition to suction and hot gas piping of parallel

compressors, oil and gas equalization  lines are required
between compressors and between condensing units.
 An interconnecting oil equalization line is needed
between all crankcases to maintain uniform oil levels and
adequate lubrication in all compressors. The oil equalizer
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may be run level with the tappings or , for convenient
access to the compressors, it may  be run at floor level
(Fig. 69). Under no condition should it be run at a level
higher than that of the compressor tappings.

Ordinarily, proper equalization takes place only if a
gas equalizing line is installed above the compressor
crankcase oil line. This line may be run level with the
tappings, or may be raised to allow head room for
convenient access. It should be piped level and
supported as required to prevent traps from forming.

Shut–off valves should be installed in both lines so
that any one machine may be isolated for repair without
shutting down the entire system. Both lines should be the
same size as the tappings on the largest compressor.
Neither line should be run directly from one crankcase
into another without forming a U–bend or hairpin to
absorb vibration.

When multiple condensing units are interconnected
as shown in Fig. 69, it is necessary to equalize the
pressure in the condensers to prevent hot gas From
blowing thru one of the condensers and into the liquid
line. To do this a hot gas equalizer line is installed as
shown. If the piping is looped as shown, vibration should
not be a problem. The equalizer line between units must
be the same size as the largest hot gas line.
CONDENSERS

Liquid receivers are often used in systems having
evaporative or air–cooled condensers and also with
water–cooled condensers where additional liquid storage
capacity is required to pump down the system. However,
in many water–cooled condenser systems the condenser
serves also as a receiver if the total refrigerant in the
system does not exceed its storage capacity.
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When receivers are used, liquid piping from the
condenser to the receiver is designed to allow free
drainage of liquid from the condenser at all times. This
possible only if the pressure in the receiver is not allowed
to rise to the point where a restriction in flow can occur.

Liquid flow from the condenser to the receiver can be
restricted by any of the following conditions:

1. Gas binding of the receiver.
2. Excessive friction drop in the condensate line.
3. Incorrect condensate line design.
The following piping recommendations are made to
overcome these difficulties.

Evaporative Codenser to Receiver Piping
Liquid receivers are used on evaporative condensers

to accommodate fluctuations in refrigerant liquid level, to
maintain a seal, and to provide storage facilities for
pumpdown. An equalizing line from the receiver to the
condenser is required to relieve gas pressure tending to
develop in the receive. Otherwise liquid hang – up in the

condenser due to restricted drainage can occur. The
receiver can be vented directly thru the condensate line
to the condenser outlet, or by an external equalizer  line
to the condenser.

Figure 70 shows a single evaporative condenser and
receiver vented back thru the condensate drain line to the
condensing coil outlet. Such an arrangement is
applicable to a close coupled system. A separate vent is
not required. However, it is limited to a horizontal length
of condensate line of less than 6 ft. The entire condensate
line from the condenser to the receiver is the same size
as the coil outlet. The line should be pitched as shown.

Figure 71 shows the refrigerant piping for a single
unit with receiver vent. Note that the condensate line from
the condenser is the full size of the outlet connection and
is not reduced until the second elbow is reached. This
arrangement prevents trapping of liquid in the condenser
coil.
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Table 21 lists recommended sizing of receiver vent
lines.

There some systems in current use without a receiver
but it must be recognized that problems can occur which
can be avoided if a receiver is used.

Such an arrangement is more critical with respect to
refrigerant charge. An overcharged system can waste
power and cause a loss of capacity if the overcharge
backs up into the condenser. An undercharged system
also wastes power and causes a loss of capacity
because the evaporator is being fed partially with hot
gas. Therefore, if the receiver is omitted, an accurate
refrigerant charge must be maintained to assure normal
operation.

The advantage of such an arrangement is an
economic one; equipment cost is lower since receiver
and valves are eliminated and the system operating
charge is lower if charged accurately.
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Figure 72 shows a piping arrangement for multiple
units. Note that there are individual hot gas and vent
valves for each unit. These valves permit operation of one
unit while the other is shut down. These are essential
because otherwise the idle unit, at lower pressure,
causes hot gas to blow thru the operating unit into the
liquid line. Purge cocks are also shown, one for each unit.

The hot gas piping should be such that the pressure
in each condenser is substantially the
same. To accomplish this the branch connection from the
hot gas header into each condenser should be the same
size as the condenser coil connection.

Figure 73 shows a subcooling coil piping
arrangement. The subcooling coil must be piped between
the receiver and the evaporator for best liquid subcooling
benefits.

Multiple Shell and Tube Condensers
When two or more shell and tube condensers are

applied in parallel in a single system, they should be
equalized on the hot gas side and arranged as shown in
Fig. 75.

The elevation difference between the outlet of the
condenser and the horizontal liquid header must be at
least 12 in. preferably greater, to prevent gas blowing
thru. The bottoms of all condensers should be at the
same level to prevent backing liquid into the lowest
condenser.

When water–cooled condensers are interconnected
as shown, they should be fed from a common water
regulating valve, if used.
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An inverted loop of at least 6 ft is recommended in
the liquid line to prevent siphoning of the liquid into the
evaporator (or evaporators) during shutdown. Where a
liquid line solenoid valve or valves are used, the loop is
unnecessary.

Figure 74 shows a similar loop for single condenser
with the evaporator below.
Vibration of Piping

Vibration transmitted thru or generated in refrigerant
piping and the objectionable boise which results can be
eliminated or greatly minimized  by proper design and
support of the piping.

The best way to prevent compressor vibration from
being transmitted to the piping is to run the suction and
discharge lines at least 6 pipe diameters in each of three
directions before reaching the first point of support. In this
manner the piping can absorb the vibration without being
overstressed.

FIG. 73- SUBCOOLING COIL PIPING

FIG .74 –LIQUID LINE FROM CONDENSER OR RECEIVER
TO EVAPORATOR LOCATED BELOW
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.
The hot gas loop from the compressor can be

attached to the compressor base by means of a bracket
if the base is isolated. If there is enough space in the
horizontal run of the loop, two brackets are
recommended to eliminate excessive rocking movement
of the pipe. Brackets should be attached at the point of
minimum movement of the compressor assembly. The
riser following the loop is supported as close as possible
to the compressor.

If the compressor is mounted on a resilient base, the
pipe support should have a resilient isolator. The isolator
is selected for four times the deflection in the spring
support of the compressor base.

See “ Vibration Isolation of Piping Systems” in
Chapter I for further discussion of the subject.
REFRIGERANT PIPING ACCESSORIES
LIQUID LINE
Liquid Suction Interchangers

These are devices which subcool the liquid
refrigerant and superheat the suction gas. The following
describes four reasons for their use and the best location
for each application:

1. To subcool the liquid refrigerant to compensate
for excessive liquid line pressure drop. Location–
near condenser. Liquid suction interchangers
are not recommended for single stage
applications using Refrigerant 22 because
superheating of the suction gas must be limited
to avoid compressor overheating. However,
where they are used to prevent liquid slop – over
to the compressor, superheating of the suction
gas should be limited to 20 F above saturation
temperature. A liquid suction interchange so
designed to limit the superheat of the suction
gas should have a bypass so that operating
adjustments may be made.

2. To act as an oil rectifier. Location – near
evaporator.

3. To prevent liquid slop over to the compressor.
Location – near evaporator.

4. To increase the efficiency of the Refrigerant 12
and 500 cycles. Location – near evaporator to
avoid insulation of subcooled liquid line.

FIG.75 –LIQUID PIPING TO INSURE CONDENSATE FLOW FROM INTERCONNECTED CONDENSERS
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Two common types of liquid suction interchangers are :
1. The shell and coil or the shell and tube

exchanger, suitable for increasing cycle
efficiency and for liquid subcooling. This type is
usually installed so that the suction outlet drains
the shell to prevent oil trapping;

2. The tube – in – tube interchange (Figs. 76 and
77), a preferable type for controlling slop-over
caused by erratic expansion valve feed or for “
rectifying “ lube oil from a refrigerant oil mixture
bled from a flooded evaporator.

Excessive superheating of the suction gas must be
avoided with heat exchangers since it causes excessive
compressor discharge temperatures. Therefore, the
amount of liquid subcooling permissible by a liquid
suction interchanger is limited to the amount of suction
gas superheating that does not cause compressor
damage when the gas is compressed to the discharge
pressure. Beyond this point additional subcooling should
be obtained from other sources.

Charts 23 and 24 are used to determine the length
(A) of a concentric tube – in – tube interchanger (Fig. 76).
The amount of liquid subcooling available is calculated

FIG.77-ECCENTRIC THREE – PIPE LIQUID SUCTION INTERCHANGERFIG.77-ECCENTRIC THREE – PIPE LIQUID SUCTION INTERCHANGER

FIG 76-LIQUID SUCTION INTERCHANGER
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by using the ratio of the specific heats of the suction gas
and of the liquid (subcooling multiplier). Example 5
illustrates the use of these charts.
Example 5 – Determining the Length of a Concentric

Tube – in – Tube Interchanger
Given:
      Refrigerant 12 system
      Load – 45 tons
      Suction ling – 3 1 / 8 in. OD Type L copper
      Expansion valve – 10 F superheat
      Suction temp – 40 F
      Condensing temp – 105 F
Find:

Length of a concentric tube-in-tube interchange to 
superheat the suction gas to 65 F (suction gas 
temperature to compressor in accordance with ASRE
Standard 25R on rating compressor).
Amount of liquid subcooling.

Solution:
      See Chart 23.

1. Determine interchanger efficiency E from
equation

               E =                                                 x 100

                  =                 x 100  =          x 100 = 27.2%

2. With an efficiency of 27.2% a 31/8 in.  OD pipe
size and a 45 ton load, enter Chart 23 as
indicated per dashed line to determine a length
(A) of 17 ft.

3. For Refrigerant 12 the ratio of gas to liquid
specific heat is .653. Therefore, subcooling of
liquid refrigerant is .653 x 15 F (leav gas temp –
ent gas temp) or 9.8 F

An eccentric three–pipe interchanger is shown in Fig.
77. The inner pipe and the outer pipe offer two surfaces
for the exchange of heat between the warm liquid
refrigerant and the colder suction gas. The required
length of this interchanger can be determined by using
the method shown in Example 5 and by basing the
required length on a ratio of relative surfaces between the
liquid refrigerant and the suction gas.
Liquid Indicators

Every refrigeration system should include a means of
checking for sufficient refrigerant charge. The common
devices used are a liquid line sight glass, liquid level test
cock on condenser or receiver, or an external gage glass
with equalizing connections and shut–off valves.

The liquid line sight glass is one of the most
convenient to install and use. A properly installed sight
glass shows bubbling when there is an insufficient
charge and a solid clear glass when there is sufficient
charge.

Sight glasses should be installed full size in the main
liquid line and not in a bypass line that parallels the main
line.

A sight glass with double ports and seal caps is
preferable. The double ports allow a light to be put
behind one port so that the stare of the refrigerant is
easily seen. The seal caps serve as an added protection
against leakage or breakage since they are removed only
when checking the refrigerant. Fig. 78 shows a double
port liquid indicator with seal caps.

The installation of a double port or see–through sight
glass is recommended in the following locations:

1. With a single condenser and the evaporator
below the condenser – in the liquid line leaving
the condenser or, if a receiver is used, in the
liquid line leaving the receiver.

2. With multiple condensers and the evaporator
below the condensers – in the main liquid line
leaving the condenser bank and also in the
liquid line leaving the receiver if used.

3. With the evaporator above the condenser(s) – in
the liquid line before the thermal expansion
valve. This allows the serviceman to observe if
flashing is taking place.

Strainers
The installation of a strainer ahead of each automatic

valve is recommended. Where multiple expansion valves
with integral strainers are used, a single main liquid line

leav gas temp – ent gas temp
ent lig temp – ent gas temp

65 – 50
105 - 50

15
55
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strainer is sufficient to protect all of these . Fig. 79 shows
an angle cartridge type strainer. A shut – off valve on
each side of the strainer is desirable and should be
located as close to the strainer as possible.

On steel piping systems an adequate strainer should
be installed in the suction line and a filterdrier in the liquid
line to remove the scale and rust inherent in steel pipe.
Refrigerant Driers

A permanent refrigerant drier is recommended for
most systems and is essential for all low temperature
systems. It is also essential for all systems using hermetic
compressors since the compressor motor winding is
exposed to refrigerant gas. If the gas contains excessive
moisture, the winding insulation may break down and
cause the motor to burn out. A full flow drier must be
used for this type system.

Figure 80 shows an angle type cartridge drier. The
drier should be mounted vertically in the liquid line. A
three – valve bypass (Fig. 80) should be used to permit
isolation of the drier for servicing and to allow partial
refrigerant flow thru the drier.

Reliable moisture indicators (Fig. 82) for liquid
refrigerant lines are available. These devices indicate the
proper time to replace the dreer cartridge.
Filter – Driers

Filter – Driers ( Fig. 83 ) are more commonly
used than strainers and driers together. The drier material
actually filters the liquid refrigerant.

Solenoid Valves
Solenoid valves are commonly used in the following

places:
1. In the liquid line of any system operating on

single pump – out or pump – down compressor
control.

2. In the liquid line of any single or multiple DX
evaporator system.
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3. In the oil bleeder lines from flooded evaporators
to stop the flow of oil and refrigerant into the
suction line when the system shuts down.

In many cases it is desirable to use solenoid valves
with opening stems. The opening stem serves as a in
case of solenoid coil failure.

Refrigerant Charging Connections
The two usual methods of charging the refrigeration

system are:
1. Charging liquid into the liquid line between the

receive shut-off valve and the expansion valve.
Fig. 84 shows a charging connection in a liquid
line leaving a receiver.

2. Charging gas into the suction line. Except for
very small systems this method is not practical
because of the time required to evaporate the
refrigerant from the drum and because of the
danger of dumping raw liquid into the
compressor.

Expansion Valves
Thermal expansion valves should be sized to avoid

both the penalties of being undersized at full load and of
being excessively oversized at partial load. The following
items should be considered before sizing valves:

1. Refrigerant pressure drop thru the system must
be properly evaluated to determine the correct
pressure drop available across the valve.

2. Variations in condensing pressure during
operation affect valve pressure and capacity.
Condensing pressure should be controlled,
therefore, to maintain required valve capacity.

3. Oversized thermal expansion valves do not
control as well at full system capacity as properly
sized valves and control gets progressively
worse as the coil load decreases. Capacity
reduction, available in most compressors, further
increases this problem and necessitates closer

selection of expansion valves to match realistic
loads.

When sizing thermal expansion valves, make the
selection on the basis of maximum load at the design
operation pressure and at least 10 degrees superheat.
Five degrees is the usual change in superheat between a
full open and closed position. This is called the operating
superheat. This a valve which operates at 10 degrees
superheat at design load balances out at 5 to 6 degrees
superheat at low load. A low superheat setting at design
load, therefore,does not provide sufficient margins of
safety at low loads because not provide sufficient
margins of safety at low loads because of the 5 degrees
necessary for operating superheat.

The expansion valve bulb should be located
immediately after the coil outlet on the suction line and 45
degrees above the bottom of the pipe. With this
arrangement the coil is the source of superheat for valve
operation. The valve should be set so that overfeeding
does not occur at times of partial load.

The effect of condensing temperature on the
capacity of an expansion valve for two different systems
is illustration Example 6.
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On certain low temperature applications and on high
temperature applications where the design or partial load
least temperature difference (L.T.D.) between the
refrigerant and air or water is extremely small, it may
become necessary to consider the use of the liquid
suction interchanger as a source of superheat. This is
done to increase the effective evaporator surface by
allowing the liquid suction interchanger to supply the
superheat function.

If only one liquid suction interchanger is used for the
applications just mentioned, it should be an eccentric
three-pipe interchanger as shown in Fig. 77. This
arrangement permits the expansion valve bulb to sense
the suction gas temperature from the outside surface of
the interchanger. Otherwise two tube-in-tube inter-
changers should be used with the thermal expansion
valve bulb located between the interchangers.

The preferred refrigerant flow in a coil circuit to
obtain superheat is illustrated in Fig. 85.

SUCTION LINE
Back Pressure Valves

A conventional type back pressure regulation valve is
used in a refrigerating system to maintain a
predetermined pressure in the evaporator. A conventional
type regulator controls the upstream pressure. The
regulator has a spring loaded diaphragm designed to
actuate a seat pilot valve. The actuating pressure comes
from the evaporator or upstream side of the regulator.
When the upstream pressure against the diaphragm is
greater than that exerted by the spring, the pilot valve
opens and a flow of gas is admitted to the power piston.
The piston in turn causes the main port to open. This
permits a flow of gas from the upstream side of the valve
to the downstream side. When the actuating pressure
becomes less than that controlled by the spring pressure,
the flow of gas to the power piston is stopped and the
regulator closes.

There are many variations of the back pressure
regulating valve. Several are described in the following:

1. the compensating type, actuated by air or
electricity, varies the suction pressure in
accordance with temperature or load demand.

2. The dual pressure regulator is designed to
operate at two predetermined pressures without
resetting or adjustment; by opening and closing
a pilot solenoid , either the low pressure or the
high pressure head operates.

Figure 86 shows a simple back pressure regulating
valve which is ordinarily used for one of the following
purposes:

1. To control evaporator suction pressure in spite of
compressor suction pressure variation.
2. To establish evaporator suction pressure when
lower compressor suction pressure is demanded by
another part of the same system.
3. To prevent evaporator freezing when operating
near the freezing temperature.
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Chart 25 illustrates the application of back pressure
valves for various services such as number and types of
evaporators, and types of room and compressor control.

Figure 87 illustrates the location of back pressure
valves.
DISCHARGE LINE
Oil Separators

Oil separators reduce the rate of oil circulation.
However they are not 100% efficient since some oil
always circulates thru the system.

Oil separators are of particular value on certain types
of installations such as:

1. Systems requiring a sudden and frequent
capacity variation.

2. Systems having extensive pipe lines and
numerous evaporators. The large volumes
inherent in such systems result in appreciable oil
hangup.

There are several objections to oil separators:
1. Oil separators permit some oil to be carried over

into the system and, therefore, proper piping
design to return oil is still required even though a
separator is used.

2. On start-up, gas may condense in the shell of
the separator. As a result the separator delivers
liquid refrigerant into the crankcase. This in turn
increases crankcase foaming and oil loss from
the compressor.

During the “off” cycle the oil separator cools down
and acts as a condenser for liquid refrigerant that
evaporates in the warmer parts of the system. Thus a cool
oil separator acts as a liquid condenser during “off”
cycles and also on compressor start-up until the
separator has warmed up. Large amounts of liquid
refrigerant in the crankcase result in poor lubrication and
may also result in removing the oil from the crankcase
completely.

Figure 88 shows the recommended method for
piping an oil separator.
Mufflers

If a muffler is used in the hot gas line, it should be
installed in downward flow risers or in horizontal lines as
close to the compressor as possible.

The hot gas pulsations from the compressor can set
up a condition of resonance with certain lengths of
refrigerant piping in the hot gas line. A muffler installed in
the compressor discharge aids in eliminating such a
condition.

Figure 89 shows a muffler in a hot gas line at the
compressor.

Check Valves
Check valves contribute a relatively large addition to

a line pressure drop at full load and must be taken into
account in the selection of refrigeration equipment. In
addition a check valve cannot be relied upon for 100%
shut-off.

Whenever the receiver is warmer than the
compressor during shutdown, refrigerant in the receiver
tends to boil off and flow back thru the condenser and hot
gas discharge line to the compressor where it
condenses. If there is sufficient refrigerant in the receiver,
liquid refrigerant eventually enters the compressor
despite the loop in the hot gas line at the base of the
compressor. To prevent this, a check valve should be
used ( Fig. 68, page 65).

In a non-automatic system a hand valve may be used
at the inlet to the condenser to manually shut off the flow
on shutdown, in which case the pressure drop involved
will be much less than that encountered using a check
valve.
REGRIGERANT PIPING INSULATION

 Liquid lines should not be insulated if the
surrounding temperature is lower than or equal to the
temperature of the liquid. Insulation is recommended only
when the liquid line can pick up a
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considerable amount of heat. The following areas in a
refrigerant piping system should be insulated:

1. to the direct rays of the sun for a considerable
distance.

2. Piping in boiler rooms.
3. Piping at the outlet of a liquid suction

interchanger to preserve the subcooling effect.
Where liquid and suction lines can be strapped

together, a single insulating covering can be used over
both lines. This induces an exchange of heat and is
desirable from the standpoint of the subcooling effect on
the liquid. However excessive superheating of the suction
gas can result from too much exchange of heat.
Hot gas lines should not be insulated. Any heat lost by
these lines reduces the work to be done by the
condenser.

Hot gas lines should not be insulated. Any heat lost
by these lines reduces the work to be done by the
condenser.

Suction lines should be insulated only to prevent
dripping where this causes a nuisance or damage. It is
generally desirable to have the suction line capable of
absorbing some heat to evaporate any liquid which may

have entered the suction line from the evaporator. For
unusual conditions of high ambient temperatures and
simultaneous high relative humidities extra insulation
must be applied.

The thickness of insulation required to prevent
condensation on the outer surface is that thickness which
raises the temperature of the outer surface of the
insulation to a point slightly higher than the maximum
expected dewpoint of the surrounding air. The external
vapor barrier must be made as nearly perfect as possible
in order to prevent leakage of vapor into the insulation.

A cellular glass or cellular plastic type of insulation is
fast becoming accepted as an ideal insulation. Its cellular
structure provides exceptionally high resistance to water
and water vapor. The cellular glass, being inorganic, is
fire-proof. Cellular plastic which is also available is self-
extinguishing.

When located out of doors, insulation must be
weatherproofed unless, of course, it is inherently
waterproof.
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   CHAPTER 4. STEAM PIPING

This chapter describes practical design and layout
techniques for stream piping systems. Steam piping differs
from other systems because it usually carries three fluids–
steam, water and air. For this reason, steam piping design
and layout require special consideration.
GENERAL SYSTEM DESIGN

Steam systems are classified according to piping
arrangement, pressure conditions, and method of re-
turning condensate to the boiler. These classifications are
discussed in the following paragraphs.
PIPING ARRANGEMENT

A one or two-pipe arrangement is standard for steam
piping. The one-pipe system uses a single pipe to supply
steam and to return condensate. Ordinarily, there is one
connection at the heating unit for both supply and return.
Some units have two connections which hare used as
supply and return connections to the common pipe.

A two-pipe steam system is more commonly used in
air conditioning, heating, and ventilating applications. This
system has one pipe to carry the steam supply and
another to return condensate. In a two-pipe system, the
heating units have separate connections for supply and
return.

The piping arrangements are further classified, with
respect to condensate return connections to the boiler and
direction of flow in the risers:

1. Condensate return to boiler
a. Dry-return – condensate enters boiler above

water line.
b. Wet-return – condensate enters boiler below

water line.
2. Steam flow in riser

a. Up-feed - steam flows up riser.
b. Down-feed – steam flows down riser.

PRESSURE CONDITIONS
Steam piping systems are normally divided into five

classifications-high pressure, medium pressure, low

pressure, vapor and vacuum systems. Pressure ranges
for the five systems are:

1. High pressure - 100 psig and above
2. Medium pressure - 15 to 100 psig
3. Low pressure – 0 to 15 psig
4. Vapor – vacuum to 15 psig
5. Vacuum – vacuum to 15 psig

Vapor and vacuum systems are identical except that a
vapor system does not have a vacuum pump, but a
vacuum system does.
CONDENSATE RETURN

The type of condensate return piping from the
heating units to the boiler further identifies the steam
piping system. Two arrangements, gravity and
mechanical return, are in common use.

When all the units are located above the boiler or
condensate receiver water line, the system is described
as a gravity return since the condensate returns to the
boiler by gravity.

If traps or pumps are used to aid the return of
condensate to the boiler, the system is classified as a
mechanical return system. The vacuum return pump,
condensate return pump and boiler return trap are
devices used for mechanically returning condensate to
the boiler.
CODES AND REGULATIONS

All applicable codes and regulation should be
checked to determine acceptable piping practice for the
particular application. These codes usually dictate
piping design, limit the steam pressure, or qualify the
selection of equipment.
WATER CONDITIONING

The formation of scale and sludge deposits on the
boiler heating surfaces creates a problem in generating
steam. Scale formation is intensified since scale-forming
salts increase with an increase in temperature.

Water conditioning in a steam generating system
should be under the supervision of a specialist.
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PIPING SUPPORTS
All steam piping is pitched to facilitate the flow of

condensate. Table 22 contains the recommended support
spacing for piping pitched for different gradients. The data
is base on Schedule 40 pipe filled with water, and an
average amount of valves and fittings.
PIPING DESIGN

A steam system operating for air conditioning comfort
conditions must distribute steam at all operating loads.
These loads can be in excess of design load, such as
morning warm up , and  at extreme partial load, when only
a minimum of heat is necessary. The pipe size to transmit

the steam for a design load depends on the following:
1. The initial operating pressure and the allowable

pressure drop thru the system.
2. The total equivalent length of pipe in the

longest run.
3. Whether the condensate flows in the same

direction as the steam or in the opposite
direction.

The major steam piping systems used in air con-
ditioning applications are classified by a combination of
piping arrangement and pressure conditions as follows:

1. Two-pipe high pressure
2. Two-pipe medium pressure
3. Two-pipe low pressure
4. Two-pipe vapor
5. Two-pipe vacuum
6. One–pipe low pressure

ONE – PIPE SYSTEM
A one – pipe gravity system is primarily used on

residences and small commercial establishments. Fig.
90 shows a one – pipe, upfeed gravity system. The
steam supply main rises from the boiler to a high point
and is pitched downward from this point around the
extremities of the basement. It is normally run full size to
the last take – off and is then reduced in size after it
drops down below the boiler water line. This
arrangement is called a wet return. If the return main is
above the boiler water line, it is called a dry return.
Automatic air vents are required at all high points in the
system to remove non–condensable gases. In systems
that require long mains, it is necessary to check the
pressure drop and make sure the last heating unit is
sufficiently above the water line to prevent water
backing up from the boiler and flooding the main. During
operation, steam and condensate flow in the same
direction in the mains, and in opposite direction in
branches and risers. This system requires larger pipe
and valves than any other system.

The one – pipe gravity system can also be designed
as shown in Fig. 91 , with each riser dripped separately.
This is frequently done on more extensive systems.

Another type of one – pipe gravity system is the
down – feed arrangement shown in Fig. 92. Steam flows
in the main riser from the boiler to the building attic and
is then distributed throughout the building.
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TWO – PIPE  SYSTEM
A two-pipe gravity system is shown in Fig. 93. This

system is used with indirect radiation. The addition of a
thermostatic valve at each heating unit adapts it to a vapor
or mechanical vacuum system. A gravity system has each
radiator separately sealed by drip loops on a dry return or
by dropping directly into a wet return main. All drips,
reliefs and return risers from the steam to the return side of
the system must be sealed by traps or water loops to
insure satisfactory operation.

If the air vent on the heating unit is omitted, and the air
is vented thru the return line and a vented condensate
receiver, a vapor system as illustrated in Fig. 94 results.

The addition of a vacuum pump to a vapor system
classifies the system as a mechanical vacuum system.
This arrangement is shown in Fig. 95.

Figures 90 thru 95 , courtesy of Kent’s Mechanical Engineer’s Handbook, Power Volume, Eleventh Edition , John Wiley ξξξξ Sons Publisher.
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PIPE SIZING
GENERAL

Charts and tables have been developed which are
used to select the proper pipe to carry the required steam
rate at various pressures.

Chart 26 is a universal chart for steam pressure of 0 to
200 psig and for a steam rate of from 5 to 100,000 pounds
per hour. However, the velocity as read from the chart is
based on a steam pressure of 0 psig and must be
corrected for the desired pressure from Chart 27. The
complete chart is based on the Moody friction factor and is
valid where condensate and steam flow in the same
direction.

Tables 23 thru 28 are used for quick selection at
specific steam pressures. Chart 26 has been used to
tabulate the capacities shown in Tables 23 thru 25. The
capacities in Tables 26 thru 28 are the results of tests
conducted in the ASHAE laboratories. Suggested
limitations for the use of these tables are shown as notes
on each table. In addition, Table 28 shows the total
pressure drop for two – pipe low pressure stem systems.

RECOMMENDATIONS
The following recommendations are for use when

sizing pipe for the various systems:
Two – pipe High Pressure System

This system is used mostly in plants and
occasionally in commercial installations.

1. Size supply main and risers for a maximum
drop of 25 –30 psi.

2. Size supply main and risers for a maximum
friction rate of 2 –10 psi per 100 ft of equivalent
pipe.

3. Size return main and riser for a maximum
pressure drop of 20 psi.

4. Size return main and riser for a maximum
friction rate of 2 psi per 100 ft of equivalent
pipe.

5. Pitch supply mains 1/4 in. per 10 ft away from
boiler.

6. Pitch return mains 1/4 in. per 10 ft toward the
boiler.

7. Size pipe from Table 23.
Two - pip Medium Pressure System

This system is used mostly in plants and
occasionally in commercial installations.

1. Size supply main and riser for a maximum
pressure drop of 5 – 10 psi.

2. Size supply main and riser for a maximum
friction rate of 2 psi per 100 ft of equivalent
pipe.

3. Size supply main and riser for a maximum
pressure sure drop of 5 psi.

4. Size return main and riser for a mamimum
friction rate of 1 psi per 100 ft of equivalent
pipe.

5. Pitch supply mains 1/4 in. per 10 ft away from
the boiler.

6. Pitch supply mains 1/4 in. per 10 ft toward the
boiler.

7. Size pipe from Table 24.
Two – pipe Low Pressure System

This system is used for commercial, air
conditioning, heating and ventilating installations.

1. Size supply main and risers for a maximum
pressure drop determined 1 from Table 28,
depending on the initial system pressure.

2. Size supply main and risers for a maximum
friction rate of 2 psi per 100 ft of equivalent
pipe.

3. Size return main and riser for a maximum
pressure drop determined from Table 28,

www.HVAC-ENG.com



Part 3. Piping Design  |  Chapter 4. Steam Piping

depending on the initial system pressure.
4. Size return main and riser for a maximum friction

rate of 1/2  psi per 100 ft of equivalent pipe.
5. Pitch mains 1/4 in. per 10 ft away from the boiler.
6. Pitch return mains 1/4 in. per 10 ft toward the

boiler.
7. Use Tables 25 thru 27 to size pipe.

Two – pipe Vapor System
This system is used in commercial and residential

installations.
1. Size supply main and riser for a maximum

pressure drop of 1/16 – 1/8 psi.
2. Size supply main and riser for a maximum friction

rate of 1/16 – 1/8 psi per 100 ft equivalent pipe.
3. Size return main and supply for a maximum

pressure drop of 1/16 - 1/8 psi.
4. Size return main and supply for a maximum

friction rate of 1/16 – 1/8 psi per 100 ft of equivalent
pipe.

5. Pitch supply 1/4 in. per 10 ft away from the boiler.
6. Pitch supply 1/4 in. per 10 ft toward the boiler.
7. Size pipe from Tables 25 thru 27.

Two – pipe Vacuum System
This system is used in commercial installations.
1. Size supply main and riser for a maximum

pressure drop of 1/8 – 1 psi.
2. Size supply main and riser for a maximum

friction rate of 1/8 – 1/2 psi per 100 ft of
equivalent pipe.

3. Size return main and riser for a maximum
pressure drop of 1/8 – 1 psi.

4. Size return main and riser for a maximum
friction rate of 1/8 - 1/2 psi per 100 ft equivalent
pipe.

5. Pitch return mains 1/4 in. per 10 ft away form the
boiler.

6. Pitch return mains 1/4 in. per 10 ft toward the
boiler.

7. Size pipe from Tables 25 thru 27.
One – pipe Low Pressure System

This system is used on small commercial and
residential systems.

1. Size supply main and riser for a maximum
pressure drop of 1/4 psi.

2. Size supply main and riser for a maximum
friction rate of 1/16 psi per 100 ft of equivalent
pipe.
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3. Size return main and riser for a maximum
pressure drop of 1/4 psi.

4. Size return main and riser for a maximum friction
rate of 1/16 psi per 100 ft of equivalent pipe.

5. Pitch supply main 1/4 in. per 10 ft of away from the
boiler.

6. Pitch return main 1/4 in. per 10 ft toward the boiler.

7. Size supply main and dripped runouts form
Table 25.

8. Size undripped runouts from Table 27, Column
F.

9. Size upfeed risers from Table 27, Column D.
10. Size downfeed supply risers from Table 25
11. Pitch supply mains 1/4 in. per 10 ft away from

boiler.
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12  Pitch return main 1/4 in. per 10 ft toward the
boiler.

Use of Table 28
Example 1 – Determine Pressure Drop for Sizing Supply and 

Return Piping
Given

Two - pipe low pressure steam system
Initial steam pressure – 15 psig
Approximate supply piping equivalent length  - 500 ft
Approximate return piping equivalent  length  - 500 ft

Find:
1. Pressure drop to size supply piping.
2. Pressure drop to size return piping.

Solution:
1. Refer to Table 28 for an intial steam pressure of 15

psig. The total pressure drop should not exceed 3.75
psi in the supply pipe. Therefore, the supply piping is
sized for a total pressure drop of 3.75 or 3/4 psi per 100
ft of equivalent pipe.

2. Although 3/4 psi is indicated in Step 1, Item 4 under the
two – pipe low pressure systems recommends a
maximum of 1/2 psi for return piping. Therefore, use 1/2
psi per 100 ft of equivalent pipe.

Return main pressure drop = 1/2 x          = 2.5 psi

From Heating Ventilating Air Condition Guide, 1959
Use by permission

500
100
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Friction Rate
Example 2 illustrates the method used to determine

the friction rate for sizing pip when the total system
pressure drop recommendation (supply pressure drop
plus return pressure drop) is known and the approximate
equivalent length is known.
Example 2 – Determine Friction Rate
Given:

Four systems
Equivalent length of each system – 400 ft
Total pressure drop of system – 1/2 , 3/4, 1 , and 2 psi

Find:
 Friction rate for each system.

Solution:

Used of Charts 26 and 27
Example 3 – Determine Steam Supply Main and Final Velocity
Given:

Friction rate – 2  psi per 100 ft of equivalent pipe
Initial steam pressure – 100 psig
Flow rate – 6750 lb / hr

Find:
1. Size of largest pipe not exceeding design friction rate.
2. Steam velocity in pipe.

Solution:
1. Enter bottom of Chart 26 at 6750 lb / hr and proceed

vertically to the 100 psig line (dotted line in Chart 26 ).
Then move obliquely to the 0 psig line. From this point
proceed vertically up the chart to the smallest pipe size
not exceeding 2 psi per 100 ft of equivalent pipe and
read 31/2 in.

2. The velocity of steam at 0 psig as read from Chart 26 is
16,000 fpm. Enter the left side of Chart 27 at 16,000
fpm. Proceed obliquely downward to the 100 psig line
and horizontally across to the right side of the chart
(dotted line in Chart 27). The velocity at 100 psig is
6100 fpm.

Example 4 – Sizing Pipe for a Low Pressure, Vocuum Return
System

Given:
Six units
Steam requirement per unit  - 72 lb / hr
Layout as illustrated in Figs. 96 thru 98

www.HVAC-ENG.com



Part 3. Piping Design  |  Chapter 4. Steam Piping

Threaded pipe and fittings.
Low pressure system – 2 psi

Find:
 Size of and total pressure drop

Note: Total pressure drop in the system should never 
exceed one – half the initial pressure. A reasonably small 
drop is required for quiet operation.

Solution:
Determine the design friction rate by totaling the pipe length

and adding 50 % of the length for fittings:
115 + 11 +133 = 259

                       259 x .50 = 130
                                          389 ft equiv length
Check pipe sizing recommendations for maximum friction rate from
“Two – pipe Vacuum System ,” Item 2.1/8 – 1/2 psi. Check Table 28
to determine recommended maximum pressure drop for the supply
and return mains ( 1/2 psi for each ). Design friction rate = 1/3 .89 x
(1 /2 + 1/2 ) = 1/4 psi per 100 ft. The supply main is sized by starting
at the last unit “G” and adding each additional load from unit “G” to
he boiler; use Table 25, The following tabulation results:

Convert the supply main fittings to equivalent lengths of pipe
and add to the actual pipe length ,Table 11, page 17.

Equivalent pipe lengths
1 - 1 1/4 in. side outlet tee 7.0
2 - 1 1/4 in. ells 4.6
1 – 2 in. reducing tee 4.7
1 – 2 in. run of tee 3.3

2 – 2 in. ells 6.6
1 – 2 1/2 in. reducing tee 5.6
1 – 2 1/2 in. run of tee 4.1
1 – 2 1/2 in. ell 6.0
2 – 3 in. ells                15.0
1 – 3 in. reducing tee  7.0

        Actual pipe length  115.0
Total equivalent length               172.6 ft

Pressure drop for the supply main is equal to the equivalent
length times pressure drop per 100 ft:

172.6 x .25 / 100  =  .43 psi
This is within the recommended maximum pressure drop (1 psi)
for the supply.
The branch connection for Fig. 97 is sized in a similar manner at
the same friction rate.
From Table 27 the horizontal runout pipe size for a load of 72 lb is
21/2 in. and the vertical riser size is 2 in.
Convert all the fittings to equivalent pipe lengths , and add to the
actual pipe length.

Equivalent pipe lengths
        1 – 21/2 in. 45 ° ell 3.2
        1 – 21/2 in. 90 ° ell 4.1
        1 – 2 in. 90 ° ell 3.3
        1 – 2 in. gate valve 2.3
        Actual pipe length                11.0
        Total equivalent length                23.9 ft.
Pressure drop for branch runout and riser is

23.9 x .25 / 100 = .060 psi
The vacuum return main is sized from Table 26 by starting at the
last unit “G” and adding each additional load between unit “G”
and the boiler.
Each riser – 72 lb per hr, 3/4 in.

Convert the return main fittings to equivalent pipe lengths and add
to the actual pipe length , Table 11 ,  page 17.

Equivalent pipe lengths
1 – 3/4  in. run of tee 1.4
5 – 3/4 in. 90 ° ells 7.0
1 – 1 in. reducing tee 2.3
1 – 1 in. run of tee 1.7
2 – 1 in. 90 ° ells 3.4
1 - 1 1/4 in. reducing tee 3.1
3 – 1 1/4 in. 90 ° ells 6.9
1 - 1 1/4 in. run of tee 2.3
Actual pipe length              133.0
Total equivalent length              161.1 ft.
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Pressure drop for the return equals
161.1 x .25 / 100 = .404 psi

Total return pressure drop is satisfactory since it is within the
recommended maximum pressure drop (1/8 – 1 psi) listed in the two–
pipe vacuum return system. The total system pressure drop is equal
to

.430 + .060 + .404 = .894 psi
This total system pressure drop is within the maximum 2 psi
recommended ( 1 psi for supply and 1 psi for return ) .

PIPING APPLICATION
The use and selection of steam traps, and condensate

and vacuum return pumps are presented in this section.
Also, various steam piping diagrams are illustrated to

familiarize the engineer with accepted piping practice.
STEAM TRAP SELECTION

The primary function on a steam trap is to hold steam
in a heating apparatus or piping system and allow
condensate and air to pass. The steam remains trapped
until it gives up its latent heat and changes to condensate.
The steam trap size depends on the following:

1. Amount of condensate to be handled by the trap,
lb / hr.

2. Pressure differential between inlet and discharge
at the trap.

3. Safety factor used to select the trap.
Amount of Condensate

The amount of condensate depends on whether the
trap is used for steam mains or risers, or for the heating
apparatus.

The selection of the trap for the steam mains or risers
is dependent on the pipe warm – up load and radiation

load from the pipe. Warm – up load is the condensate
which is formed by heating the pipe surface when the
steam is first turned on. For practical purposes the final
temperature of the pipe is the steam temperature. Warm
- up load is determined from the following equation:

C 1 = 
Where:

C 1 = Warm – up condensate, lb / hr
W = Total weight of pipe, lb ( Table 2 and 3, 

   pages 2 and 3 )
tf = Final pipe temperature, F ( steam temp )
ti   = Initial pipe temperature, F ( usually room 

    temp )
.114 = Specific heat constant for wrought iron or 

    steel pipe ( .092 for copper tubing )
hI = Latent heat of steam , Btu / lb ( from steam 

    tables )
T = Time for warm – up, hr
The radiation load is the condensate formed by

unavoidable radiation loss form a bare pipe. This load is
determined from the following equation and is based on
still air surrounding the steam main of riser:

C2  =
Where  :

C2 = Radiation condensate, lb / hr
L = Linear length of pipe, ft
K = Heat transmission coefficient, Btu/(hr)(linear 

ft)(deg F diff between pipe and surrounding 
air), Table 54, Part I

tf , ti , hI explained previously

hl x T
W x (tf – ti) x .114

L x K x (tf – ti)
hl
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The radiation load builds up as the warm – up load
drops off under normal operating conditions. The peak
occurs at the mid – point of the warm – up cycle.
Therefore, one – half of the radiation load Is added to
warm – up load to determine the amount of condensate
that the trap handles.
Pressure Differential

The pressure differential across the trap is determined
at design conditions. If a vacuum exists on the discharge
side of the trap, the vacuum is added to the inlet side
pressure to determine the differential.
Safety Factor

Good design practice dictates the use of safety
factors in steam trap selection. Safety factors from 2 to 1 to
as high as 8 to 1 may be required, and for the following
reasons:

1. The steam pressure at the trap inlet or the back 
pressure at the trap discharge the steam trap 
capacity.

2. If the trap is sized for normal operating load, 
condensate may back up into the steam lines or 
a p pa ra tu s  dur i ng  s ta r t  –  up  o r  warm –  up  
operation.

3. It the steam trap is selected to discharge a full 
and continuous steam of water, the air could not 
vented from the steam.

The following guide is used to determine the safety
factor:

When the steam trap is to be used in a high pressure
system, determine whether or not the system is to operate
under low pressure conditions at certain intervals such as
night time or weekends. If this condition is likely to occur,
then an additional safety factor should be considered to
account for the lower pressure drop available during night
time operation.

Example 5 illustrates the three concepts mentioned
previously in trap selection – condensate handled,
pressure differential and safety factor.
Example 5 – Steam Trap Selection for Dripping Supply Main to
Return Line

Given:
Steam main – 10 in. diam steel pipe, 50 ft long
Steam pressure – 5  psig ( 227 F )
 Room temperature – 70 F db ( steam main in space )
 Warm – up time – 15 minutes
Steam trap to drip main into vacuum return line
(2 in. vacuum gage design)

Find:
1. Warm – up load.
2. Radiation load.
3. Total condensate load.
4. Specifications for steam trap at end of supply main.

Solution:
1. The warm – up load is determined from the following

equation:

C1 =

Where: W = 40.48 lb / ft x 50 ft ( Table 2 )
        tf = 227 F

ti = 70 F
hl = 960 Btu/ lb ( from steam tables)
T = .25 hr
C1 = 2024 x ( 227 – 70 ) x .114

                     960 x .25
= 150 lb / hr of condensate

2. The radiation load is calculated by using the following
equation:

C2 =

Where: L = 50 ft
K = 6.41 Btu / (hr) (linear foot)

( deg F diff between pipe and air)
    from Table 54 , Part I

tf = 227 F
ti = 70 F
hI = 960 Btu / lb ( from steam tables)
C2 = 50 x 6.41 x (227 – 70)

                        960
= 52 lb / hr of condensate

3. The total condensate load for steam trap selection is
equal to the warm – up load plus one half the radiation
load.
Total condensate load = C1 + ( 1/2  x C2)

= 150+(1/2 x 52)
= 176 lb / hr

4. Steam trap selection is dependent on three factors: 
condensate handled, safety factor applied to total 
condensate load, and pressure differential across the 
steam trap. The safety factor for a steam trap at the end
of the main is  3  to  1 f rom the table on this page. 
Applying the 3 to 1 safety factor to the total condensate 

hl x T
W x (tf – ti) x .114

L x K x (tf – ti)
hl
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load, the steam trap would be specified to handle 3 x 176 
or 528 lb / hr of condensate.
The pressure di f ferent ia l  across the s team trap is 
determined by the pressure at the inlet and discharge of 
the steam trap.

Inlet to trap = 5 psig
Discharge of trap = 2 in. vacuum (gage)

When the discharge is under vacuum conditions, the 
discharge vacuum is added to the inlet pressure for the 
total pressure differential.

Pressure differential  = 6psi ( approx )
Therefore the steam trap is selected for a differential 
pressure of 6 psi and 528 lb / hr of condensate.

STEAM TRAP TYPES
The types of traps commonly used in steam systems

are:
Float Flash
Thermostatic Impulse
Float & thermostatic Lifting
Upright bucket Boiler return or
Inverted bucket                   alternating receiver
The description and use of these various traps are

presented in the following pages.

Float Trap
The discharge from the float trap is generally

continuous. This type ( Fig. 99 ) is used for draining
condensate from steam headers , steam heating coils,
and other similar equipment. When a float trap is used
for draining a low pressure steam system, it should be
equipped with a thermostatic air vent.
Thermostatic Trap
The discharge from this type of trap is intermittent.
Thermostatic traps are used to drain condensate from
radiators, convectors, steam heating coils, unit heaters
and other similar equipment. Strainers are normally
installed on the inlet side of the steam trap to prevent dirt
and pipe scale from entering the trap. On traps used for
radiators or convectors, the strainer is usually omitted.
Fig. 100 shows a typical thermostatic trap of the bellows
type and Fig. 101 illustrates a disc type thermostatic
trap.

When a thermostatic trap is used for a heating
apparatus, at least 2 ft of pipe are provided ahead of the
cool in the pipe rather than in the coil, and thus
maintains maximum  coil efficiency.

Thermostatic traps are recommended for low
pressure systems up to a maximum of 15 psi. When
used in medium or high pressure systems, they must be
selected for the specific design temperature. In addition,
the system must be operated continuously at that design
temperature. This means no night setback.
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Float and Thermostatic trap
This type of trap is used to drain condensate from

blast heaters, steam heating coils, unit heaters and other
apparatus. This combination trap (Fig. 102) is used where
there is a large volume of condensate which would not
permit proper operation of a thermostatic trap . Float and
thermostatic traps are used in low pressure heating
systems up to a maximum of 15 psi.

For medium and high pressure systems, the same
limitations as outlined for thermostatic traps apply.
Upright Bucket Trap

The discharge of condensate from this trap (Fig. 103 )
is intermittent. A differential pressure of a t least 1 psi
between the inlet and the outlet of the trap is normally
required to lift the condensate from the bucket to the
discharge connection. Upright bucket traps are commonly
used to drain condensate and air from the blast coils,
steam mains, unit heaters and other equipment. This trap
is well suited for systems that have pulsating pressure.
Inverted Bucket Trap

The discharge from the inverted bucket trap ( Figs.
104 and 105 ) is intermittent and requires a differential
pressure between the inlet and discharge of the trap to lift
the condensate from the bottom of the trap to the
discharge connection.

Bucket traps are used for draining condensate and
air from blast coils, unit heaters and steam heating coils.
Inverted bucket traps are well suited for draining
condensate from steam lines or equipment where an
abnormal amount of air is to b discharged and where
dirt may drain into the trap.
Flash Trap

The discharge from a flash trap ( Fig. 106 ) is
intermittent. This type of trap is used only if a pressure
differential of 5 psi or more exists between the steam
supply andcondensate return. Flash traps may be used
with unit heaters, steam heating coils, steam lines and
other similar equipment.
Impulse Trap

Under normal loads the discharge from this trap
(Fig. 107) is intermittent. When the load is heavy,
however, the discharge is continuous. This type of trap
may be used on any equipment where the pressure at
the trap outlet does not exceed 25 % of the inlet
pressure.
Lifting Trap

The lifting trap ( Fig. 108 ) is an adaption of the
upright bucket trap. This trap can be used on all steam
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heating systems up to 150 psig. There is an auxiliary inlet
for high pressure steam, as illustrated in the figure, to force
the condensate to a point above the trap. This steam is
normally at a higher pressure than the steam entering at
the regular inlet.
Boiler Return Trap or Alternating Receiver

This type of trap is used to return condensate to a low
pressure boiler. The boiler return trap (Fig. 109) does not
hold steam as do other types, but is an adaption of the
lifting trap. It is used in conjunction with a boiler to prevent
flooding return main when excess pressure prevents
condensate from returning to the boiler by gravity. The
boiler trap collects condensate and equalizes the boiler
and trap pressure, enabling the condensate in the trap to
flow back to the boiler by gravity.
CONDENSATE RETURN PUMP

Condensate return pumps are used for low pressure,
gravity return heating systems. They are normally of the
motor driven centrifugal type and have a receiver and
automatic float control. Other types of condensate return
pumps are the rotary, screw, turbine and reciprocating
pump

The condensate receiver is sized to prevent large
fluctuations of the boiler water line. The storage capacity
of the receiver is approximately 1.5 times the amount of
condensate returned per minute, and the condensate
pump has a capacity of 2.5 to 3 times normal flow. This
relationship of pump and receiver to the condensate
takes peak condensation load into account.
VACUUM PUMP

Vacuum pumps are used on a system where the
returns are under a vacuum. The assembly consists of a
receiver, separating tank and automatic controls for
discharging the condensate to the boiler.

Vacuum pumps are sized in the same manner as
condensate pumps for a delivery of 2.5 to 3 times the
design condensing rate.
PIPING LAYOUT

Each application has its own layout problem with
regard to the equipment location, interference with
structural members, steam condensate, steam trap and
drip locations. The following steam piping diagrams
show the various principles involved. The engineer must
use judgment in applying these principles to the
application.

Gate valves shown in the diagrams should be used
in either the open or closed position, never for throttling.
Angle and globe valves are recommended for throttling
service.

In a one-pipe system gate valves are used since
they do not hinder the flow of condensate. Angle valves
may be used when they do not restrict the flow of
condensate.

All the figures show screwed fittings. Limitations for
other fittings are described in Chapter 1.

Figures 103 thru 109 from Heating Ventilating Air Conditioning Guide 1959. Used by permission.
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Steam Riser
Figures 110 and 111 illustrate steam supply risers

connected to mains with runouts. The runout in Fig. 110 is
connected to the bottom portion of the main and is pitched
toward the riser to permit condensate to drain from the
main. This layout is used only when the riser is dripped. If
a dry return is used, the riser is dripped thru a steam trap.
If a wet retrun is used, the trap is omitted.

Fig. 111 shows a piping diagram when the steam riser
is not dripped. In this instance the runout is connected to
the upper portion of the steam main and is pitched to carry
condensate from the riser to the main.
Prevention of Water Hammer

If the steam main is pitched incorrectly when the riser
is not dripped, water hammer may occur as illustrated in
Fig. 112. Diagram “a” shows the runout partially filled with
condensate but with enough space for steam to pass. As
the amount of condensate increases and the space
decreases, a wave motion is started as illustrated in
diagram “b”. As the wave or slug of condensate is driven
against the turn in the pipe (diagram “c”), a hammer noise
is caused. This pounding may be of sufficient force to split
pipe fittings and damage coils in the system.

The following precautions must be taken to prevent
water hammer:

1. Pitch pipes properly.
2. Avoid undrained pockets.
3. Choose a pipe size that prevents high steam

velocity when condensate flows opposite to the
steam.

Runout Connection to Supply Main
Figure 113 illustrates two methods of connecting

runouts to the steam supply main. The method using a
45 degrees ell is somewhat better as it offers less
resistance to steam flow.
Expansion and Contraction
Where a riser is two or more floors in height, it should be
connected to the steam main as shown in Fig. 114. Point
(A) is subject to a twisting movement as the riser moves
up and down.
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Figure 115 shows a method of anchoring the steam
riser to allow for expansion and contraction. Movement
occurs at (A) and (B) when the riser moves up and down.
Obstructions

Steam supply mains may be looped over obstructions
if a small pipe is run below the obstruction to take care of
condensate as illustrated in Fig. 116. The reverse
procedure is followed for condensate return mains as
illustrated in Fig. 117. The larger pipe is carried under the
obstruction.
Dripping Riser

A steam supply main may be dropped abruptly to a
lower level without dripping if the pitch is downward. When
the steam main is raised to a higher level, it must be
dripped as illustrated in Fig. 118.

This diagram shows the steam main dripped into a
wet return.

Figure 119 is one method of dripping a riser thru a
steam trap to a dry return. The runout to the return main
is pitched toward the return main.

Figures 116 thru 118 from Heating Ventilating Air Conditioning Guide 1959. Used by permission.
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Vacuum Lift
As described under vacuum systems, a lift is

sometimes employed to lift the condensate up to the inlet
of the vacuum pump. Figs. 120 and 121 show a one-step
and two-step lift respectively. The one-step lift is used for a
maximum lift of 5 ft. For 5 to 8 ft. a two-step lift is required.
Steam Coils

Figures 122 thru 131 show methods of piping steam
coils in a high or low pressure or vacuum steam piping
system. The following general rules are applicable to
piping layout for steam coils used in all system.:

1. Use full size coil outlets and return piping to the
steam trap.

2. Use thermostatic traps for venting only.
3. Use a 15 °check valve only where indicated on

the layout.
4. Size the steam control valve for the steam load,

not for the supply connection.
5. Provide coils with air vents as required, to

eliminate non-condensable gases.
6. Do not drip the steam supply mains into coil

sections
7. Do not pipe tempering coils and reheat coils to

a common steam trap.
8. Multiple coils may be piped to a common steam

trap if they have the same capacity and the
same pressure drop and if the supply is
regulated by a control valve.
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Piping Single Coils
Figure 122 illustrates a typical steam piping diagram

for coils used in either a high or medium pressure system.
If the return line is designed for low pressure or vacuum
conditions and for a pressure differential of 5 psi or greater
from steam to condensate return, a flash trap may be
used.

Low pressure steam piping for a single coil is
illustrated in Fig. 123. This diagram shwos an open air
relief located after the steam trap close to the unit. This
arrangement permits non-condensable gases to vent to
the atmosphere.

.Figure 124 shows the piping layout for a steam coil in
a vacuum system. A 15° check valve is used to equalize
the vacuum across the steam trap.
Dripping Steam Supply Main

A typical method of dripping the steam supply main to
the condensate return is shown in Fig. 125.
Steam Bypass Control

Frequently a bypass with a manual control valve is
required on steam coils. The piping layout for a control
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bypass with a plug type globe valve as the manual control
is shown in Fig. 126.

Lifting Condensate to Return Main
A typical layout for lifting condensate to an overhead

return is described in Fig. 127. The amount of lift possible
is determined by the pressure differential between the
supply and return sides of the system. The amount of lift is

not to exceed one foot for each pound of pressure
differential. The maximum lift should not exceed 8 ft.
Piping Multiple Coils

Figures 128 thru 131 show piping layouts for high
pressure, low pressure and vacuum systems with
multiple coils. If a control valve is not used, each coil
must have a separate steam trap as illustrated in Fig.
131. This particular layout may be used for a low
pressure of vacuum system.

If the coils have different pressure drops or
capacities, separate traps are required with or without a
control valve in the system.

Boiler Piping Figure 132 illustrates a suggested
layout for a steam plant. This diagram shows parallel
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boilers and a single boiler using a “Hartford Return Loop.”

FREEZE-UP PROTECTION
When steam coils are used for tempering or

preheating outdoor air, controls are required to prevent
freezing of the coil.

In high, medium, low pressure and vacuum systems,
an immersion thermostat is recommended to protect the
coil. This protection device controls the fan motor and the
outdoor air damper. The immersion thermostat is actuated
when the steam supply fails or when the condensate
temperature drops below a predeterrmined level, usually
120 F to 150 F. The thermostat location is shown in Fig.
133.

The 15° check valve shown in the various piping
diagrams provides a means of equalizing the pressure
within the coil when the steam supply shuts off. This
check valve is used in addition to the immersion
thermostat. The petcock for continuous venting removes
non-condensable gases from the coil.

 Non-condensable gases can restrict the flow of
condensate, causing coil freeze-up.

On a low pressure and vacuum steam heating
system, the immersion thermostat may be replaced by a
condensate drain with athermal element (Fig. 134 )
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The thermal element opens and drains the coil when the
condensate temperature drops below 165 F. Condensate
drains are limited to a 5 lb pressure.

The following are general recommendations in laying
out systems handling outdoor air below 35 F:

1. Do not use overhead returns from the heating unit.
2. Use a strainer in the supply line to avoid collection

of scale or other foreign matter in distributing
orifices of nonfreeze preheater.

3. Refer to Part 2, Chapter 1, “Preheat coils” ; and
Part  6, Chapter 4, “ coil Freeze-Up Protection.”
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A
Accessories

Water piping, see water piping
Piping accessories
Water piping, see water piping
accessories
Steam piping, see steam
piping accessories

Air vents, water piping systems
Air washer, water piping
Alternating receiver steam trap
Angel valves

Bonnet and body connections
Disc construction
Pipe connections
Pressure loss
Table 10
Stem operation

B
Back pressure valves

Chart 25
Boiler piping layout
Boiler return steam trap
Bypass control, steam piping

C
Charging connections, refrigerant
Check valves

Bonnet and body connections
disc construction
Lift
Pipe connections
Pressure loss
Table 10
Refrigerant piping systems
Swing

Closed water piping systems
Codes

Refrigerant piping
Steam piping
Water piping

Coil piping
Direct expansion
Drain line,
Freeze-up protection
Horizontal multiple water coils
Multiple circuit refrigerant coils
Multiple steam coils
Multiple water coils
Refrigerant
Sprayed
Steam
Steam bypass
Vertical multiple water coils
Water

Compressors
Discharge line
Hot gas loop,
Interconnecting
Suction line

Condensate piping
Evaporative condenser
Line sizin
Table 17
Liquid receiver
Steam return

Condensate return pump
Condenser

Evaporative
Liquid receiver
Multiple shell and tube
Receiver vent line sizing
Table 21
Refrigerant
Shell and tube
Water

Contraction of steam piping
Cooler

Refrigerant
Water
Cooling tower piping
Copper tubing

Condensate lines, see
refrigerant pipe sizing
Connections to valves and
fittings
Expansion
Table 5
Expansion loops
Expansion offsets
Table 6
Hot gas lines, see refrigerant
pipe sizing
Liquid lines, see refrigerant
pipe sizing
Materials
Table 1
Physical properties
Table 3
Refrigerant systems, see
refrigerant pipe sizing
Service limitations
Table 4
Steam systems, see steam
pipe sizing
Suction lines, see refrigerant
pipe sizing
Supports
Table 8
Vibration
Water friction loss
Chart 5
Water systems, see water pipe
sizing

D
Direct expansion coil piping
Discharge line

Accessories also refrigerant
piping accessories
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Compressor
Design
Double risers
Insulation
Oil entrainment
table 19
Risers
Sizing (cooper
Chart 8
Chart 14
Chart 17
Sizing (steel)
Chart 11
Chart 20
Discharge risers, see
discharge line
Double hot gas risers, see hot
gas line
Double suction risers, see
suction line
Drain line
Driers
Dry expansion cooler

E
Erosion, maximum water velocity

Table 14
Expansion

Flexible metal hose
Flexible rubber hose
Joints
Loops
Chart 1
Offsets
Chart 2
Table 6
Pipe,
Table 5
Steam piping
Water
Table 15

Expansion tank
Closed
Open
Piping layout
Sizing

Expansion valves
Evaporative condenser piping to

receiver
Evaporators

Dry expansion coolers

Flooded coolers
Multiple circuit
Suction line loops

F
Filters-driers
Fittings

Elbow
Material
Table 1
Pipe connections
Pressure loss
Table 11
Table 12
Service limitations
Table 4
Tee
Unions

Flash steam trap
Flexible metal hose
Flexible rubber hose
Float and thermostatic steam trap
Float steam trap
Flooded coolers
Freeze-up protection, steam
Friction

Refrigerant
Steam
Water

G
Gages
Gate valve

Bonnet and body construction
Disc construction
Material
Table 1
Pipe connections
Pressure loss
Table 10
Refrigerant
Service limitations
Table 4
Stem operation

Globe valve
Bonnet and body construction
Disc construction
Material
Table 1

Pipe connections
Pressure loss
Table 10
Refrigerant
Service limitations
Table 4
Stem operation

H
High pressure steam system,

two-pipe, see two-pipe high
pressure system,

Hot gas line
Accessories also see
refrigerant piping accessories
Compressor
Design
Double risers
Insulation
Oil entrainment
Table 19
Risers
Sizing (cooper
Chart 8
Chart 14
Chart 17
Sizing (steel)
Chart 11
Chart 20

Hot gas loop, compressors
Hot gas risers, see hot gas line

I
Impulse steam trap
Indicators, liquid line, see liquid line

indicators
Insulation, refrigerant
Interchanger, liquid suction, see

liquid suction interchanger
Inverted bucket steam trap

L
Lift check valve, see check valve
Lifting steam trap
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Liquid line
Accessories also see
refrigerant piping accessories
Condensate
Table 17
Design
Indicators
Friction drop
Sizing (cooper)
Chart 9
Chart 13
Chart 18
Sizing (steel)
Chart 12
Chart 21
Static head
Subcooling
CHART 22

Liquid suction interchanger
Shell and coil
Shell and tube
Tube-in-tube
Charts 23, 24

Loop
Copper expansion
Steel expansion
Chart 1
Low pressure steam system
One-pipe, see one-pipe low
pressure system
Two-pipe, see two-pipe low
pressure system

M
Material

Fittings
Table 1
Pipe,
Table 1

Medium pressure steam system,
two-pipe, see two-pipe
medium pressure system

Metal flexible hose
Mufflers, hot gas line

O
Offsets

Copper expansion
Steel expansion

Chart 2
Table 6

Oil return
Hot gas risers
Table 19
Refrigerant
Suction risers
Table 18

Oil separators
Once-thru water piping systems
One-pipe steam systems

Design
Sizing
Table 25
Table 27

Open water piping systems

P
Pipe, piping

Accessories, see refrigerant
piping accessories, steam
piping accessories, and water
piping accessories
Air washer
Boilers
Codes
Coils, see coil piping
Compressor discharge
Compressor hot gas loop
Compressor interconnections
Compressor suction
Compressor interconnections
Compressor suction
Connections to valves and
fittings
Condenser (refrigerant side
Condenser (water side)
Coolers (refrigerant side)
Coolers (water side)
Cooling towers
Copper, see copper tubing
Diversity, water system
Chart 6
Evaporative condenser
Expansion
Table 5
Expansion joints
Expansion loops
Expansion offsets
Expansion tank
Fittings, see fittings

Pipe, piping (cont )
Flexible metal hose
Flexible rubber hose
Freeze-up protection, steam
Friction *refrigerant), see
refrigerant piping design
Friction  (steam), see
steam piping design
Friction (water), see water
piping design
Insulation, refrigerant lines
Layout (refrigerant), see
refrigerant piping layout
Layout (steam), see steam
piping layout
Layout(water), see water
piping layout
Liquid receiver condensate
line
Material
Table 1
Multiple circuit refrigerant
coils, see refrigerant piping
layout
Multiple compressors
Multiple steam coils, see
steam piping layout
Multiple shell and tube
condensers
Physical properties of copper
Table 3
Physical properties of steel
Table 2
Pumps
Receiver vent line
Table 21
Refrigerant systems, see
refrigerant piping design
Service limitations
Table 4
Shell and tube condensers
Sizing refrigerant lines, see
refrigerant pipe sizing
Sizing water lines, see water
pipe sizing
Steam boilers
Steam coils, see steam piping
layout
Steam condensate
Steam systems, see steam
piping design
Steam risers
Supports (dead level)
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Table 7, 8
Supports (pitched)
Table 22
System design
Valves, see valves
Vibration isolation
Water coils, see water piping
layout
Water systems, see water
piping design

Plug cocks
Pipe connections
Pressure loss
Table 10

Pressure loss
Fittings
Table 11
Table 12
Valves
Table 10

Pumps
Condensate retur
Selection
Vacuum
Water piping layout

R
Recirculating water piping system
Refrigerant charging connections
Refrigerant pipe sizing

Condensate line
Table 17
Discharge riser
Double discharge riser, 3-60
Double suction riser
Friction drop
Hot gas line (copper)
Chart 8
Chart 1
Chart 17
Hot gas line (steel)
Chart 11
Chart 20
Hot gas riser
Liquid line (copper)
Chart 9
Chart 15
Chart 18
Liquid line (steel)
Chart 12
Chart 21

Liquid line subcooling
Chart 22
Material
Table 1
Oil entrainment (hot gas riser)
Table 19
Oil entrainment (suction riser)
Table 18
Pressure drop effect on
capacity
Table 16
Receiver vent line
Table 21
Refrigerant charge
Table 20
Static head
Suction line (copper)
Chart 7
Chart 13
Chart 16
Suction line (steel)
Chart 10
Chart 19
Suction risers
Vent lines
Table 21
Weight of refrigerant
Table 20

Refrigerant piping accessories
Back pressure valve
Chart 25
Charging connections
Check valve
Driers
Expansion valve
Filter-driers
Insulation,
Liquid line indicators
Liquid suction interchanger
Mufflers
Oil separators
Shell and coil exchanger
Shell and tube exchanger
Solenoid valves
Strainers
Tube-in-tube interchanger
Charts 23, 24

Refrigerant piping design
Codes
Condensate lines
Copper pipe physical
properties
Table 3

Discharge line
Discharge riser
Double discharge riser
Double suction riser
Hot gas line
Hot gas riser
Friction loss
Friction loss effect on capacity
Table 16
Liquid line
Liquid subcooling
Material
Table 1
Oil return
Principles
Refrigerant charge
Static head
Steel pipe physical properties
Table 2
Suction line
Suction risers
Valves
Table 9
Vibration

Refrigeration piping layout
Coils
Coolers
Compressors
Compressor discharge
Compressor suction
Condenser
Dry expansion codes
Evaporators
Flooded coolers
Interconnecting compressors
Multiple circuit coils
Multiple compressors
Multiple shell and tube
condenser
Receiver
Receiver vent lines
Shell and tube condenser
Suction line loop
Vibration

Refrigerant valves
Refrigerant weight

Table 20
Relief valves
Risers, dripping steam line
Rubber flexible hose
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S
Solder joints, service limitations

Table 4
Solenoid valves
Static head, liquid line
Steam coils, see steam piping

layout
Steam pipe sizing

General design
Chart 27
Chart 26
Chart 27
Material
Table 1
One-pipe low pressure system
Table 25
Table 27
Two-pipe low pressure system
Table 25
Table 26
Table 27
Table 28
Two-pipe medium pressure
system
Table 24
Two-pipe vacuum system
Table 25
Table 26
Table 27
Table 28
Two-pipe vapor system
Table 25
Table 26
Table 27
Table 31

Steam piping design
Arrangements
Codes and regulations
Condensate return
Expansion
Table 5
Material
Table 1
One-pipe system
Physical properties, copper
tubing
Table 3
Physical properties, steel pipe
Table 2
Pressure conditions
Service limitations
Table 4

Steam piping design (cont.)
Supports
Table 22
Two-pipe system
Vibration
Water conditioning

Steam piping layout
Avoiding obstruction
Boiler
Bypass control
Coils
Contraction
Dripping riser
Dripping supply main
Expansion
Freeze-up protection
Lifting condensate to return
Multiple coils
Multiple coil
Risers,
Runout to supply main
Single coils
Water hammer

Steam traps
Alternating receiver
Amount of condensate
Boiler return
Flash
Float
Float and thermostatic
Impulse
Inverted bucket
Lifting
Pressure differential
Safety factor
Selection
Thermostatic
Upright bucket

Steel pipe
Connections to valves and
fittings
Discharge lines, see
refrigerant pipe sizing
Expansion,
Table 5
Expansion loops
Chart 1
Expansion offsets
Chart 2
Hot gas line, see refrigerant
pipe sizing
Liquid lines, see refrigerant

pipe sizing
Material
Table 1
Physical properties
TABLE 2
Service limitation
Steam lines, see steam pipe
sizing
Suction line, see refrigerant
pipe sizing
Supports (dead level)
Table 7
Supports (pitched)
Table 22,
Vibration
Water lines, see water pipe
sizing

Strainers
Refrigerant systems
Water systems

Subcooling, liquid line
Chart 22

Suction line 
Accessories, 3-77,
also see refrigerant piping
accessories
Coil connections
Compressor
Design
Double risers
Isulation
Loops
Oil entrainment
Table 18
Risers,
Sizing (copper)
Chart 7
Chart 13
Chart 16
Sizing (steel)
Chart 10
Chart 19

Suction risers, see suction line
Supply steam mains
Supports

Copper tubing
Table 8
Steam piping
Table 22
Steel pipe
Table 7

Swing check valve, see check
valve
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T
Thermometers
Thermostatic steam trap
Traps, see steam trap
Tube condenser, see condenser
Tube condenser, see condenser
Tube-in-tube interchanger

Charts 23, 24
Tubing, copper, see copper tubing
Two-pipe steam systems

Design
High pressure
Table 23
Low pressure
Table 25
Table 26
Table 27
Table 28
Medium pressure
Table 24
Vacuum pressure
Table 25
Table 26, 3-88
Table 27
Table 28
Vapor pressure
Table 25
Table 26
Table 27
Table 28

U
Upright bucket steam trap

V
Vacuum pump
Vacuum system, two-pipe, see two

pipe steam system
Valves

Angle
Back pressure
Chart 25
Bonnet and body construction
Check
Connections
Construction details
Disc construction
Expansion

Gate
General purpose
Table 9
Globe
Lift check,
Location in system
Material
Table 1
Plug cock
Pressure losses
Table 10
Refrigerant
Relief
Service limitations
Table 4
Shut – off
Solenoid
Special service
Stem operation
Swing check
“Y”

Vapor system , two – pipe, see two
pipe system

Velocity, water piping
Table 13,14

Vent, water piping
Vent lines, receiver to condenser
Vibration

Design consideration
Refrigerant piping
Remedies or repairs

W
Water conditioning

Steam system
Water systems

Water expansion
Table 15

Water hammer
Water pipe sizing

Closed system (copper)
Chart 5
Closed system (steel)
Chart 3
Diversity
Chart 6
Erosion
Table 14
Friction
Open system (copper)
Chart 5

Open system (steel)
Chart 4
Velocity
Tables 13, 14

Water piping accessories
Air vents
Gages
Expansion tanks
Strainers
Thermometers

Water piping design
Closed system
Codes
Connections to valves and
fittings
Diversity
Erosion
Expansion
Fittings, see fittings
Friciton loss
Materials
Table 1
Once – thru system
Open system
Pump selection
Recirculating system
Return arrangement
Service limitations
Table 4
Supports (cooper)
Table 7
Supports (steel)
Table 8
Valves, see valves
Velocity
Vibration
Water conditioning

Water piping layout
Air washer
Closed expansion tank 
Coils
Condenser
Coolers
Cooling towers
Drain line
Expansion tank
Multiple air washers
Multiple coils
Multiple condensers
Multiple cooling towers
Multiple pumps
Open expansion tank
Pump
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Sprayed coil

Y
“Y” valve

bonnet and body construction
disc construction
material
table 1
pipe connections
pressure loss
table 10
service limitations
table 4
stem operation

www.HVAC-ENG.com



Fig. 1 – Take-off Too Close to Floor
Fig. 2 – Isolated Sheath Pipe Hanger
Fig. 3 – Weight Added to Dampen Vibration
Fig. 4 – Offsets to Avoid Obstructions
Fig. 5 – Tees
Fig. 6 – Angle Valve
Fig. 7 – Globe Valve
Fig. 8 – Gate Valve (Rising Steam)
Fig. 9 –  Welded Bonnet Construction
Fig. 10 – Flexible Wedge Disc Gate Valve
Fig. 11 - Gate Valve (Non Rising Stem)
Fig. 12 – Sliding Stem Gate Valve
Fig. 13 – Split Wedge Disc (Gate Valve)
Fig. 14 – Double Disc Parallel Seat (Gate Valve)
Fig. 15 – “ Y” Valve
Fig. 16 – Angle Valve With Needle Disc
Fig. 17 – Plug Cock
Fig. 18 – “ Y” Valve (Diaphragm Type)
Fig. 19 – Swing Check Valve
Fig. 20 – Lift Check Valve
Fig. 21 – Reverse Return Piping
Fig. 22 – Reverse Return Headers with Direct Return Risers
Fig. 23 – Direct Return Water Piping System
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Fig. 24 – Pipe Length Measurement
Fig. 25 – Header Piping
Fig. 26 – Horizontal Water Piping Layout
Fig. 27 – Supply Water Header
Fig. 28 – Supply Header Pipe Sizing
Fig. 29 – Strainer Location in Water Piping System
Fig. 30 – Chilled Water Piping for Coils (Automatic Control)
Fig. 31 – Chilled Water Piping for Coils (Manual Control)
Fig. 32 – Chilled Water Piping for Multiple Coils
Fig. 33 – Piping Layout for Vertical Multiple Coils
Fig. 34 – Piping Layout for Horizontal Multiple Coils (Unit –4 Shut-Off Valves)
Fig. 35 – Piping Layout for Horizontal Multiple Coils (Unit –2 Shut-Off Valves)
Fig. 36 – Piping Layout for Horizontal Multiple Coils (Unit –3 Shut-Off Valves)
Fig. 37 – Piping at a Water Cooler
Fig. 38 – Condenser Piping for a Once–Thru System
Fig. 39 – Alternate Drain Connection
Fig. 40 – Condenser Piping for a Cooling Tower
Fig. 41 – Multiple Condenser Cooling Water Piping (Refrigerant Connections Parallel)
Fig. 42 – Cooling Tower Piping for Constant Leaving Water Temperature

 (Condenser and Tower at same Level)
Fig. 43 – Cooling Tower Piping for Constant Leaving Water Temperature

 (Condenser Below Tower)
Fig. 44 – Multiple Cooling Tower Piping
Fig. 45 – Air Washer Piping
Fig. 46 – Air Washer Piping Using a Three-Way Control Valve
Fig. 47 - Air Washer Piping Using a Two-Way Control Valve
Fig. 48 – Air Washer Return Connections at Different Elevations
Fig. 49 – Air Washer Return Connections at the Same Level
Fig. 50 – Spray Water Coil with Water Heater
Fig. 51 – Pump Suction Connections
Fig. 52 – Multiple Pump Piping
Fig. 53 – Gage Location at a Pump
Fig. 54 – Open Expansion Tank Piping
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Fig. 55 – Closed Expansion Tank Piping
Fig. 56 – Piping for Drain Pans
Fig. 57 – Method of Overcoming Ill Effects of System High Static Head
Fig. 58 – Double Suction Riser Construction
Fig. 58A – Suction Line Layout
Fig. 58B – Double Suction Riser
Fig. 59 – Double Hot Gas Riser
Fig. 60 – Standard Arrangements of Suction Line Loops
Fig. 61 – DX Coil Using Suction Connections to Drain Coil, Suction Header Below Coil
Fig. 62 - DX Coil Using Suction Connections to Drain Coil, Suction Header Above Coil
Fig. 63 - DX Coil Using Oil Return Drain Connections to Drain Oil
Fig. 64 – Dry Expansion Cooler
Fig. 65 – Hookup for Large DX
Fig. 66 – Flooded Cooler
Fig. 67 – Layout of Suction and Hot Gas Lines for Multiple Compressor Operation
Fig. 68 – Hot Gas Loop
Fig. 69 – Interconnecting Piping for Multiple Condensing Units
Fig. 70 – Hot Gas and Liquid Piping, Single Coil Unit Without Receiver Vent
Fig. 71 – Hot Gas and Liquid Piping, Single Coil Unit with Receiver Vent
Fig. 72 - Hot Gas and Liquid Piping, Multiple Double Coil Unit
Fig. 73 – Subcooling Coil Piping
Fig. 74 - Liquid Line From Condenser or Receiver to Evaporator Located Below
Fig. 75 - Liquid Piping to Insure Condensate Flow From Interconnected Condensers
Fig. 76 – Liquid Suction Interchanger
Fig. 77 – Eccentric Three-Pipe Liquid Suction Interchanger
Fig. 78 – Double Port Liquid Indicator
Fig. 79 – Angle Cartridge Type Strainer
Fig. 80 – Angle Type Drier-Strainer
Fig. 81 – Three-Vale Bypass for Refrigerant Drier
Fig. 82 – Combination Moisture and Liquid Indicator
Fig. 83 – Filter-Drier
Fig. 84 – Refrigerant Charging Connections
Fig. 85 – Preferred Refrigerant Flow in Coil Circuit to Obtain Superheat (Plan View)
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Fig. 86 – Back Pressure Valve
Fig. 87 – Installation Using Back Pressure Valves
Fig. 88 – Oil Separator Location
Fig. 89 – Hot Gas Muffler and Location in Hot Gas Line
Fig. 90 – One-Pipe, Upfeed Gravity System
Fig. 91 – One-Pipe, Gravity System with Dripped Risers
Fig. 92 – One-Pipe, Downfeed Gravity System
Fig. 93 – Two-Pipe Gravity System
Fig. 94 – Vapor System
Fig. 95 – Mechanical Vacuum System
Fig. 96 – Low Pressure Steam Supply Main
Fig. 97 – Low Pressure Runout and Riser
Fig. 98 – Low Pressure Vacuum Return
Fig. 99 – Float Trap
Fig. 100 – Thermostatic Trap, Bellows Type
Fig. 101 – Thermostatic Trap, Disc Type
Fig. 102 – Typical Float and Thermostatic Trap
Fig. 103 – Upright Bucket Trap
Fig. 104 – Inverted Bucket Trap
Fig. 105 – Inverted Bucket Trap with Guide
Fig. 106 – Flash Trap
Fig. 107 – Impulse Trap
Fig. 108 – Lifting Trap
Fig. 109 – Boiler Return Trap or Alternating Receiver
Fig. 110 – Connection to Dripped Riser
Fig. 111 – Connection to Riser (Not Dripped)
Fig. 112 – Water Hammer
Fig. 113 – Runout Connection
Fig. 114 – Riser Connected to Allow for Expansion
Fig. 115 – Riser Anchor
Fig. 116 – Supply Main Loops
Fig. 117 – Return Main Loop
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Fig. 118 –Dripping Steam Main
Fig. 119 – Riser Dripping to Dry Return
Fig. 120 – One-Step Condensate Lift
Fig. 121 – One-Step Condensate
Fig. 122 – High or Medium Pressure Coil Pipiing
Fig. 123 – Single Coil Low Pressure Piping Gravity Return
Fig. 124 – Vacuum System Steam Coil Piping
Fig. 125 – Dripping Steam Supply to Condensate Return
Fig. 126 – Bypass with Manual Control
Fig. 127 – Condensate Lift to Overhead Return
Fig. 128 – Multiple Coil High Pressure Piping
Fig. 129 – Multiple Coil Low Pressure Piping Gravity Return
Fig. 130 – Multiple Coil Low Pressure Vacuum System Piping
Fig. 131 – Low Pressure or Vacuum System Steam Traps
Fig. 132 – “Hartford" Return Loop
Fig. 133 – Freeze-up Protection for High, Medium, Low Pressure, and Vacuum Systems
Fig. 134 – Freeze-up Protection for Low Pressure, and Vacuum Systems

www.HVAC-ENG.com



TABLE 1 – RECOMMENDED PIPE AND FITTING MATERIALSA FOR VARIOUS SERVICE
TABLE 2 – PHYSICAL PROPERTIES OF STEEL PIPE
TABLE 3 – PHYSICAL PROPERTIES OF COPPER TUBING
TABLE 4 – RECOMMENDED MAXIMUM SERVICE PRESSURE FOR VARIOUS SOLDER JOINTS
TABLE 5 – THERMAL LINEAR EXPANSION OF COPPER TUBING AND STEEL PIPE
TABLE 6 – STEEL EXPANSION OFFSETS
TABLE 7 – RECOMMENDED SUPPORT SPACING FOR SCHEDULE 40 PIPE
TABLE 8 – RECOMMENDED SUPPORT SPACING FOR COPPER TUBING
TABLE 9 – GENERAL PURPOSE VALVES
TABLE 10 – VALVE LOSSES IN EQUIVALENT FEET OF PIPE∗
TABLE 11 – FITTING LOSSES IN EQUIVALENT FEET OF PIPE
TABLE 12 – SPECIAL FITTING LOSSES IN EQUIVALENT FEET OF PIPE
TABLE 13 – RECOMMENDED WATER VELOCITY
TABLE 14 – MAXIMUM WATER VELOCITY TO MINIMIZE EROSION
TABLE 15 – EXPANSION OF WATER
TABLE 16 – COMPRESSOR CAPACITY VS LINE PRESSURE DROP
TABLE 17 – CONDENSATE LINE SIZING
TABLE 18 – MINIMUM TONNAGE∗ FOR OIL ENTRAINMENT UP SUCTION RISERS
TABLE 19 – MINIMUM TONNAGE FOR OIL ENTERTAINMENT UP HOT GAS RISERS
TABLE 20 – RECEIVER VENT LINE SIZING
TABLE 21 – FLUID WEIGHT OF REFRIGERANT IN PIPING
TABLE 22 – RECOMMENDED HANGER SPACINGS FOR STEEL PIPE
TABLE 23 – HIGH PRESSURE SYSTEM PIPE CAPACITIES
TABLE 24 – MEDIUM PRESSURE SYSTEM PIPE CAPACITIES (30 psig)
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TABLE 25 – LOW PRESSURE SYSTEM PIPE CAPACITIES
TABLE 26 – RETURN MAIN AND RISER CAPACITIES FOR LOW PRESSURE STEAM SYSTEMS POUNDS PER HOUR
TABLE 27 – LOW PRESSURE SYSTEM PIPE CAPACITIES
TABLE 28 – TOTAL PRESSURE DROP FOR TWO-PIPE LOW PRESSURE STEAM PIPING SYSTEMS
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CHART 1 – COPPER EXPANSION LOOPS
CHART 2 –STEEL EXPANSION LOOPS
CHART 3 – FRICTION LOSS FOR CLOSED PIPING SYSTEMS
CHART 4 – FRICTION LOSS FOR 0PEN PIPING SYSTEMS
CHART 5 – FRICTION LOSS FOR CLOSED AND OPEN PIPING SYSTEMS
CHART 6 – DIVERSITY FACTORS
CHART 7 – SUCTION LINES-COPPER TUBING
CHART 8 – HOT GAS LINES-COPPER TUBING
CHART 9 – LIQUID LINES-COPPER TUBING
CHART 10 – SUCTION LINES-COPPER TUBING
CHART 11 – HOT GAS LINES – COPPER TUBING
CHART 12 – LIQUID LINES-COPPER TUBING
CHART 13 – SUCTION LINES-COPPER TUBING
CHART 14 – HOT GAS LINES-COPPER TUBING
CHART 15 – LIQUID LINES-COPPER TUBING
CHART 16 – SUCTION LINES-COPPER TUBING
CHART 17 – HOT GAS LINES-COPPER TUBING
CHART 18 – LIQUID LINES-COPPER TUBING
CHART 19 – SUCTION LINES-STEEL PIPE
CHART 20 – HOT GAS LINES – STEEL PIPE
CHART 21 – LIQUID LINES – STEEL PIPE
CHART 22 – SUBCOOLING TO COMPENSATE FOR LIQUID LINE PRESSURE DROP
CHART 23 – EFFICIENCY CURVES, DOUBLE TUBE LIQUID SUCTION INTERCHANGER,

       500 REFRIGERANTS 12 AND 500
CHART 24 – EFFICIENCY CURVES, DOUBLE TUBE LIQUID SUCTION INTERCHANGER

        REFRIGERANTS  22
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CHART 25 – BACK PRESSURE VAVLE APPLICANTION CHART
CHART 26 – PIPE SIZING
CHART 27 – VELOCITY CONVERSION∗
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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART FOUR

This part of the System Design Manual presents data to
guide the engineer in the application and selection of refrigerants,
brines and oils when used with air conditioning system.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

             refrigerants   1

INDEX

brines       2

               refrigeration oils            3

www.HVAC-ENG.com



Part 4. Refrigerants, Brines, Oils  |  Chapter 1. Refrigerants

CHAPTER 1.  REFRIGERANTS

     This chapter provides information concerning the
refrigeration cycles and characteristics of the commonly
used refrigerants and their selection for use in air
conditioning applications.
     To provide refrigeration, a refrigerant may be utilized
either:
     1.  In conjunction with a compressor, condenser and
          evaporator in a compression cycle, or
     2.  With an absorbent in conjunction with an absorber,
          generator, evaporator, and condenser in an
          absorption cycle.
     The refrigerant absorbs heat by evaporation
generally at a low temperature and pressure level, Upon
condensing at a higher level, it rejects this heat to any
available medium, usually water or air.
     In a compression system the refrigerant vapor is
increased in pressure from evaporator to condenser
pressure by the use of a compressor.
     In an absorption system the increase in pressure is
produced by heat supplied from steam or other suitable
hot fluid which circulates thru a coil of pipe.  The
absorber-generator is analogous to a compressor in that
the absorber constitutes the suction stroke and the
generator the compression stroke.  The evaporator spray
header corresponds to the expansion valve.  The
evaporator and condenser are identical for both
compression and absorption systems.
     This chapter includes a discussion of the refrigeration
cycle, refrigerant selection, and the commonly used
refrigerants as well as tables indicating their
characteristics and properties.

REFRIGERATION CYCLES
ABSORPTION CYCLE
     The absorption refrigeration cycle utilizes two
phenomena:
     1.  The absorption solution (absorbent plus refrigerant)     
          can absorb refrigerant vapor.
     2.  The refrigerant boils (flash cools itself) when
          subjected to a lower pressure.
     These two phenomena are used in the lithium
bromide absorption machine to obtain refrigeration by
using the bromide as an absorbent and water as a
refrigerant.
     Water is sprayed in an evaporator which is
maintained at a high vacuum.  A portion of the water
flashes and cools that which remains.  The water vapor is
absorbed by a lithium bromide solution in the absorbed
by a lithium bromide solution in the absorber.  The
resulting solution is then heated in the generator to drive
off the water vapor which is condensed in the condenser.
The water is returned to the evaporator, completing the
cycle.
     Figure 1 illustrates the absorption cycle.  Figure 2
illustrates the cycle plotted on the equilibrium diagram
with numbered points representing pressures,
temperatures, concentrations in the cycle.
     On the lower left side of Fig. 1 is the absorber
partially filled with lithium bromide solution.  On the lower
right side is the evaporator containing water.  A pipe
connecting the shells is evacuated so that no air is
present.  The lithium bromide begins to absorb the water
vapor; as the vapor is absorbed, the water boils,
generating more vapor and causing the remainder of the
water to be cooled.
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FIG. 1-ABSORPTION REFRIGERATION CYCLE

     Since the water can vaporize more easily if it is being
sprayed, a pump is used to circulate the water from the
bottom of the evaporator to a spray header at the top.  An
evaporator tube bundle is located under the evaporator
tube bundle is located under the evaporator spray
header; water inside the tubes, returning from the air
conditioning coils or other load, is flash-cooled by the
water on the outside of the evaporator tubes.  The lithium
bromide solution absorbs water vapor easier if it is
sprayed; therefore, a pump is used to circulate the
solution from the bottom of the absorber to a spray
header at the top of absorber.
     As the lithium bromide continues to absorb water
vapor, it becomes diluted, and its ability to absorb
additional water vapor decreases.  The weak solution is

pumped to the generator where heat is applied by steam
or other suitable hot fluid in the generator tube bundle to
boil off the water vapor.  The solution is concentrated and
returned to the absorber.  Since the weak solution going
to the generator must be heated and the strong solution
coming from the generator must be cooled, a heat
exchanger is used in the solution circuit to conserve heat.
     Water vapor boiled from the solution in the generator
passes to the condenser to contact the relatively cold
condenser tubes.  The vapor condenses in the condenser
and returns to the evaporator so that there is no loss of
water in the cycle.  Before the condenser water goes thru
the condenser tubes, it passes thru a tube bundle located
in the absorber.  Here it picks up the heat of dilution and
the heat of condensation which is generated as the
solution absorbs water vapor.
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FIG. 2- EQUILIBRIUM DIAGRAM FOR LITHIUM BROMIDE

COMPRESSION CYCLE
     The compression refrigeration cycle utilizes two
phenomena:

1. The evaporation of a liquid refrigerant absorbs
heat to lower the temperature of its surroundings.

     2.  The condensation of a refrigerant vapor rejects
           heat to raise the temperature of its surroundings.
     The cycle may be traced from any point in the
system. Figure 3 is a schematic and Fig. 4 is a pressure-
enthalpy diagram of a compression cycle.
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FIG. 3- RECIPROCATING COMPRESSION REFRIGERATION CYCLE

     Starting with the liquid refrigerant ahead of the
evaporator at point A in both Fig. 3 and 4, the admission
of liquid to the evaporator is controlled by an automatic
throttling device (expansion valve) which is actuated by
temperature and pressure.  The refrigerant pressure is
reduced across the valve from condenser pressure, point
A, to the evaporator pressure, point B.  The valve acts as
a boundary between the high and low sides of the
system.
     The pressure reduction allows the refrigerant to boil
or vaporize.  To support boiling, heat from the air or other
medium to be cooled is transmitted to the evaporator
surface and into the boiling liquid at a lower temperature.
The refrigerant liquid and vapor passing thru the
evaporator coil continues to absorb heat until it is
completely evaporated, point C.  Superheating of the gas,
controlled by the expansion valve, occurs from C to D.
     The superheated gas is drawn thru the suction line
into the compressor cylinder.  The downstroke of the
piston pulls a cylinder of gas thru the suction valve and
compresses it on the upstroke, raising its temperature
and pressure to point E.  The pressure produced causes
the hot gas to flow to the condenser.  The compressor
discharge valve prevents re-entry of compressed gas into
the cylinder and forms a boundry between the high and
low sides.
     In the condenser the condensing medium (air or
water) absorbs heat to condense the hot gas.  Liquid.

FIG. 4- PRESSURE-ENTHALPY DIAGRAM,
                    COMPRESSION CYCLE
refrigerant is collected in receive which may be combined
with or separate from condenser
     The liguid is then forced thru the liquid line to the
expansion valve A to repeat the cycle.
Liguid-Suction Interchangers
     Compressor ratings for Refrigerants 12 and 500 are
generally based on 65 F actual suction gas temperatures.
When this suction gas temperature is not obtained at the
compressor, its rating must be lowered by an appropriate
multiplier.  To develop the full rating, the required
superheat which is over and above that available at the
evaporator outlet may be obtained by a liquid-suction
interchanger.
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FIG. 5- EFFECT OF LIQUID-SUCTION INTERCHANGER
ON COMPRESSION CYCLE

     The effect of a liquid-suction interchanger on the
refrigeration cycle is shown on the pressure-enthalpy
diagram (Fig. 5).
     The solid lines represent the basic cycle, while the
dashed lines represent the same cycle with a liquid-
suction interchanger.  The useful refrigerating effect with
an interchanger is B’C rather than BC as in the basic
cycle.
     Superheat increases the specific volume of the suction
vapor to reduce the total weigh of refrigerant circulated
for a given displacement.  It also increases the enthalpy
of the vapor and may improve compressor volumetric
efficiency.  Provided the heat absorbed represents useful
refrigeration such as liquid subcooling, the refrigerating
effect per pound of refrigerant circulated is increased.
With Refrigerants 22 and 717 volume increases faster
than refrigerating effect; hence, superheating theoretically
reduces capacity.  With Refrigerants 12 and 500 the
reverse is true, and superheating theoretically reduces
both the cfm per ton and the power per ton.  Figure 6
illustrates the loss due to superheating of the refrigerant
vapor and the gain due to liquid subcooling.  Net gain
equals the gain minus the loss.
REFRIGERANT PROPERTIES
     Refrigerant characteristics have a bearing on system
design, application and operation.  A refrigerant is
selected after an analysis of the required characteristics

FIG. 6-EFFECT OF LIQUID-SUCTION INTERCHANGER
ON CAPACITY

and a matching of these requirements with the specific
properties of the available refrigerants.
     Significant refrigerant characteristics are:
    1.   Flammability  and  Toxicity  as   they pertain to the
           safety  of a   refrigerant.  The refrigerants treated in
           this  chapter  are  classified in ASA B9.1 as Group
          1,  the  least hazardous relative to flammability and
           explosiveness.  The Underwriters’ Laboratories
           classification with repect to toxicity puts these
           refrigerants in Groups 4 to 6.  The higher
           numbered groups in this classification are the least
           toxic.
           Figure 7 shows the structural formula of the
           refrigerant compounds treated in this chapter.  The
           chlorine and fluorine elements in these refrigerants
           make them the least hazardous and least toxic
           respectively.
   2.   Miscibility of a refrigerant with compressor oil aids
          in the return of oil from the evaporator to the
          compressor crankcase in reciprocating machine
          applications.  Centrifugal units have separate oil
          and refrigerant circuits.
          Some refrigerants are highly miscible with
          compressor oil.  Refrigerants 12 and 500 and
          lubricating oils are miscible in any proportion;
         Refrigerant 22 is less miscible.  The effect of
         miscibility in a refrigeration system is illustrated in
         Fig. 8.  If Refrigerant 12 is placed
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FIG. 7-STRUCTURAL FORMULAS FOR REFRIGERANTS

temperature, all of the refrigerant migrates to the vessel
containing oil because of the absorption head of the oil.
Raising the oil tempreature limits this migration.  For
instance, if the oil is at an ambient temperature 20
degrees higher than be refrigerant or if the oil is heated
by an immersion type heater to 20 degrees higher than
the refrigerant temperature (Fig. 8b), only 67% of the oil
weight of the refrigerant 20 degrees higher than be
refrigerant or if the oil is heated by an immersion type
heater to 20 degrees higher than the refrigerant
temperature (Fig. 8b), only 67% of the oil weight of the
refrigerant becomes dissolved in the oil.

3. Theoretical Horsepower Per Ton of refrigeration for
most refrigerants at air conditioning temperature levels 
is approximately the same (Table1).

4. Rate  of  Leakage  of  a  refrigerant  gas increases 
directly with pressure and inversely with molecular 
weight.  The  pressure  of a refrigerant for a given 
saturated temperature increases in the following order:
Refrigerant 113, 11, 114, 12, 500, 22.  The molecular 
weight of a refrigerant decreases in the following order:
Refrigerant 113, 114, 11, 12, 500, 22. Molecular weight 
is directly related to vapor specific volume; the higher

FIG. 8-MISCIBILITY OF REFRIGERANT 12 AND OIL.

The molecular weight, the higher the specific volume
5. Leak Detection of the refrigerant should be simple and 

posit ive for purposes of maintenance, cost and 
safety.The use of a halide torch makes it possible to 
d e t e c t and locate minute leaks of the halogen 
refrigerants.

6. Vapor Density influences the compressor displacement
and pipe sizing.  High vapor density accompanied by a
reasonably high latent heat of vaporization (low cfm per
ton) is desirable in a refrigerant.  A low cfm per ton
results in compact equipment and smaller refrigerant
piping. Reciprocating refrigeration equipment requires
a relatively high vapor density refrigerant for optimum
performance. Centrifugal compressors requite a low
vapor density refrigerant for optimum efficiency at
comparatively low tonnages. High vapor density
refrigerants are used with centrifugals of large tonnage.
The cfm per ton increases in the following order:
Refrigerant 22, 500, 12, 114, 11, 113 (Fig. 9).

     Cost which is usually a consideration in all selections
should not influence the choice of a refrigerant since it
generally has little economic bearing on the normal
refrigeration system. Although Refrigerant 22 costs
approximately twice as much as Refrigerant 12, the
compressor required is smaller, tending to offset the
additional cost of refrigerant.
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FIG. 9-SUCTION VOLUMES OF REFRIGERANTS
(CFM/TON)

HEAT TRANSFER COMPARISONS
     The value of the evaporating and condensing film
coefficient (Btu/sq ft/F) for Refregerant 22 is greater than
that for Refrigerants 12 and 500.  However, it does not
follow that cooling coils and condensers can, therefore,
be rated for higher capacities with Refrigerant 22.  The
higher coefficient for Refrigerant 22 does not tell the
complete story.
     Various other factors should be considered:
     1.  Whether the heat exchanger is designed for either
          Refrigerant 22 or Refrigerants 12 and 500.
     2.  Whether heat transfer is between refrigerant and air

 or between refrigerant and water.
     3. Whether tubes in a heat exchanger are prime 

 surface or extended surface (including the amount 
 of extended surface.)

     The evaporating or condensing film coefficient is one
of a number of factors which make up the total over-all
transfer rate for the heat exchanger.  Other factors
involved are these:
     1.  Tube wall resistance (including extended surface, if
          any).
     2.  Air or water film coefficient.
     3.  Refrigerant pressure drop per circuit, which affects       
          the mean effective temperature difference.
     4. Surface ratio of tube outside surface to inside   
         surface.
     5. Fouling factors (water-cooled condensers).
COOLING COILS
     Cooling coils using Refrigerant 22 normally provide a
greater capacity than those using Refrigerant 12 or 500.
A cooling coil, normally, has considerable extended
surface on the air side of the tubes.  The higher

evaporating film coefficient of Refrigerant 22 combined
with the extended
surface results in a significant increase in the overall heat
transfer rate.
     When cooling coil is designed to permit a normal
pressure drop with Refrigerant 22, it may have a rather
large pressure drop with Refrigerant 12 or 500.  In such a
case the decreased performance for Refrigerants 12 and
500 is due partially to the difference in their condensing
film coefficients.  In addition, it is affected by the pressure
drop and the resulting lower mean effective temperature
difference.
CONDENSERS
     Water-cooled condensers using Refrigerant 22
normally provide a greater capacity than those using
Refrigerant 12 or 500, depending on the fouling factor
used in its selection.  There are a number of reasons for
this improvement other than the basically higher
condensing film coefficient of the refrigerant.
     1.  The water film coefficient is relatively high as
          compared to air.
     2.  The extended surface or refrigerant side of the
          exchanger tubes assures maximum transfer rate      
          and optimum balance between the inside and    
          outside surfaces.
     With Refrigerant 12 or 500 the performance of water-
cooled condensers is otherwise not adversely affected
since the pressure drop in the shell is not a consideration.

Air-cooled condensers using Refrigerant 22 normally
provide a greater capacity than those using Refrigerant
12 or 500.
     Air-cooled condensers have considerable extended
surface on the air side of the tubes.  The higher
evaporating film coefficient or Refrigerant 22, combined
with the extended surface results in a significant increase
in the overall heat transfer rate.
     When an air-cooled condenser is designed to allow
for a normal pressure drop with Refrigerant 22, it may
have a considerable pressure drop when used with
Refrigerant 500 or 12.  In such a case the decreased
performance for Refrigerants 500 and 12 is not due
entirely to the difference in their condensing film
coefficients, but is affected also by pressure drop and the
resulting lower mean effective temperature difference.
     Normally, evaporative condensers use prime surface
tubing (without extended surface on the outside of tubes).
Where the unit is designed for Refrigerant 12 or 500,
there is no significant increase in capacity when using
Refrigerant 22.
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     If the unit is designed for Refrigerant 22 (smaller
tubing or longer circuits), and is used with Refrigerant 12
or 500, the pressure drop is sufficient to reduce the
rating.  Such a design may create the impression that the
increased rating for Refrigerant 22 is due to the
condensing film, whereas actually the performance for
Refrigerant 12 or 500 decreases due to coil design.
REFRIGERANT SELECTION
COMPRESSION CYCLE
     The choice of a refrigerant for a compression system
is limited by:
     1.  Economics,
     2.  Equipment type and size
     3.  Application
     The manufacturer of the refrigeration compressor
generally preselects the refrigerant to result in optimum
owning cost.  The specific refrigerant is determined by
the type and size of the equipment.
     To minimize the number of reciprocating compressor
sizes required to fill out a line, the manufacturer rates
each size for several refrigerants of relatively dense vapor
such as Refrigerants 12, 500 and 22.  In effect, this
increases the number of units offered without adding
sizes.
     Centrifugal compressors at comparatively low
tonnages require a high vapor volume refrigerant such as
Refrigerant 113 or 11 to maintain optimum efficiency.  For
most sizes Refrigerant 114 or 12 can be used to obtain
greater capacities.  Refrigerants 500 and 22 are used
with specially built centrifugals to obtain the highest
capacities.
     The refrigerant selected depends on the type of
application.  Air-cooled condensers may not use certain
refrigerants because of the design condensing
temperature required and corresponding limitations on
compressor head pressure.
     The temperature-pressure relationship of a refrigerant
is of considerable importance in low temperature
applications.  If the evaporator pressure is comparatively
low for the required evaporator temperature, the volume
of vapor to be handled by the compressor is excessive.
If the evaporator pressure is comparatively high for the
required evaporator temperature, the system pressures
are high.
     The refrigerants that have been mentioned are the
halogens (fluorinated hydrocarbon compounds), except
for Refrigerant 500 which is an azeotropic mixture of two
fluorinated hydrocarbons.  The mixture does not separate
into its component refrigerants with a changer of

temperature or pressure.  It has its own fixed
thermodynamic properties which are unlike either of its
components.
ABSORPTION CYCLE
     Water as a refrigerant and lithium bromide as an
absorbent are utilized in the basic absorption refrigeration
cycle.  The refrigerant should possess the same desirable
qualities as those for a compression system.  In addition,
it should be suitable for use with an absorbent, so
selected that:

FIG. 10-PRESSURES AND TEMPERATURES OF A
TYPICAL ABSORPTION MACHINE

1.  The vapor pressures of the refrigerant and absorbent
     at the generator are different.
2.  The temperature-pressure relations are consistent
     with practical absorber and generator temperatures
     and pressures.  Figure 10 shows absolute pressures
     and temperatures existing in a typical absorption
     machine at full load.
3.  The refrigerant has a high solubility in the
     absorbent at absorber temperature and pressure and
     a low solubility at generator temperature and pressure.
4. The refrigerant and absorbent together are stable
     within the evaporator-generator range of temperatures.
     Normally, the absorbent must remain liquid at
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absorber and generator temperatures and pressures.
It should have a low specific heat, surface tension and
viscosity and must be neutral to the materials used in the    
equipment.

REFRIGERANT TABLES
Table 1 is a tabulation of the various refrigerants and their
characteristic.  Tables 2 to 7 list the properties of the
refrigerants for various saturated temperatures.
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TABLE 2-PROPERTIES OF REFRIGERANT 12, LIQUID AND SATURATED VAPOR
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TABLE 2-PROPERTIES OF REFRIGERANT 12, LIQUID AND SATURATED VAPOR (Contd)
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TABLE 3-PROPERTIES OF REFRIGERANT 500, LIQUID AND SATURATED VAPOR
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TABLE 3-PROPERTIES OF REFRIGERANT 500, LIQUID AND SATURATED VAPOR (Contd)

www.HVAC-ENG.com



Part 4. Refrigerants, Brines, Oils  |  Chapter 1. Refrigerants

TABLE 4-PROPERTIES OF REFRIGERANT 22, LIQUID AND SATURATED VAPOR
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TABLE 4-PROPERTIES OF REFRIGERANT 22, LIQUID AND SATURATED VAPOR (Contd)
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TABLE 5-PROPERTIES OF REFRIGERANT 11, LIQUID AND SATURATED VAPOR
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TABLE 5-PROPERTIES OF REFRIGERANT 11, LIQUID AND SATURATED VAPOR (Contd)
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TABLE 6-PROPERTIES OF REFRIGERANT 113, LIQUID AND SATURATED VAPOR
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TABLE 6-PROPERTIES OF REFRIGERANT 113, LIQUID AND SATURATED VAPOR (Contd)
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TABLE 7-PROPERTIES OF REFRIGERANT 114, LIQUID AND SATURATED VAPOR
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CHAPTER 2.  BRINES

     This chapter provides information to guide the
engineer in the selection of brines, and includes the
properties of the commonly used brines.
     At temperatures above 32 F, water is the most
commonly used heat transfer medium for conveying a
refrigeration load to an evaporator. At temperatures below
32 F, brines are used.  They may be:

1. An aqueous solution of inorganic salts, i.e. sodium
chloride or calcium chloride.  For low
temperatures, a eutectic mixture may be used.

     2.   An aqueous solution  of organic compounds, i.e.
            alcohols or glycols.  Ethanol water, methanol
            water, ethylene glycol and propylene glycol are
            examples.

3. Chlorinated or fluorinated hydrocarbons and
halocarbons.

     A solution of any salt in water, or in general any
solution, has a certain concentration at which the freezing
point is at a minimum. A solution of such a concentration
is called a eutectic mixture.  The temperature at which it
freezes is the eutectic temperature. A solution at any
other concentration starts to freeze at a higher
temperature. Figure 11 illustrates the relationship
between the freezing point (temperature) of a brine
mixture and the percent of solute in the mixture
(concentration).  Chart 18 covers a range of temperatures
wide enough to reveal the two freezing point curves.
     When the temperature of a brine with a concentration
below the eutectic falls below the freezing point, ice
crystals form and the concentration of the residual
solution increases until at the eutectic temperature the
remaining solution reaches a eutectic concentration.
Below this temperature the mixture solidifies to form a
mechanical mixture of ice and frozen eutectic solution.
     When the temperature of a brine with a concentration
above the eutectic falls below the freezing point, salt
crystallizes out and the concentration of the residual
solution decreases until at the eutectic temperature the
remaining solution reaches a eutectic concentration.
Below this temperature the mixture solidifies to form a
mechanical mixture of salt and frozen eutectic solution.
     This chapter includes a discussion of these brines,
also tables and charts indicating properties.

FIG. 11-BRINE MIXTURE

BRINE SELECTION
     The selection of a brine is based upon a
consideration of the following factors:
     1.  Freezing Point -Brine must be suitable for the
          lowest operating temperature.
     2.  Application -When using an open piping system,
          the   possibility  of  product  contamination  by  the
          brine should be checked.
    3.  Cost -The   initial  charge and quantity of make-up
         required are factors in the determination of costs.
    4.  Safety -Toxicity and flammability of brine.
    5.  Thermal Performance -Viscosity, specific gravity,
         specific heat and thermal conductivity are utilized to
         determine thermal performance.
    6.  Suitability -Piping and system equipment material
         require a stable and relatively corrosive-free brine.
    7.  Codes -Brine must be acceptable by codes,
         ordinances, regulatory agencies and insuror.
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TABLE 9-TYPICAL BRINE APPLICATIONS

Sodium Calcium Ethylene Propylene Methanol Ethanol Chlorinated or Fluorinated
Chloride Chloride Glycol Glycol Water Water Hydrocarbons

Breweries
Chemical Plants X X X

X
X X X

Dairies
Food Freezing

X
X

X
X

X
X X

Heat Pumps
Meat Packing X

X
X

X X

Preheat Coils
(Air Conditioning Systems) X
Skating Rinks
Snow Melting X

X
X

X
X

X

Low Temperature (Specine)
Ice Cream

X
X

X
X

X

     The most common brines are aqueous solutions of
calcium chloride or sodium chloride.  Although both of
these brines have the advantage of low cost, they have
the disadvantage of being corrosive.  To overcome
corrosion, an inhibitor may be added to the brine.
Sodium dichromate is a satisfactory and economical
inhibitor.  Sodium hydroxide is added to keep the brine
slightly alkaline.
     Sodium chloride is cheaper than calcium chloride
beine; however, it cannot be used below its eutectic point
of –6 F. It is preferred where contact with calcium chloride
brine cannot be tolerated, for example, with unsealed
foodstuffs. The use of calcium chloride of commercial
grade is not satisfactory below –40 F.
     Systems using aqueous solutions of alcohol or glycol
are more susceptible to leakage than those using salts.  A
disadvantage of alcohol is its flammability.  It is utilized
mainly in industrial processes where similar hazards
already exist, and in the same temperature range as the
salts (down to –40 F).  The toxicity of methanol water
(wood alcohol) is a disadvantage.  Conversely, the non-
toxicity of ethanol water (denatured grain alcohol) is an
advantage.
     Corrosion inhibitors should be used with alcohol type
brines as recommended by the manufacturer of the
alcohol.
     Aqueous solutions of glycol are utilized mainly in
commercial applications as opposed to industrial
processes.  Ethylene and propylene glycol possess equal
corrosiveness which an inhibitor can neutralize.
Galvanized surfaces are particularly prone to attack by
the glycols and should be avoided.

     An inhibitor and potable water are recommended for
making up glycol brines.  The glycol manufacturer should
be consulted for inhibitor recommendations. Some
manufacturers have a brine sample analysis service to
assist in maintaining a satisfactory brine condition in the
system.  Heat transfer glycols are available with nonoily
inhibitors which do not penalize heat transfer qualities
(sodium nitrite or borox).
     Glycols can be used as heat transfer media at
relatively high temperatures.  With stabilizers, glycol
oxidization in air at high temperatures is eliminated for all
practical purposes.
     Ethylene glycol is more toxic than propylene glycol,
but less toxic than methanol water.  Propylene glycol is
preferred to ethylene glycol in food freezing for example.
     Chlorinated and fluorinated hydrocarbons are
expensive and are used in very low temperature work
(below –40 F).
     Table 8 presents typical application for the various
brines.
     Load, brine quantity and temperature rise are all
related to each other so that, when any two are known,
the third may be found by the formula:

where:
     sp  gr  = specific gravity of brine
          Cp = specific heat of brine (Btu/1b-F)

24

Cgrsp(F)risetempgpm
(tons)Load p×××

=
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PIPING
     All materials in the piping system including flange
gaskets, valve seats and packing, pump seals and other
specialities must be compatible with the brine.  Copper
tubing (except for the salt brines) and standard steel pipe
are suitable for general use.
     The pump rating and motor horsepower should be
based on the particular brine used and the actual
operating temperature.
FRICTION LOSS
     To determine the friction loss in a brine piping
system, the engineer should first calculate the loss as if
water were being used.  A multiplier is then used to
convert the calculated loss to the actual loss for the brine
system.  The multiplier is calculated as follows:

where:
     sp  gr  = specific gravity of brine
           fb   = friction factor for the brine
           fw     = friction factor for water at the brine velocity

     Friction factor is determined from the Reynolds
number.  The Reynolds number is:

where:
       d = inside pipe diameter (in.)
       v = brine velocity (ft/sec)
   sp gr = specific gravity of brine =

     Example 1 illustrates the use of the multiplier to
determine the brine friction loss thru a heat transfer coil.
Example 1- Friction Loss Multiplier
Given:
     A 5/8 in. copper tube coil with a circuit water velocity of
     4.29 ft/sec and a pressure drop of 7.5 psi.
     Mean water temperature = 55 F.
Find:
Friction loss multiplier and pressure drop when using ethylene
glycol at a mean brine temperature of 92.5 F and 41% solution by
weight at the same circuit liquid velocity.

 Solution:
 Refer to Chart 1.

where:
      ∈= absolute roughness of drawn tubing
      d= inside diameter of 5/8 in. copper tubing
Refer to Chart 19.
Specific gravity of ethylene glycol at a mean brine temperature of
92.5 F and 41% solution by weight is 1.05.

Refer to Chart 18.
Viscosity of ethylene glycol at the same condition equals 2.1
centipoises.

    Re =

Refer to Chart 1.
For a Reynolds number of 9.52×103 and a relative roughness of
.000104, the chart indicates friction factor fb = .031.

Specific gravity of fresh water at a mean temperature of 55 F = 1.00

Refer to Chart 28.
Viscosity of fresh water at a mean temperature of 55 F = 1.2
centipoises.

Refer again to Chart 1.
For a Reynolds number of 1.59×104 and a relative roughness of
.000104, the chart indicates a friction factor fw = .027.

Friction multiplier  = sp gr (brine) ×

                                    = 1.05×            = 1.21

Brine friction loss = 1.21×7.5 psi = 9.08 psi or

                            =                       = 20.0 ft brine

PUMP BRAKE HORSEPOWER
     To determine the horsepower required by a pump
with brine, the following formula may be used:

where:
     gpm         =  gallons/min. of brine

w

b

f
f

grspMultiplier ×=

′
×××

=
grspvd7740

Re

62.5
ft1b/cu

2.42
(ft)1b/(hr)viscosity,absolute

es)(centipoisviscosity ==′

.000104
.575

.00006

d
==

∈

4011.5915,900
1.2

1.004.29.5757740
(water)Re ×==

×××
=

wf
bf

027
031
.

.

051

312089

.

.. ×

eff3960
grspbrine)(ftheadtotalgpm

bhp
×

××
=

3105299520
12

0512945757740
×==

×××
.

.

...
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     total head  =  total pump head (ft brine)
     sp gr         =  specific gravity of brine
     eff             =  pump efficiency

BRINE PROPERTIES
     Specific gravity, viscosity, conductivity, specific heat,
concentration, and freezing and boiling points are
important factors in the consideration of liquids other than
water suitable for cooling and heating purposes.  High
values of specific gravity, conductivity and specific heat,
and low values of viscosity, promote a high rate of heat
transfer.  High values of specific gravity and viscosity
result in high pumping head and consequently high

pumping costs.  High specific heats are desirable in that
they reduce the quantity of liquid required to be
circulated or stored for a given duty.  Low viscosities are
desirable from a standpoint of both rate of heat transfer
and low pumping costs.  They are particularly desirable
at the lower temperatures where the viscosity increases.
    Table 9 is a tabulation of the various brines covered
in this chapter, giving the properties of these brines at
different temperatures and suitable concentrations.
Charts 2 to 28 present the viscosity, specific gravity,
specific heat and thermal conductivity of the brines for
various mean brine temperatures and compositions.

TABLE 10-BRINE PROPERTIES

Solution Density Specific Thermal Viscosity Freezing Boilling Gpm/ton Relative
Temp. Brine (by wt) Heat Cond. Point Point /10 deg hb Vb Cost per

(F) (Btu/hr (Centi- rise * † Gal. of
(%) (lb/cu ft) (Btu/lb-F) -sq ft-F/ft) poises) (F) (F) Solution

Sodium Chloride 12 68.2 .86 .28 2.2 17.5 215. 2.55 941 1.61 1
Calcium Chloride 12 69.2 .83 .32 2.4 19.0 213. 2.62 971 1.78 3
Methanol Water 15 61.5 1.00 .28 3.2 13.5 187. 2.45 781 2.63 13

30 Ethanol Water 20 61.0 1.04 .27 5.5 12.0 189. 2.37 621 4.60 20
Ethylene Glycol 25 64.7 .92 .30 3.7 12.9 217. 2.52 775 2.92 42
Propylene Glycol 30 64.5 .94 .26 8.0 13.0 216. 2.47 525 6.35 43
Sodium Chloride 21 72.8 .80 .25 4.2 1.0 216. 2.57 693 2.90 1
Calcium Chloride 20 74.8 .72 .31 4.8 1.0 214. 2.77 730 3.28 5
Methanol Water 22 60.4 .97 .26 5.3 4.5 182. 2.56 599 4.44 19

15 Ethanol Water 25 61.0 1.02 .25 8.2 4.5 187. 2.41 504 6.85 25
Ethylene Glycol 35 66.0 .86 .28 6.8 0.0 219. 2.65 576 5.25 60
Propylene Glycol 40 65.3 .89 .24 20.0   - 4.2 218. 2.58 103 ‡ 58
Calcium Chloride 25 78.4 .67 .29 10.3 -21.0 215. 2.85 513 6.75 6
Methanol Water 35 60.0 .89 .23 9.9 -22.0 176. 2.82 98 8.40 30

-5 Ethanol Water 36 60.6 .95 .22 13.5 -16.0 183. 2.62 97 ‡ 35
Ethylene Glycol 45 67.4 .79 .25 17.2 -15.5 223. 2.82 103 ‡ 78
Propylene Glycol 50 66.5 .83 .23 80.0 -29.0 222. 2.72 98 ‡ 75
Calcium Chloride 30 82.1 .63 .28 27.8 -47.0 216. 2.90 110 ‡ 8
Methanol Water 45 60.0 .80 .22 18.0 -45.0 171. 3.13 91 ‡ 39

-30 Ethanol Water 52 59.5 .81 .19 20.2 -50.0 179. 3.11 83 ‡ 50
Ethylene Glycol 55 69.0 .73 .22 75.0 -43.0 227. 2.98 93 ‡ 97
Propylene Glycol 60 67.2 .77 .21 700.0 -55.0 227. 2.90 91 ‡ 90

     *hb=  coefficient of heat transfer between brine and surface (Btu/hr-sq ft.F), at 7 fps velocity for .554 in. ID tubing.
    †Vb=  minimum brine velocity (ft/sec), at Re=3500 for .554 in.  ID tubing.
    ‡Above 10 ft/sec.

     Note that specific gravity for propylene glycol (Chart
23) in the composition range of 50% to 100% (same
mean brine temperature, F) is the same for two

compositions.  Specific gravity alone, therefore, is not a
reliable method of determining the solution composition of
this brine.
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CHART 2-SODIUM CHLORIDE-VISCOSITY
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CHART 3-SODIUM CHLORIDE-SPECIFIC GRAVITY
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CHART 4-SODIUM CHLORIDE-SPECIFIC HEAT
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CHART 5-SODIUM CHLORIDE-THERMAL CONDUCTIVITY
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CHART 6-CALCIUM CHLORIDE-VISCOSITY
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CHART 7-CALCIUM CHLORIDE-SPECIFIC GRAVITY
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CHART 8-CALCIUM CHLORIDE-SPECIFIC HEAT
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CHART 9-CALCIUM CHLORIDE-THERMAL CONDUCTIVITY
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CHART 10-METHANOL BRINE-VISCOSITY
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CHART 11-METHANOL BRINE-SPECIFIC GRAVITY
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CHART 12-METHANOL BRINE-SPECIFIC HEAT
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CHART 13-METHANOL BRINE-THERMAL CONDUCTIVITY
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CHART 14-ETHANOL BRINE-VISCOSITY
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CHART 15-ETHANOL BRINE-SPECIFIC GRAVITY
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CHART 16-ETHANOL BRINE-SPECIFIC HEAT
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CHART 17-ETHANOL BRINE-THERMAL CONDUCTIVITY
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CHART 18-ETHYLENE GLYCOL-VISCOSITY
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CHART 19-ETHYLENE GLYCOL-SPECIFIC GRAVITY
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CHART 20-ETHYLENE GLYCOL-SPECIFIC HEAT
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CHART 21-ETHYLENE GLYCOL-THERMAL CONDUCTIVITY
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   CHART 22-PROPYLENE GLYCOL-VISCOSITY
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CHART 23-PROPYLENE GLYCOL-SPECIFIC GRAVITY
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CHART 24-PROPYLENE GLYCOL-SPECIFIC HEAT
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CHART 25-PROPYLENE GLYCOL-THERMAL CONDUCTIVITY
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CHART 26-TRICHLOROETHYLENE-PROPERTIES
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CHART 27-REFRIGERANT 11-PROPERTIES
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CHART 28-WATER-VISCOSITY
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CHAPTER 3.  REFRIGERATION OILS

     This chapter covers general classification and quality
of lubricating oils that are important in refrigeration.  The
recommendation of oils to be used in a refrigeration
system is primarily the responsibility of the refrigeration
system manufacturer.  However, it is important for an
engineer to understand the basis of the selection of these
oils in order to properly apply them in the field.
CLASSIFICATION
     Oils classified by source fall in three main groups:
animal, vegetable and mineral.  Animal and vegetable oils
are called fixed oils because they cannot be refined
without decomposing.  They are unstable and tend to
form acids and gums that make them unsuitable for
refrigeration purposes.
     There are three major classifications of mineral oil:
naphthene base, paraffin base, and mixed base.  When
distilled, a naphthene base oil yields a residue of heavy
pitch or asphalt.  California oils, some Gulf Coast and
heavy Mexican oils are in this class.  A paraffin base oil
yields a paraffin base oils are Pennsylvania, Northern
Louisiana, and parts of Oklahoma and Kansas.  The
mixed oils contain both naphthene and paraffin bases.
Illinois and some mid-continent oils are in this class.
     Experience has shown that the naphthene base oils
are more suited for refrigeration work for three main
reason:
    1.  They flow better at low temperatures.
    2.  Carbon deposits from these oils are of a soft nature

     and can easily be removed.
    3.  They deposit less wax at low temperatures.

     When obtained from selected crudes and properly
refined and treated, all three classes of mineral oil can be
considered satisfactory for refrigeration use.
PROPERTIES
     To meet the requirements of a refrigeration system, a
good refrigeration oil should:
     1.  Maintain sufficient body to lubricate at high
          temperature and yet be fluid enough to flow at low
          temperature.
     2.  Have a pour point low enough to allow flow at any
          point in the system.
     3.  Leave no carbon deposits when in contact with hot
          surfaces encountered in the system during normal
          operation.
     4.  Deposit no wax when exposed to the lowest
          temperatures normally encountered in the system.
     5.  Contain little or no corrosive acid.
     6.  Have a high resistance to the flow of electricity.
     7.  Have a high flash and fire point to indicate proper
          blending.
     8.  Be stable in the presence of oxygen.
     9.  Contain no sulfur compounds.
   10.   Contain no moisture.
   11.   Be light in color, to indicate proper refining.
   As lubricating oils for refrigeration compressors are a
specialty product, they require consideration apart from
normal lubricants.  The emphasis in this chapter is on oil
used in refrigeration.  Do not consider the emphasis as
applicable to lubricants in general.
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FIG. 12-LUBRICATION CHARACTERISTICS

     The characteristics of oil for refrigeration (not
necessarily in order of importance) are these:
     1.  Viscosity
     2.  Pour point
     3.  Carbonization
     4.  Floc point
     5.  Neutralization
     6.  Dielectric strength
     7.  Flash point
     8.  Fire point
     9.  Oxidation stability
   10.   Corrosion tendency
   11.   Moisture content
   12.   Color
VISCOSITY
     Viscosity or coefficient of internal friction is that
property of a liquid responsible for resistance to flow; it
indicates how thick or thin an oil is.
     The purpose of an oil is to lubricate bearing or
rubbing surfaces.  If the oil is too thin, it does not stay
between the rubbing surfaces but is forced out, leaving
no protective film.  If the oil is too thick, it causes drag
and loss of power, and may not be able to flow between
the bearing or rubbing surfaces.
     Friction loss f is illustrated in Fig. 12 as a function of
viscosity z, speed N in revolutions per unit time, and load
P per unit area.
     Viscosity is usually measured in terms of Saybolt
Seconds Universal (SSU).  Under standard temperature
conditions, oil is allowed to flow thru a carefully calibrated
orifice until a standard volume has passed.  The number
of seconds necessary for the given volume of oil to flow
thru the orifice is the viscosity of the oil in Saybolt
Seconds Universal.  The higher the viscosity, the more

FIG. 13-EFFECT OF TEMPERATURE ON VISCOSITY

seconds it takes to pass thru the hole, or the higher the
viscosity, the thicker the oil.
     Viscosity is affected by temperature (Fig. 13), thus
making it an important characteristic of refrigeration oils.
The viscosity increases as the temperature decreases, or
the lower the temperature the thicker the oil.  In low
temperature applications, this thickening of oil with its
increasing resistance to flow is a major problem.  As low
temperatures occur in the evaporator, an oil that is too
viscous thickens and may stay in the evaporator, thus
decreasing the heat transfer and possibly creating a
serious lack of lubrication in the compressor.
     Oil may thin our or become less viscous at high
temperatures.  Too warm a crankcase may conceivably
thin the oil to a point where it can no longer lubricate
properly.  A refrigeration oil must maintain sufficient body
to lubricate at high temperatures and yet to be fluid
enough to flow at low temperatures.  Oil should be
selected which has the lowest viscosity possible to do the
assigned job.
     Viscosity is also affected by the miscibility of the oil
and the refrigerant.  The miscibility of oil and refrigerants
varies from almost no mixing (with Refrigerant 717,
ammonia) to complete mixing (with some halogenated
hydrocarbons such as Refrigerant 12).
     Refrigerant 717 has almost no effect on the viscosity
of a properly refined refrigeration oil.  As it is not miscible,
there is no dilution of oil and therefore no change in
viscosity.
     In the case of miscible refrigerants such as
Refrigerant 12, the refrigerant mixes with and dilutes the
oil, and lubrication must be performed by this mixture.
This mixing reduces the viscosity of the oil.
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CHART 29-OIL-REFRIGERANT VISCOSITY

     Chart 29 shows viscosity change for mixtures of oil
and Refrigerant 12.  For example, oil at 40 F containing
20% Refrigerant 12 by weight has a viscosity of
approximately 150 SSU.
     When the amount of Refrigerant 12 is increased to
40%, the SSU is reduced to 45.
     When oil and refrigerants are miscible, the oil is
carried thru the system by the refrigerant.  It is imperative
that the oil be returned to the compressor.  Keeping low
side gas velocity up assures this proper oil return.  With a
completely miscible refrigerant, the oil is diluted
sufficiently even at low temperatures to keep the viscosity
low and to allow the oil to return easily with the refrigerant
to the compressor.
     There is a third group of refrigerants whose miscibility
with oil varies.  For example, Refrigerant 22 is completely
miscible with oil at high temperatures, but at low
temperatures it separates into two layers with the oil on
top.  When designing or selecting equipment for this
group of refrigerants, great care must be taken to allow
for low temperature separation of oil and refrigerant.
     Oil separation in a flooded cooler necessitates the
use of an oil bleed line from the bottom of the cooler to
the suction loop.  Because the oil is lighter than
Refrigerant 22 and floats on top of the liquid refrigerant,
an auxiliary oil bleed line from the side of the cooler is
required.
POUR POINT
     The pour point of an oil is that temperature at which it
ceases to flow.

FIG. 14-POUR POINT TUBE

FIG. 15-POUR POINT

     Pour point is simple to determine.  Using the
apparatus shown in the Fig. 14, the selected batch of oil
is slowly cooled under test condition until the oil no longer
flows.  This temperature is the pour point.
     Figure 15 shows two oils with different pour points
which have been cooled to the same temperature (-20 F).
On the left the oil with a –40 F pour point flows freely.  On
the right the oil with the 0 F pour point does not flow.
     Pour point depends on the wax content and/or
viscosity.
     With all refrigerants some oil is passed to the
evaporator.  Regardless of how small an amount, this oil
must be returned to the compressor.  In order that it may
be returned, it must be able to flow thruout the system.
     Oil pour point is very important with nonmiscible and
partly miscible refrigerants; with the miscible refrigerants
the viscoscity of the oil refrigerant mixture assumes
greater importance as shown in Chart 29, Oil-Refrigerant
Viscosity.
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FIG. 16-CARBON DEPOSIT

CARBONIZATION
     All refrigeration oils can be decomposed by heat.
When such action takes place, a carbon deposit remains.
     Carbonization properties of an oil are measured by
the Conradson Carbon Value.  This value is found by
heating and decomposing an oil until only the carbon
deposit remains.  The ratio of the weight of the carbon
deposit to the weight of the original oil sample is the
Conradson Carbon Value.
     Hot surfaces within the refrigeration system
sometimes decompose the oil.  The carbon remaining is
hard and adhesive in paraffin base oils, and forms
sludge.
     Naphthene base oils form a light fluffy carbon which,
though a contaminant, is not as damaging as the hard
carbon.  However, neither type of carbon deposit is
desirable as there is some indication that a relationship
exists between oil breakdown, carbonization and copper
plating (Fig. 16).
     A good oil should not carbonize when in contact with
hot surfaces encountered in the system during normal
operation.  A refrigeration oil should have as low a
Conradson Carbon Value as practical.
FLOC POINT
     All refrigeration oils contain some wax though the
amount varies considerably.  As the temperature of the oil
decreases, the solubility of the wax also decreases.
When there is more wax present than the oil can hold,
some separates and precipitates.
     The method used to determine the waxing
tendencies of a refrigeration oil is the floc test (Fig. 17).  A
mixture of 10% oil and 90% Refrigerant 12 in a clear
container is cooled until the wax starts to separate,
turning the mixture cloudy.  As cooling continues, small

FIG. 17 – FLOC TEST

clusters of wax form.  The temperature at which these
clusters are first noticeable to the unaided eye is the floc
point.
     The free wax that is formed when a refrigeration oil is
cooled can clog metering devices and restrict flow.
     Wax normally deposits out in the colder parts of the
system such as in the evaporator and its metering device
(Fig. 18).  Wax in the evaporator causes some loss of
heat transfer; wax in the metering device can cause
restriction or sticking.
     A good refrigeration oil should not deposit wax when
exposed to the lowest temperatures normally
encountered in the refrigeration system.
NEUTRALIZATION
     Almost all refrigeration oils have some acid
tendencies.  Nearly all oil contains material of uncertain
composition referred to as organic acids.  These are

FIG. 18-WAX DEPOSITS
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FIG. 19-DIELECTRIC TESTING

usually harmless and should not be confused with mineral
acids which are harmful.
     The neutralization number is a measure of the
amount of mineral acid, and is determined by measuring
the amount of test fluid that must be added to the oil to
bring it to a neutral condition.  A low neutralization
number means that few acids are contained in the oil.
     Improper refining may leave a large proportion of
corrosive acid present in an oil.  A low neutralization
number indicates a low acid content.  Acids may corrode
interior parts of the system; they react with motor
insulation and other materials to form sludge which can
eventually cause a complete system breakdown.  A low
neutralization number is highly desirable in refrigeration
oils.
DIELECTRIC STRENGTH
     Dielectric strength is a measure of the resistance of
an oil to the passage of electric current.  It is measured in
kilovolts on a test cell as shown in Fig. 19.  The poles in
the cell are a predetermined distance apart.  They are
immersed in the oil so that current must pass thru the oil
to flow from one pole to the other.  The kilovolts necessary
to cause a spark to jump this gap is known as the
dielectric rating.  Good refrigeration oils normally have a
rating of over 25 kilovolts.
     A dielectric rating is important because it is a
measure of impurities in the oil.  If the oil is free of foreign
matter, it has a high resistance to current flow.  If the oil
contains impurities, its resistance to current flow is low.
     The presence of foreign matter in a refrigeration
system is sufficient reason for considering this test
valuable.  Hermetic motors make a high kilovolt rating
necessary for refrigeration oils since a low kilovolt rating
may be a contributing factor to shorted windings.

FIG. 20-FLASH AND FIRE POINT TESTS

FLASH POINT AND FIRE POINT
     The flash point of an oil is that temperature at which
oil vapor flashes when exposed to a flame.  The fire point
is that temperature at which it continues to burn.
     The apparatus shown in Fig. 20 heats the oil while a
small gas flame is passed closely over the surface of the
oil.  When a flash of fire is noted at some point on the
surface, the flash point has been reached.  The
apparatus continues to heat the oil until it ignites and
continues to burn.  This is the fire point.
     The flash point of a good refrigeration oil is well over
300 F.  Temperatures obtained in the normal refrigeration
system rarely reach this point.  The test for flash and fire
points is important as it is a means of detecting inferior
blends.
     It is possible to get an acceptable viscosity reading
for a refrigerant oil by mixing a small amount of high
viscosity oil with a large amount of low viscosity oil.  The
viscosity of the mixture indicates a satisfactory oil when
actually the low viscosity oil is inferior and breaks down
under normal use.  Fortunately, this can be detected
using the flash and fire point test which indicates the
inferiority of the low viscosity oil.
OXIDATION STABILITY
     Oxidation stability is the ability of refrigeration oil to
remain stable in the presence of oxygen.  The Sligh
Oxidation Test is used to determine this stability (Fig. 21).
     While exposed to oxygen in the flask, the oil is heated
to a high temperature for an extended period of time.  The
solid  sludge  that  is  formed  in  the flask is weighed and
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FIG. 21-SLIGH OXIDATION TEST

FIG. 22-OIL BREAKDOWN

reported as the Sligh Oxidation Number.
     When air enters a system, some moisture generally
accompanies it.   The combination of moisture, air,
refrigeration oil and discharge temperatures produces
acid which creates sludge (Fig. 22).  If oil has a low Sligh
Oxidation Number, the oil breakdown to acid and sludge
is quite slow.
CORROSION TENDENCY
     The corrosion tendency of a refrigeration oil is
measured by the copper strip corrosion test (Fig. 23).
This test is intended to indicate the presence of
undesirable sulfur compounds in the refrigeration oil.
     A strip of polished copper is immersed in an oil
sample in a test tube.  This is subjected to temperatures
around 200 F.  After about 3 hours, the copper is
removed from the oil, cleaned with a solvent, and
examined for discoloration.  If the copper is tarnished or
pitted, then sulfur is present in the oil.  Well refined oils

FIG. 23-CORROSION TEST

FIG. 24-MOISTURE AND AIR IN THE SYSTEM

rarely cause more than a slight tarnishing of copper in
this test.
     A good refrigeration oil should score negative in the
copper strip corrosion test.  If it does not, it contains
sulfur in a corrosive form.
     Sulfur alone is a deadly enemy of the refrigeration
system but, in the presence of moisture, surfurous acid is
formed, one of the most corrosive compounds in
existence.  Though the sulfurous acid converts
immediately to sludge, this sludge is certain to create
serious mechanical problems.
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FIG. 25-COLOR TESTING

MOISTURE CONTENT
     Moisture in any form is an enemy of the refrigeration
system; moisture contributes to copper plating, formation
of sludges and acids, and can cause freezeup (Fig. 24).
No refrigeration oil should contain enough moisture to
affect the refrigeration system.
COLOR
     The color of a refrigeration oil is expressed by a
numerical value that is based on comparison of the oil
with certain color standards.  This is done with the
colorimeter shown in Fig. 25.

     The color of a good refrigeration oil should be light
but not water white.  Continual refining of a lubricating oil
results in a water white color.  It also results in poor
lubricating qualities.
    Under-refining leaves a high content of unsaturated
hydrocarbons which darken and discolor an oil.  These
are believed to be the constituents in oil that act as a
solvent for copper.  Therefore, the aim is to refine the oil
sufficiently to remove these hydrocarbons but not so
much as to destroy the lubricating quality.
SPECIFICATIONS

1. For open and hermetic reciprocating compressors
at standard air conditioning levels, the following oil

       characteristics are typical:
       Viscosity, 150 ± 10 SSU at 100 F

                              40 to 45 SSU at 210 F
           Dielectric (min.), 25 kv
           Pour Point (max.), -35 F
           Flash Point (min.), 330 F
           Neutralization Number (max.), .05
           Floc Point (max.), -70 F
     2.   For centrifugal compressors used for water cooling
           at air conditioning levels, the following are typical
           properties:
           Viscosity, 300 ± 25 SSU at 100 F
                             50 to 55 SSU at 210 F
          Dielectric (min.), 25 kv
          Pour Point (max.), 20 F
          Flash Point (min.), 400 F
          Neutralization Number (max.), 0.1
     3.  For special applications, consult the equipment
          manufacturer.

www.HVAC-ENG.com



A
Absorption cycle
Absorption system
Alcohols

Applications
table 9
properties
table 10
uses

B
Brine

applications
table 9
piping
properties
selection

C
Calcium chloride

applications
table 9
properties
table 10
specific gravity
chart, 7
specific heat
chart 8
thermal conductivity
chart 9
uses
viscosity
chart 6

Classification of oils
Compression cycle

fig. 3
fig. 4

Compression system
Condensers

Cooling coils

E
Equilibrium diagram

fig. 2
Ethanol brine

specific gravity
chart 15
specific heat
chart 16
thermal conductivity
chart 17
viscosity
chart 14

Ethylene glycol
specific heat
chart 20
thermal conductivity
chart 21
viscosity
chart 18

Eutectic mixture
Eutectic temperature

F
Flammability
Friction factors

chart 1
Friction loss

G
Glycols

applications
table 9
properties
table 10
uses

H
Heat transfer comparisons

cooling coils
condensers

Horsepower per ton, 4-6

I
Inhibitors

L
Leak detection, 4-6
Leakage rate, 4-6
Liquid-suction interchanger

M
Methanol brine

specific gravity
chart 11
specific heat
chart 12
thermal conductivity
chart 13
viscosity
chart 10

Miscibility

0

Oil specifications

P
Piping
Properties of oils

www.HVAC-ENG.com



carbonization
color
corrosion tendency
dielectric strength
fire point
flash point
floc point
moisture content
neutralization
oxidation stability
pour point
viscosity

Properties of refrigerants
R 11
R 12
R 22
R 113
R 114
R 500
R 502

Propylene glycol
specific gravity
chart 23
specific heat
chart 24
thermal conductivity
chart 25
viscosity
chart 22

Pump brake horsepower

R
Rate of leakage
Refrigerant properties

flammability
horsepower per ton
leak detection
miscibility
rate of leakage
toxicity
vapor density

Refrigerant selection
absorption cycle
compression cycle

Refrigerant tables
R 11
R 12
R 22
R 113
R 114
R 500
R 502

Refrigerant 11
properties
chart 27

Refrigerants
comparative data
table 1
use

Refrigerant cycles
absorption cycle
compression cycle

Refrigeration oils
classification
properties
carbonization
color
corrosion tendency
dielectric strength
fire point
flash point
floc point
moisture content
neutralization
oxidation stability
pour point
viscosity
specifications

S
Sodium chloride

applications
table 9
properties
table 10
specific gravity
chart 3
specific heat
chart 4
thermal conductivity
chart 5
uses
viscosity
chart 2

Specific gravity
calcium chloride
chart 7
ethanol brine
chart 15

Specific gravity (contd)
ethylene glycol
chart 19
methanol brine
chart 11

propylene glycol
chart 23
refrigerant I I
chart 27
sea water
chart 28
sodium chloride
chart 3
trichloroethylene
chart 26

Specific heat
calcium chloride
chart,8
ethanol brine
chart 16,
ethylene glycol
chart 20
methanol brine
chart 12
propylene glycol
chart 24
refrigerant I I
chart 27
sea water
chart 28
sodium chloride
chart 4
trichloroethylene
chart 26

Specifications of oils

T
Thermal conductivity

calcium chloride
chart 9
ethanol brine
chart 17
ethylene glycol
chart 21
methanol brine
chart 13
propylene glycol
chart 25
refrigerant
chart 27
sea water
chart 28
sodium chloride
chart 5
trichloroethylene
chart 26

Toxicity

www.HVAC-ENG.com



Trichloroethylene
properties
chart 26

V
Vapor density
Viscosity

calcium chloride
chart 6
ethanol brine

chart 14
ethylene glycol
chart 18
methanol brine
chart 10, 
propylene glycol
chart 22, 
refrigerant 11chart 27
sodium chloride
chart 2

trichloroethylene
chart 26
water
chart 28

W
Water

viscosity
chart 28

www.HVAC-ENG.com



Fig. 1 – Absorption Refrigeration Cycle
Fig. 2 – Equilibrium Diagram for Lithium Bromide
Fig. 3 – Reciprocating Compression Refrigeration Cycle
Fig. 4 – Pressure-Enthalpy Diagram, Compression Cycle
Fig. 5 – Effect of Liquid-Suction Interchanger on Compression
Fig. 6 - Effect of Liquid-Suction Interchanger on Capacity
Fig. 7 – Structural Formulas For Refrigerants
Fig. 8 – Miscibility of Refrigerant 12 and Oil
Fig. 9 – Suction Volumes of Refrigerants (CFM/TON)
Fig.10 – Pressures and Temperatures of a Typical Absorption Machine
Fig.11 – Brine Mixture
Fig.12 – Lubrication Characteristics
Fig.13 – Effect of Temperature on Viscosity
Fig.14 – Pour Point Tube
Fig.15 - Pour Point
Fig.16 – Carbon Deposit
Fig.17 – Flog Test
Fig.18 – Wax Deposits
Fig.19 – Dielectric Testing
Fig.20 – Flash and Fire Point Tests
Fig.21 – Sligh Oxidation Test
Fig.22 – Oil Breakdown
Fig.23 – Corrosion Test
Fig.24 – Moisture and Air in the System
Fig.25 – Color Testing

www.HVAC-ENG.com



TABLE 1 – COMPARATIVE DATA OF REFRIGERANTS
TABLE 2 – PROPERTIES OF REFRIGERANT 12, LIQUID AND SATURATED VAPOR
TABLE 2 – PROPERTIES OF REFRIGERANT 12, LIQUID AND SATURATED VAPOR (Contd)
TABLE 3 – PROPERTIES OF REFRIGERANT 12, LIQUID AND SATURATED VAPOR
TABLE 3 – PROPERTIES OF REFRIGERANT 500, LIQUID AND SATURATED VAPOR (Contd)
TABLE 4 – PROPERTIES OF REFRIGERANT 22, LIQUID AND SATURATED VAPOR
TABLE 4 – PROPERTIES OF REFRIGERANT 22, LIQUID AND SATURATED VAPOR (Contd)
TABLE 5 – PROPERTIES OF REFRIGERANT 11, LIQUID AND SATURATED VAPOR
TABLE 5 – PROPERTIES OF REFRIGERANT11, LIQUID AND SATURATED VAPOR (Contd)
TABLE 6 – PROPERTIES OF REFRIGERANT113, LIQUID AND SATURATED VAPOR
TABLE 6 – PROPERTIES OF REFRIGERANT113, LIQUID AND SATURATED VAPOR (Contd)
TABLE 7 – PROPERTIES OF REFRIGERANT114, LIQUID AND SATURATED VAPOR
TABLE 7 – PROPERTIES OF REFRIGERANT114, LIQUID AND SATURATED VAPOR (Contd)
TABLE 8 – PROPERTIES OF REFRIGERANT 502, LIQUID AND SATURATED VAPOR
TABLE 8 – PROPERTIES OF REFRIGERANT114, LIQUID AND SATURATED VAPOR (Contd)
TABLE 9 – TYPICAL BRINE APPLICATIONS
TABLE 10 – BRINE PROPERTIES

www.HVAC-ENG.com



CHART 1 – FRICTION FACTORS FOR COMMERCIAL PIPE
CHART 2 – SODIUM CHLORIDE – VISCOSITY 
CHART 3 – SODIUM CHLORIDE – SPECIFIC GRAVITY
CHART 4 – SODIUM CHLORIDE – SPECIFIC HEAT
CHART 5 – SODIUM CHLORIDE – THERMAL CONDUCTIVITY
CHART 6 – CALCIUM CHLORIDE– VISCOSITY 
CHART 7 – CALCIUM CHLORIDE– SPECIFIC GRAVITY
CHART 8 – CALCIUM CHLORIDE– SPECIFIC HEAT 
CHART 9 – CALCIUM CHLORIDE– THERMAL CONDUCTIVITY
CHART 10 – METHANOL BRINE - VISCOSITY 
CHART 11 – METHANOL BRINE - SPECIFIC GRAVITY 
CHART 12 – METHANOL BRINE - SPECIFIC HEAT
CHART 13 – METHANOL BRINE - THERMAL CONDUCTIVITY 
CHART 14 – ETHANOL BRINE - VISCOSITY
CHART 15 – ETHANOL BRINE - SPECIFIC GRAVITY
CHART 16 – ETHANOL BRINE - SPECIFIC HEAT 
CHART 17 – ETHANOL BRINE - THERMAL CONDUCTIVITY
CHART 18 – ETHYLENE GLYCOL- VISCOSITY
CHART 19 – ETHYLENE GLYCOL- SPECIFIC GRAVITY\

CHART 20 – ETHYLENE GLYCOL- SPECIFIC HEAT 
CHART 21 – ETHYLENE GLYCOL- THERMAL CONDUCTIVITY 
CHART 22 – PROPYLENE GLYCOL- VISCOSITY
CHART 23 – PROPYLENE GLYCOL- SPECIFIC GRAVITY 

www.HVAC-ENG.com



CHART 24 – PROPYLENE GLYCOL- SPECIFIC HEAT
CHART 25 – PROPYLENE GLYCOL- THERMAL CONDUCTIVITY
CHART 26 – TRICHLOROETHYLENE - PROPERTIES 
CHART 27 – REFRIGERANT- PROPERTIES
CHART 28 – WATER – VISCOSITY
CHART 29 – 0IL-REFRIGERANT VISCOSITY (4-59)

www.HVAC-ENG.com



www.HVAC-ENG.com



SYSTEM   DESIGN  MANUAL

SUMMARY OF PART FIVE

This part of the system Design Manual presents
background material to guide the engineer to a better understanding
of the cause, effect and  prevention of water problems in various
water circulating systems. Some of the more common practices for
lessening the effect of scale and corrosion are also included.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

water conditioning-general          1

INDEX

scale and deposit control        2

 corrosion control          3

  slime and algae control        4

water conditioning systems           5

          definitions          6
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     This chapter will help engineers and owners to
recognize the value of conditioned water and its effect on
the economics of an air conditioning plant.  Included are
discussions of chemical and physical characteristics of
water, properties of water sources in the United States,
and characteristics of water circulating systems.
     Since there are many companies specializing in the
field of water conditioning, it is important to retain an
experienced company on a continuous consulting basis
to recommend and to administer conditioning for each
system.  This practice is recommended because the
water conditioning program can vary, depending on the
season of the year, geographical location of the structure
to be air conditioned, and on the changing chemical
characteristics of the make-up water source.
     Water used in air conditioning systems may create
problems with equipment such as scale formation,
corrosion, and organic growths.  As a universal solvent,
water dissolves gases from the air and mineral matter
from the soil and rock with which it comes in contact.
Environmental conditions at the air con- ditioning
equipment may promote slime and algae.  To provide
effective control for all components of a system, an
appraisal of the system and water source is
recommended.  A water conditioning program should be
considered for all systems, though in the final analysis it
may be found unnecessary.
     The techniques and equipment required to solve water
problems vary with the character of the water, the kind
and size of system, and the facilities avail- able.  An
effective water treatment system can be selected for a
particular job, or the program can be designed to treat
only some of the water problems.
BENEFITS OF WATER CONDITIONING
     A water conditioning program influences the eco-
nomic aspects of a system; it helps to insure a
satisfactory and more continuous operation of the air
conditioning system.  Water conditioning lowers power
and maintenance costs, and increases the equipment life.
The following discussion presents some of the reasons
why these economic factors are affected.

     A good water conditioning program produces high
equipment efficiencies.
     Hard water in a natural state is scale forming and, when
heated, tends to deposit a lime scale.  This deposit and
other impurities accumulate on tubes, valves, pumps and
pipe lines, restricting flow and affecting heat transfer.
Figure 1 shows scale deposit in a brass tube.  The finned
copper tubes show the effect of corrosion.  A very thin film
of scale is enough to affect seriously the efficiency of a
heat transfer surface.
     Chart 1 illustrates the effect of various thicknesses of
scale (expressed as fouling factors) on the suction
temperature of a typical flooded cooler.
     Chart 2 illustrates the effect of scale on the con-
densing temperature of a typical water-cooled con-
denser.  Since the amount of work accomplished by the
refrigeration compressor is a function of the lift
(condensing temperature minus suction temperature),
minimum fouling factors result in minimum energy
requirements.
     Chart 3 shows how the compressor horsepower per
ton varies with the scale factor, and how only a small
amount of scale in the condenser can greatly increase the
compressor horsepower.

FIG. 1-TUBES SHOWING SCALE DEPOSIT AND
CORROSION

CHAPTER 1. WATER CONDITIONING_GENERAL
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CHART 1-EFFECT OF SCALE ON SUCTION
TEMPERATURE

     Cleaning may be necessary more frequently if too low
a fouling factor is specified without a water conditioning
program.
     The fouling factor specified for selecting a refrig-
eration system should be chosen with judgment based on
experience.  Table 11 in Chapter 5 lists suggested
fouling factors.

CHART 2-EFFECT OF SCALE ON CONDENSING
TEMPERATURE

Lower equipment first cost is realized by a proper
water conditioning program which allows the selec- tion of
a reasonable fouling factor.
     Equipment first cost is often affected by the foul- ing
factor which is specified by the engineer.  Assume a drive
horsepower is specified along with a particu- lar fouling
factor.  The larger the fouling factor, the more heat
exchanger surface is required to accom- plish the work
load.  This increase is illustrated in Table 1.
WATER PROBLEMS
     Problems produced by water fall into three cate- gories
which are discussed in detail in Chapters 2, 3 and 4
respectively.
     1.  Scale formation caused by hard water reduces
          The heat transfer rate and increases the water
          pressure drop thru the heat exchanger.
     2.  Corrosion can be caused partly by absorption
          of gases from the air so that an aggressive condition      
          is created and water attacks the exposed metal.  In     
          industrial areas this is frequently a major problem   
          because of heavy pollution of the air by flue gases.   
         Corrosion is prevalent in soft water areas.
    3.  Organic growths of slime and algae which
         Form under certain environmental conditions can    
         reduce the heat transfer rate by forming an insulating    
         coating or can promote corrosion by pitting.

CHART 3-EFFECT OF SCALE ON COMPRESSOR
HORSEPOWER
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WATER SOURCE APPRAISAL
     An appraisal of the water supply source should include a
chemical analysis and a determination of composition
fluctuation over a period of time.
     A water supply analysis together with the estimated
water temperatures of the system makes possible a
determination of the problems that may be encountered on
a specific installation.
CONSTITUENTS AND CHARACTERISTICS OF WATER
     The constituents of impurities in water can be classified
as dissolved solids, liquids or gases, and suspended
matter.
     An example of a dissolved solid is sodium chloride or
calcium carbonate in solution.  Dissolved materials cannot
be removed by filtration.  Oxygen and carbon dioxide are
dissolved in water, but in water conditioning for air
conditioning these gases are not normally determined in the
water analysis.  An example of suspended matter which
can be removed by filtration is mud, clay or silt.  Table 2
illustrates the wide range of constituents in typical water
sources.  However, pH is omitted in Table 2 because it may
have a wide range in a particular water.
     Several characteristics of water such as pH value,
alkalinity, hardness and specific conductance are of
particular importance in water conditioning and are
explained in detail.

pH Value
     The pH value is one of the most important control factors
in water treatment.  It is an arbitrary symbol adopted to
express the degree of acidity or alkalinity of a water sample.
Neutral water has a pH of 7.0.  Values below 7.0 and
approaching 0 are increasingly acid while values from 7.0
to 14.0 are increasingly alkaline.  Most natural waters have
a pH of 6.0 to 8.0 Water containing free mineral acids  may
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have pH values below 4.5.  A pH below 7.0 gives rise to
corrosion of equipment with which water comes in
contact.  When the pH is high (above 7.5 or 8.0), calcium
carbonate scale is deposited more readily

The pH is usually measured by an electrometric pH
meter in the laboratory.  It can also be determined by the
use of color indicators, comparing the solution with
standard shades of colors over the range of a particular
indicator.  There are several standard indicator slides to
cover the range from 0-14.0 pH.
     The definition of pH is the logarithm of the reciprocal of
the hydrogen ion concentration (moles per liter).

where H+ is the hydrogen ion concentration.
     When pure water, H2O, ionizes into H+ and OH- ions,
0.0000001 grams of hydrogen ions per liter are liberated.
This can be written as 1×10-7, or as a pH of 7.0.
Alkalinity
     Alkalinity is the most important characteristic of a
water when determining the scale forming tendency.  It is
defined in Chapter 6. Generally, alkalinity is a measure of
the  acid neutralizing power of a water, and is determined
by titration indicator.
    Alkalinity may be classified in two ways with respect to
a pH value as follows:
     1.  Phenolphthalein alkalinity is a measure of the
          carbonate and caustic or hydroxyl ions.  It is
          determined by titrating down to a pH of 8.3.  In
          natural waters phenolphthalein alkalinity is usually
          absent; however, it is sometimes found in water
          which has been softened by lime or soda ash.
    2.  Methyl orange (total) alkalinity is a measure of all
         the alkaline substances, including the
         phenolphthalein alkalinity.  It is determined by
         titrating down to a pH of 4.3.
     The difference between the two kinds of alkalinity is
represented by the presence of the bicarbonate ion.
     The phenolphthalein and methyl orange tests are
commonly used in water conditioning control.  Figure 2
indicates a pH scale showing which constituents can
exist at various pH values.
     Methyl orange and phenolphthalein alkalinities may be
interpreted as follows:
    1.  When there is no indication of phenolphthalein
         alkalinity, this means that all of the alkalinity is

caused mainly by calcium, magnesium and sodium
         bicarbonates. This water has a pH value less than

8.5.

Fig. 2-pH SCALE FOR CONSTITUENTS EXISTING IN
NATURAL AND TREATED WATERS

     2.  When twice the phenolphthalein alkalinity is less
          than or equal to the methyl orange alkalinity, the
         alkalinity is assumed to be caused by calcium,
         magnesium and sodium carbonates and
         bicarbonates. This water has a pH greater than 8.5.
    3.  When twice the phenolphthalein alkalinity exceeds      
        the methyl orange alkalinity, there is no bicarbonate
        alkalinity.  In this case the alkalinity is caused by
        calcium, magnesium and sodium hydroxides and
        carbonates. Such water has a pH value greater than
        8.5.
     The amount of alkalinity and its type in a water
determine to a large extent the type of water
conditioning required.  Examples of how the above  rules
may be used follow.
Example 1-Bicarbonate Alkalinity
     Methyl orange (MO) alkalinity=100 ppm as CaCO3
     Phenolphthalein (P) alkalinity=      0 ppm as CaCO3

     Since this analysis indicates 0 ppm of phenolphthalein
     alkalinity, all of the alkalinity in the water is caused by
     bicarbonates.

Example 2-Bicabonate and Carbonate Alkalinity
     Methyl orange (MO) alkalinity = 100 ppm as CaCO3
     Phenolphthalein (P) alkalinity =      5 ppm as CaCO3  
     Twice the phenolphthalein alkalinity is less than the methyl
     Orange alkalinity.  Therefore, the alkalinity is caused by bi-
     carbonates and carbonates.
     Two times the phenolphthalein alkalinity (2×5)=10 ppm
     carbonate alkalinity as CaCO3.    Bicarbonate alkalinity equals total alkalinity minus carbon-

nate alkalinity (100-10)=90 ppm as CaCO3.

+
=

H
1

10
logpH
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Fig. 3 – COMPARISON OF SOLUBILITIES OF CALCIUM
SULFATE AND CALCIUM CARBONATE

Example 3- Carbonate and Hydroxide Alkalinity
     Methyl orange (MO) alkalinity=100 ppm as CaCO3     Phenolphthalein (P) alkalinity=   55 ppm as CaCO3

    Since twice the phenolphthalein alkalinity (2×55)
    exceeds the methyl orange alkalinity, there is no
    bicarbonate alkalinity present.  All of the alkalinity is
    present as carbonates and hydroxides.
    Two times phenolphthalein alkalinity minus methyl
    orange alkalinity (110-100)= 10 ppm hydroxide
    alkalinity as CaCO3.    Methyl orange alkalinity minus hydroxide alkalinity
    (100-10)=90 ppm calcium alkalinity as CaCO3.
   Examples 1 and 2 are commonly encounted in both once-
thru and recirculating condersing water systems.  Example
3 is seldom encountered.
Hardness
     Hardness is represented by the sum of calcium and
magnesium salts in water although it may include
aluminum, iron, manganese, strontium, or zinc.
     Carbonate (temporary) hardness is attributed to
carbonates and bicarbonates of calcium and/or mag-
nesium expressed in ppm as CaCO3.  The remainder of the
hardness is known as noncarbonate (permanent) hardness
which is due to the sulfates, chlorides, and/or nitrates of
calcium and/or magnesium expressed in ppm as CaCO3.     Noncarbonate hardness is not as serious a factor in
water conditioning because it has a solubility which is
approximately 70 times greater than the carbonate
hardness.  In many cases, water may contain as much as
1200 ppm of noncarbonate hardness and not deposit a
calcium sulfate scale (Fig. 3).

     Water hardness may be classified as follows:

HARDNESS
(ppm as CaCO3)
      less than 15       very soft
     15 to 50       soft
      50 to 100       medium hard
     100 to 200       hard
      greater than 200       very hard

     Hardness is sometimes reduced at the municipal water
distributing plant by the use of a cold lime, cold lime soda,
or by a sodium cation exchanger (zeolite) water process.
The last method is used also in the home for domestic
softening.
     In domestic use hardness is recognized by the difficulty
in obtaining lather without an excessive consumption of
soap.  The insoluble sticky curd is the result of action of the
soap with the hardness.  With hard water a scale is formed
in vessels when water is boiled.
     The most accurate method for determining the hardness
of a water is by calculation from complete chemical analysis
of the water.  Many determinations of hardness made at
water treatment plants are made with soap solutions.  These
results tend to be lower and less accurate than those based
on laboratory tests.  Alkalinity tests may be used to
determine the amount of carbonate and noncarbonate
hardness for control purposes as follows:
 1.  When the methyl orange or total alkalinity
      exceeds the total hardness, all of the hardness is
      caused by bicarbonates and carbonates.
 2.  When the medthyl orange or total alkalinity is
      less than the total hardness:
     a.  Carbonate hardness equals the alkalinity.
     b.  Noncarbonate hardness equals the total hardness      

      less the methyl orange alkalinity.
        Examples of interpretation of hardness are given here.
Example 4-Carbonate Hardness
     Methyl orange (MO) alkalinity=100 ppm as CaCO3
     Total hardness=95 ppm as CaCO3.

     Methyl orange alkalinity in this case exceeds the total hard- ness;
     therefore, all of the hardness is presen as carbonate hardness.

Example 5-Carbonate and Noncarbonate Hardness
     Methyl orange (MO) alkalinity=100 ppm as CaCO3
     Total hardness=150 ppm as CaCO3
      Total hardness exceeds the methyl orange alkalinity.  The
     carbonate hardness, therefore, equals the alkalinity, and is
     equal to 100 ppm as CaCO3.
     Noncarbonate hardness equals total hardness minus methyl
     Orange alkalinity (150-100) or 50 ppm as CaCO3.

CLASSIFICATION

www.HVAC-ENG.com



Part 5. Water Conditioning | Chapter 1. Water conditioning - general

Specific Conductance
     The specific conductance of a water, defined in Chapter
6, indicates whether galvanic corrosion may be a problem.
See Chapter 3.
METHOD OF ANALYSIS AND EXPRESSION OF
RESULTS
     Water contains a wide variety of dissolved solids or
compounds which are mostly metals joined to acid radicals.
When a sample is analyzed in the laboratory, it is not
feasible to measure the compound.  The metal and acid
radicals are, therefore, determined separately.  Results are
expressed in parts per million (ppm).
     When a salt, i.e., sodium chloride, NaCl, is dissolved in
water, the two ions of which it is composed may be
considered as existing separately; Na and CI can thus be
measured independently.  It is practical to determine the
metal (calcium) separately, irrespective of its combination
with the bicarbonate radical, HCO3, forming calcium
bicarbonate, Ca(HCO3)2, or with the sulfate radical, SO4,forming calcium sulfate, CaSO4.  Similarly the acid radicals
are determined separately; the bicarbonate, HCO3, the
sulfate, SO4, and the choride, CI, are measured irrespective
of the metals combined with them.  In the ionic form, each
element or radical is separated individually.  This method is
convenient and easy to interpret and use.
     Results are expressed in parts per million (ppm),
although grains per gallon (gpg) or equivalents per million
(epm) are sometimes used.  References 2, 3, and 4
describe the entire procedure for making water analyses
and several methods of reporting results.  When units are
expressed in grain per gallon, multiply gpg by (Table 3).
     It is common practice to report some of the constituents
on a common unit or equivalent weight basis.  The unit
weight of the individual substance is calculated by the unit
weight of another substance.  For example, calcium is
usually expressed in terms of calcium carbonate, CaCO3.When constituents are measured by the same unit weight
basis, they can be added or subtracted directly for conveni-
ence in calculating the amount of chemicals required for
treatment.  Another reason to report some of the
constituents on a common unit basis is to simplify the
calculation in order to obtain the noncarbonate hardness
when the total hardness and alkalinity are known.
     The equivalent weight method is illustrated here.  Basic
chemistry states that 20 parts (by weight) of calcium, Ca,
combine with 30 parts of carbonate, CO3 ,  to form calcium

     TABLE 3-CONVERSION FACTORS FOR WATER
ANALYSES

TO CONVERT INTO MULTIPLY BY
Grains per U.S. gallon ppm 17.1
Grains per Imperial gallon ppm 14.25
Grams per liter ppm 1000
Milligrams per liter ppm 1

carbonate, resulting in a total weight of 20+30 or 50.  If the
calcium ion (ppm) is multiplied by (20+30)/20 or 2.5, the
result is ppm of calcium as calcium carbonate.  Thus, 100
ppm of calcium ion represents the same quantity of calcium
as does 250 ppm of calcium expressed as calcium
carbonate, CaCO3.  In a similar manner, substances other
than calcium and carbonate may be expressed as calcium
carbonate by dividing the calcium carbonate total
equivalent weight (20+30) by the equivalent weight of the
other substance.  For example, 12.16 parts of magnesium
combine with the same quantity of any acid radical as does
20 parts of calcium.  The factor for magnesium is
(20+30)/12.16 or 4.12.  Thus, 50 ppm of magnesium ion is
the same quantity as 206 ppm (4.12 × 50) of magnesium
expressed as CaCO3.  Factors for determining equivalent
weights are found in References 2, 3 and 5.  (The unit
equivalent weight of an element is numerically equal to the
atomic weight divide by the valence of the element.
Equivalent weight of an acid radical such as CO3, HCO3,etc., is numerically equal to the molecular weight of the
radical divided by the valence of the radical.)
     Normally the metals and acid radicals are expressed in
the ionic form.  Hardness (both carbonate and
noncarbonate), phenolphthalein alkalinity, and methyl
orange alkalinity are normally given as ppm of CaCO3.  The
undissolved or suspended solids are expressed in ppm.
Usually, analysis of dissolved gases is not made in water
conditioning but, if required, it is reported as parts per
million of the dissolved gas.
WATER ANALYSIS DATA TABLE
     Table 13 in Chapter 5 was compiled from The Industrial
Utility of Public Water Supplies in the United States, U.S.
Geological Survey Water Supply Papers 1299 and 1300.
With this information and the expected water temperature
encountered in a system, it is possible to arrive at a
reasonable guide to the problems that may be expected on
a specific installation.  Notes accompanying the table
explain the source for each column.
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APPRAISAL OF WATER SYSTEMS
     System appraisal includes the number and types of
water circuits, materials of construction, and equipment
location.  Each type of water circuit requires a different kind
of water conditioning.
ONCE-THRU SYSTEM
     A once-thru system may pose either a scaling or
corrosion problem, but usually not both.  If extensive water
conditioning is required, it may be more economical either
to design equipment with a large scale factor and to clean it
frequently or to use expensive corrosion resistant materials
rather than use water conditioning.  Slime and algae may
also be a problem in this system.
CLOSED RECIRCULATING SYSTEM
     Conditioning to prevent corrosion is required, but
seldom is scaling or slime and algae a problem.
OPEN RECIRCULATING SYSTEM
     This system invariably has both a scaling and corrosion
problem.  During the warmer months slime and algae need
control.
CHARACTERISTICS OF OPEN RECIRCULATING WATER
SYSTEMS
     Although there are no special characteristics of once-
thru and closed recirculating systems to interest the water
conditioning engineer, there are several characteristics of
open recirculating water systems to cause concern.  They
are evaporation, windage, cycles of concentration, and
control by bleed-off.
Evaporation
     The evaporation loss in a cooling tower or evaporative
condenser is approximately 1% of the water quantity
circulated per 10 degree drop in water temperature thru the
tower.  This is accurate enough for most calculations.  The
following equation is a more precise method.

Where:
     gpme = water evaporated
     tr     = refrigerating capacity (tons)
     hrf   = heat rejection factor of refrigeration machine
     hfg    = heat of evaporation of water, normally 1050 Btu/lb
Compression refrigeration machines in normal air
conditioning evaporates approximately 0.03 gpm per ton for
cooling towers and evaporative condenser equipment.

Windage
     Windage, a characteristic of spray systems, consists of
small droplets of water carried away from the tower, spray
pond or evaporative condenser by the wind.  Dissolved
minerals as well as water are lost by windage.  The amount
of windage varies with each type of cooling tower, but these
percentages may be taken as typical windage losses,
based on the rate of circulation.

HEAT REJECTION WINDAGE LOSS
EQUIPMENT (%)

    Spray ponds 1.0 to 5.0
    Atmospheric towers 0.3 to 1.0
    Mechanical draft towers 0.1 to 0.3
    Evaporative condensers 0.0 to 0.1
    
Cycles of Concentration
     Cycles of concentration is the ratio of dissolved solids in
the recirculating water to the dissolved solids in the make-
up water.  For example, with three cycles of concentration
the dissolved solids in the recirculating water are three
times as great as in the make-up water.
     The evaporative process, used to cool water in open
recirculating systems, concentrates the dissolved solids in
the water.  This is a characteristic of cooling towers,
evaporative condensers and spray ponds.  For example, a
50 ton system using make-up water having a hardness of
110 ppm and other scale-forming salts has an evaporation
of about 11/2 gallons per minute.  Approximately 10 grains
of mineral salts (equivalent to two aspirin tables) enter the
system each minute.  Assuming a 50% load factor, one
pound of salt enters the system every 24 hours, or 30
pounds per month.  It is important to carry away the scale
forming salts before they deposit on the equipment.
Therefore, salt concentration is controlled by bleed-off.
Windage loss removes some of the dissolved salts.
     A typical flow diagram for an open condenser water
cooling system is illustrated in Fig. 4. The cycles of
concentration C may be calculated as follows:

where:
     gpmb = water lost by bleed-off
     gpme = water lost by evaporation
     gpmw= water lost by windage
All quantities may be expressed either as shown or as a
percent of recirculated water, providing all are represented
in the same units.

fg
e h

hrftr
gpm

24××
=

wb

wbe

gpmgpm
gpmgpmgpm

C
+

++
= (2)
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FIG. 4-TYPICAL FLOW DIAGRAM OF OPEN
CONDENSER WATER COOLING SYSTEM

     The equation may be simplified by combining losses
due to bleed-off and windage.

where:
     gpmbw = water lost by bleed-off and windage (gpm)

CHART 4-RELATIONSHIP BETWEEN
EVAPORATION LOSS, WINDAGE LOSS AND

CYCLES OF CONCENTRATION

NOTE:  Windage loss and evaporation loss are a percentage of    
              the recirculation rate of condensing water.

The relationship between evaporation loss, windage
loss, and cycles of concentration is shown in Chart 4.  For
an example, assume a 10 degree drop in water flow thru
the tower and no bleed-off.  This corresponds to an
evaporation loss of 1.0% of the recirculated water quantity.
From the typical windage losses (1-5%) illustrated for the
spray pond,assume a loss of 2%.  From Chart 4 the cycles

of concentration is 1.5.  If the tower is an atmospheric type
and a 0.6% windage loss is assumed, the cycles of
concentration is 2.7.  In the case of a mechanical draft
tower with a windage loss of 0.2% and the same
temperature drop, the cycles of concentration is 6.0.
     The chloride test2 is used to determine the concentration
of solids in both make-up and recirculated water.  It is not
an effective test for make-up water when the chloride
content is low (0.5-1.0 ppm).
Control of Cycles of Concentration by Bleed-off
     Bleed-off is normally required from all open recir-
culating systems to limit the concentration of solids.  Bleed-
off is more readily obtained by calculating the combined
windage and bleed-off, and then subtracting the windage
as follows.  See Equations 2 and 3 for definition of symbols.

     Bleed-off can be obtained in one step by this formula:

     Examples 6 and 7 illustrate the use of cycles of
concentration and evaporation losses to determine the
required bleed-off.
Example 6-Compressor System
Given:
     Mechan draft cooling tower
     Refrigeration load     = 100 tons
     Heat rejection factor  = 1.25
    Condensing water temperature rise = 10 degrees
    Make-up water methyl orange alkalinity
      = 40 ppm as CaCO3
    Methyl orange alkalinity in recirculated water,
      Not to exceed 170 ppm as CaCO3

Find:
    Cycles of concentration
    Recirculated water quantity (gpm)
    Evaporation loss (gpm)\Windage loss (gpm)
    Bleed-off requirements (gpm)
    Make-up water (gpm)

 Bleed-off requirements (gpm)
    Make-up water (gpm
Solution:
    Cycles of concentration, assuming the air does not affect the
    alkalinity

bw

bwe

gpm
gpmgpm

C
+

= (3) wbwb

e
bw

gpmgpmgpm
1C
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Condensing water quantity

Evaporation loss

       = 2.85 gpm, equivalent to 2.85/300×100 or
         0.95% of the recirculated water flow.

     The evaporation loss may also be calculated as 1% of the
     recirculated water quantity for each 10 degree drop in water
     temperature at the tower, i.e. 300 × 0.01 = 3.0 gpm.
     This is accurate enough for the usual calculation.

Windage loss = 0.1-0.3% of the recirculated water quantity;
assume    0.2%.
     0.002 × 300 = 0.6 gpm.
Bleed-off requirement (Equations 4 and 5)

Make-up water = evaporation+windage+bleed-off
                         = 2.85+0.60+0.28=3.73 gpm

Example 7-Absorption System
Given:
     Absorption refrigeration machine
     Refrigeration load = 100 tons
     Heat rejection factor = 2.6
     Condensing water temperature rise = 15 degrees
     Make-up water methyl orange alkalinity=40 ppm as CaCO3
     Recirculated water methyl orange alkalinity, not to exceed
        170 ppm as CaCO3.
Find:
     Cycles of concentration
     Recirculated water quantity (gpm)
     Evaporation loss (gpm)
     Windage loss (gpm)
     Bleed-off requirement (gpm)
     Make-up water (gpm)
Solution:
    Cycles of concentration
    = 170/40=4.25 (as in Example 6)
    Recirculated water quantity

Make-up water = evaporation+windage+bleed-off
                         = 5.95+0.83+1.00 = 7.78 gpm
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CHAPTER 2. SCALE AND DEPOSIT CONTROL

  This chapter reviews the causes of scale and deposits
and methods used to determine scale-forming tendencies
and systems to prevent their formation.
     When water is heated or evaporated, the formation of
insoluble scale causes serious difficulty in air conditioning
systems (Chapter 1).  Scale forms a protective coating,
reducing corrosion, but at the same time reduces heat
transfer efficiency and capacity.  It also increases the
power requirements.
     The most common scale deposit found in air con-
ditioning equipment is calcium carbonate, although there
may be small amounts of magnesium carbonate and
calcium sulfate present.  Some waters having a high iron
content leave an iron oxide deposit.  Polyphosphates
which are sometimes used to prevent a calcium
carbonate scale deposit may precipitate and form a
sludge of calcium phosphate.
TYPES AND CAUSES OF SCALE
AND DEPOSITS
     Calcium carbonate and calcium sulfate, two of the
materials dissolved in water, have decreasing solubilities
with rising temperature (Fig. 3 and 5).  High temperature
surfaces such as condensers are more susceptible to
scale formation than the low temperature surfaces in the
same water system.
CALCIUM CARBONATE SCALE
     The primary factors causing calcium carbonate scale
in a water system are:
     1.  High methyl orange alkalinity, ppm as CaCO3.     2.  High calcium content, ppm as CaCO3     3.  High pH
     4.  High temperature
     5.  High dissolved solids, ppm
     Normally, methyl orange alkalinity is a good measure
of the amount of calcium bicarbonate in the water.
Calcium carbonate is formed by the decomposition of
calcium bicarbonate according to the chemical reaction:

 Ca(HCO3)2+heat CaCO3+CO2+H2O

     Con
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dioxid
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versely, carbonates are readily converted to the
soluble bicarbonates by the addition of carbon
e or other acidic materials.  (Carbon dioxide gas in
forms carbonic acid.)  This explains the apparent
se in solubility of calcium carbonate with a lowering
 (Fig. 5), the carbonate going into solution as
onate.  Calcium bicarbonate is several times more
 than calcium carbonate.  The addition of acid

ined in this chapter) also produces another effect
anging the bicarbonate and carbonate effect by
ing the bicarbonate and carbonate to a more
 compound, thus allowing a higher concentration
micals in the water.  Thus, a high methyl orange
ity and a high calcium content aid the deposition of

 carbonate.
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As illustrated in Fig. 5, a low pH increases the solubility of
calcium carbonate, whereas a high pH aids the
deposition of calcium carbonate.
     A high temperature decreases the solubility of calcium
carbonate and aids the scale deposit (Fig. 5).
Dissolved solids of high concentration increase the scale
deposit; however, the effect is not great.
CALCIUM SULFATE SCALE
     Calcium sulfate has a high solubility (Fig. 3), and is
seldom a problem in water conditioning unless there is a
high sulfate in the make-up water.  It may be formed (1)
by the action of sulfur dioxide gas from the air dissolving
in water to form sulfurous, H2SO3, or sulfuric, H2SO4, acid
which in turn combines with calcium carbonate, or (2) by
feeding sulfuric acid for calcium carbonate scale control.
Calcium sulfate is limited to 1200 ppm as CaCO3 (1630
ppm as CaSO4). Bleed-off is used to control this
concentration.
IRON OXIDE DEPOSIT
     In the case of well waters possessing a high natural
iron content, deposition of iron oxide from the
decomposition of ferrous bicarbonate takes place in
accordance with the following reaction:
             4Fe(HCO3)2+O2 2Fe2O3+8CO2+4H2O
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LANGELIER SATURATION INDEX
     Professor W.F. Langelier6 advanced the idea, now
widely accepted, of using a calculated saturation index
for calcium carbonate for predicting the scaling or
corrosive tendencies of a natural water.  Calcium   carbo-
nate is usually the chief ingredient of scale found on heat
transfer surfaces in cooling water systems.  The scale that

forms under moderate temperature conditions (50-130 F)
is caused by the conversion of a bicarbonate into calcium
carbonate upon heating; the scale is also affected by an

bi
DGE
ludge may be caused by the products of corrosion in
system.  Polyphosphates which are used to prevent
ium carbonate scale formation may cause a
ipitation of calcium phosphate whenever the

centration of orthophosphate is too high.  (Refer to the
ussion of scale inhibitors in this chapter.)  A sludge
 settle out in the water boxes or tubes.  Consequently,
inimum velocity for a solution to prevent sludge

ling in the tubes is three fps.
EDICTION OF SCALE-FORMING
DENCIES
ater which forms a mild scale can be corrosive,

reas water which forms a heavy scale is less likely to
corrosive.  Corrosive waters usually do not form a
e.  If a correct balance is found in water conditioning,
water will be neither corrosive nor scale-forming, or
 mildly so.  Two indexes can be used to predict
e-forming tendencies.

increase in alkalinity sufficient to cause supersaturation
with respect to the calcium carbonate.  PH has a marked
effect on the solubility of calcium carbonate.
     The Langelier Saturation Index (Is) is determined by
the following:
                              I8=pH-pH8

where:
     pH = pH from test
     pH8= calculated pH of saturation of the calcium carb

   When I8 equals zero, saturation equilibrium ex
is no scale formed or little corrosion.
     When I8 is negative (pH less than pHs), co
bare metal occurs and any small scale is dissolv
     When I8 is positive (pH greater than pHs), tha condition of supersaturation which tends t
scale on the hottest part of the system.
characteristics are shown in Table 4.
     When the Langelier Index is +0.5 or greate
usually occurs.  The severity of scale formation 
in logarithmic proportion to the increase in 
Index values.  For example, a water having an
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theoretically results in approximately 33 times as much
scale as an index of +0.5 in the same system.  Even

though this relation may not be strictly true on a
quantitative basis, it indicates that scaling can be very
heavy when I8 is 2.0.

www.HVAC-ENG.com



Part 5. Water conditioning | Chapter 2. Scale and Deposit Control

Tables prepared by Nordell5 are more convenient for
making repetitive calculations of pHs in determining the
Langelier Index.  The method used by Powell4 is
presented in Chart 5 because the relative effect of the
variables is readily apparent by an ex-amination of the
curves.  Three curves represent log factors of calcium,
alkalinity, and combined total solids and temperature.
These three factors when added together give the pHs.An example is demon-strated on the figure.  A second
example illustrates the Langelier Saturation Index for a
water used in a once-thru condenser.
Example 8-Langelier Index and Scaling Tendency
Given:
     A once-thru condenser
     Methyl orange alkalinity        = 70 ppm as CaCO3
    Calcium hardness        = 75 ppm as CaCO3
    Total solids        = 221 ppm
    pH        = 7.1
    Condensing water temperature  = 100 F
Find:
     Langelier Saturation Index (Is)
    Scaling tendency
Solution:
    From Chart 5:
                 pHs = pALK+pCa+ “c” scale
                       = 2.85+3.13+1.89 = 7.87
          Is   = pH-pHs = 7.1-7.87 = -0.77
   This water is mildly corrosive and nonscale-forming.

    The use of the Langelier Saturation Index indicates the
tendency of a water to be either corrsive or scale-forming,
and is intended only to serve as a guide in prescribing
water conditioning for a given job.  It is not a measure of
the capacity to scale.  A water having a high hardness
and positive saturation index definitely causes a calcium
carbonate scale, whereas a low hardness water with the
same positive saturation index may not form any
appreciable calcium carbonate scale.
RYZNAR STABILITY INDEX
     The Ryznar Stability Index7 is an empirical method for
predicting scaling tendencies, and is based on a study of
operating results with water of various saturation indexes.
                 Stability Index = 2pHs-pH                              (8)
where:
     pHs = calculated pH of saturation of the calcium carbonate
     pH = pH from test

 This index (always positive) is often used with the
Langelier Index to assist in predicting more accurately
the scaling or corrosion tendencies of a water.  Table 5
illustrates how to predict water characteristics with this
index.
PREDICTION OF pH, OPEN RECIRCULATIO SYSTEMS
     The Langelier Saturation Index and the Ryznar Stability
Index are useful in predicting scaling tendencies for
once-thru systems. They also are useful for open
recirculating systems.  However, there is a problem in
predicting the pH for various cycles of concentration.
     When water recirculates thru a heat exchanger and
cooling tower or other aerating device, the pH is usually
different from the pH of the make-up water because the
alkalinity of the water, aeration in the cooling tower, and
contamination of the atmosphere by sulfur dioxide,
carbon dioxide and other gases all influence the pH.
Generally, contamination from the air tends to lower both
the pH and the alkalinity.  The pH for a cooling tower or
for an evaporative condenser in the majority of systems
falls within the shaded area in Chart 6.  The solid line is
used as an average.  Cooling towers operating in a clean
atmosphere normally have a pH higher than the average
line.
     In industrial areas there is sometimes enough sulfur
dioxide and carbon dioxide gases in the air to neutralize
the alkalinity in the make-up water, resulting in a pH down
to 4.0 or 5.0 in some cases.  This is particularly true when
the methyl orange alkalinity in the make-up water is lower
than 50 ppm.  When this condition exists, there is no
scaling; however, corrosion is a problem.  Refer to
Chapter 3, Corrosion Control.
     Special curves and data based on experience are
available from some water treatment companies for
predicting pH values in recirculating water systems.

www.HVAC-ENG.com



Part 5. Water conditioning | Chapter 2. Scale and Deposit Control

EFFECT OF SCALE INHIBITORS ON LANGELIER
AND RYZNAR INDEXES
     The Langelier and Ryznar Indexes are for waters
without scale inhibitors.  A water with scale inhibitors

gives the same index as untreated water.  Consequently,
the index for a treated water may show heavy scaling
although it may not be scale-forming.  Ryznar reports that
with 1.7 ppm of polyphosphate there is little scale formed
with an index of 4.0, whereas this indicates a heavy scale
deposit in untreated water.
Example 9-Scaling Tendency of Cooling Tower System
Given:
     A cooling tower system
    Make-up water methyl orange alkalinity,
        ppm as CaCO3 =   94
    Calcium hardness, ppm as CaCO3 =   85
    Total solids, ppm = 128
    Total hardness, ppm as CaCO3 = 109
    pH =  7.8
    Water temperature (F) = 115
Find:
    Scale-forming tendency
Solution:
    Assume 1, 1½  , 2 and 3 cycles of concentration and determine
    the Language and Ryznar Indexes.

    Multiply the concentration of chemicals in the make-up water by
    cycles of concentration to obtain the concentration for the
various cycles.

CYCLES OF CONCENTRATION I 1 1/2 2 3
Methyl orange alkalinity,
   ppm as CaCO3   94 141 188 282
Calcium hardness,
  ppm as CaCO3   85 128 170 255
Total solids, ppm 128 192 256 384
Total hardness,
  ppm as CaCO3 109 163 218 327
pH 7.8
Results
pH using the average line
  (Chart 6) 7.0 7.4 7.7 8.1
pHs (pH of saturation
  Of CaCO3, Chart 5)  7.54 7.22 6.97 6.63
Langelier Index (pH-pHs)    -.54 +.18 +.73 +1.47
Ryznar Index (2pHs-pH)  8.08 7.04 6.24   5.16

The alkalinity may not vary directly as the cycles of concentration
because some of the alkalinity is neutralized by acid formed when
sulfur dioxide and carbon dioxide gases in the air are absorbed in
the water.  However, this is accurate enough for an estimate.  Note
also that the expected pH (Chart 6) is a rough approximation.
An examination of the Langelier and Ryznar Indexes in the example
and Tables 4 and 5 leads to the following conclusions.
  1. With 1½ cycles of concentration the Langelier Index is +0.18,   
      very slight scaling.  The Ryznar Index is 7.04, very   

 little scale or corrosion. Therefore, 1½ cycles may be
 satisfactory without any conditioning chemicals.  However,

      experience may indicate that a corrosion inhibitor is
      desirable.
  2. With 2 cycles of concentration the Langelier Index is +0.73
      which is scale-forming.  The Ryznar Index is 6.24 indicating
      little scale or corrosion.  Two cycles may be satisfactory, but
      may result in some scale deposit.
 3. With 3 cycles of concentration the water is definitely scale-
      forming.  Scale may readily be controlled by adding 2-5 ppm
      of polyphosphate.  Since the alkalinity at 4 cycles is only 376,
      polyphosphate treatment is satisfactory.

SCALE  DEPOSIT PREVENTION
     Several methods may be used to avoid or lessen the
deposition of scale.
 1.  The increase in total solids caused by evaporation     

      in a recirculating may be controlled by bleeding off    
     some of the water, accompanied by additional    
     make-up water.

     2.  The tendency of calcium carbonate to precipitate
     may be inhibited by the addition of chemicals, i.e.   
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     polyphosphates, which tend to hold the calcium     
     carbonate in solution.

     3. The pH of the water may be lowered by adding an    
acid (usually sulfuric) to reduce the alkalinity, but

         not enough to develop an acid condition which may
         cause corrosion.
     4. The water may be treated before use to remove the
         elements of calcium, magnesium and iron which
         form relatively insoluble compounds.
BLEED-OFF METHOD
     Bleed-off is used in all open recirculating systems
where water is evaporated.  This may be sufficient in
some cases, but additional conditioning is usually
required for either scale or corrosion control, or both.
SCALE INHIBITOR METHOD
     Some materials inhibit crystal growth and thereby
prevent scale formation.  These surface active agents
increase the solubility of the scale-forming salts and
permit an oversaturated condition to exist without
precipitation from solution.    Some of these materials  are
polyphosphates, tannins, lignins and starches.  A combi-
nation of several of these surface active agents may be
more effective than a single material alone.
     Polyphosphates in concentrations of 2-5 ppm are used
to prevent or reduce scale formation.  Chart 7 shows the
bleed-off required to prevent scale formation, both with
and without polyphosphates.  The bleed-off in this figure
is the sum of bleed-off and windage loss (Chapter 1);
subtract the windage loss to obtain the amount of bleed-
off wasted to the drain.  This is an approximate curve

which can be used for rough estimating for the average
air conditioning installation where the condensing
temperature is between 100 F and 120 F.  It is based on a
maximum methyl orange alkalinity of 125 ppm as CaCO3without polyphosphate treatment, and on 400 ppm as
CaCO3 when 2-5 ppm of polyphosphates are used.  The
actual pH, calcium content, and temperature all have a
marked effect on the deposit of calcium carbonate.
Specialience have developed data and curves from
experience which show values both above and below
those shown in Chart 7.  These curves normally include
the calcium content and pH in addition to the alkalinity.
     Polyphosphates which are molecularly dehydrated
phosphates revert eventually to the inaffective ortho-
phosphates when dissolved in water; this reversion takes
place in the recirculating water system.  For this reason
polyphosphates must be stored in the dry form.  Too
great a concentration of the orthophosphate in the system
can result in the deposition of calcium orthophosphate
sludge, particularly when high calcium waters are
involved.  The orthophosphate content of the water is
limited to two or three times the polyphosphate content by
the use of bleed-off.  This is particularly important when
high polyphosphate residuals are carried for corrosion
control.  A method of determining the pH of saturation of
calcium phosphate is described in Reference 8.
ACID METHOD
     Polyphosphates may be used alone or with acid
treatment and corrosion inhibitors.  A greater
concentration of total solids is permitted when acid is
added to the system.  The calcium bicarbonate is
converted to the more stable and soluble calcium sulfate
as illustrated in the following reaction:
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Ca(HCO3)2+H2SO4→CaSO4+2CO2+2H2O

 Thus, acid treatment reduces the alkalinity and, by
tue of this reaction, minimizes the over-saturation of the
lcium carbonate.  Also, calcium sulfate is much more
luble than calcium carbonate.  The use of acid permits
greater concentration of dissolved solids without

ecipitating calcium carbonate.  For estimating purposes
recirculating systems, one ppm of sulfuric acid is
uired to neutralize one ppm of methyl orange alkalinity

 CaCO3 in the make-up water.  Figure 3 illustrates the
 greater solubility of calcium sulfate over calcium
rbonate.
 When sulfuric acid is added to a once-thru system,
ly enough acid is added to neutralize the methyl
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orange alkalinity to lower it to the permissible
concentration.  It is necessary to use only about one-half
of the theoretical sulfuric acid for a once-thru system,
whereas the full amount is required for an open
recirculating system.  In the once-thru arangement, the
acid is introduced upstream of the condenser where both
sulfuric and carbonic acids reduce the alkalinity
(carbonic formed by carbon dioxide and water).  In the
open recirculating system the acid is introduced
downstream of the condenser.  Carbon dioxide gas is
removed by deaeration in the cooling tower.
     Occasionally, inhibited sulfamic acid, HSO3HN2 is
used in place of sulfuric acid.  Sulfamic acid (a white
crystalline material) is safe to handle when dry, is more
convenient for some applications, but is much more
costly than sulfuric acid.  To prevent formation of
ammonium compounds which are very corrosive to
copper, the temperature of the acid solution should not
exceed 160 F.
REMOVAL OF HARDNESS IN MAKE-UP WATER
     Removal of hardness in make-up water for condenser
water cooling systems is seldom necessary although this
is common practice for steam boiler make-up water.  In
the ion exchanger (zeolite) softening process, the calcium
is replaced by sodium which is very soluble.  However,
zeolite softening does not decrease the alkalinity of the
make-up water; a large bleed-off rate still may be
required to prevent scaling.  This is one of several types
of water softening processes.

WATER CONDITIONING METHOD FOR
SCALE CONTROL
     The most common practice is to control the chemistry
slightly on the corrosive side to prevent scale formation
and then add corrosion inhibitors.
     The choice of a particular method or methods for
water conditioning depends upon the chemical
composition of the water, the cost of various methods,
and the economics of the various combinations.
Sometimes a heavy bleed-off may be the only
requirement for a recirculating system, but
Sometimes a heavy bleed-off may be the only
requirement for a recirculating system, but
but is may be more economical to add water conditioning
and save on water cost.  Where bleed-off is required, it
may be controlled by a meter which measures the
conductivity of the water rather than by using a constant
rate of bleed-off.  The conductivity may be a good
indicator of the scaling ability of the water if the majority of
the impurities are calcium and bicarbonates.  When there
is no corrosion problem, a simple or partial treatment to
prevent scaling may be selected which may require an
occasional acid cleaning of the condenser rather than a
complete water conditioning program.  This partial
treatment is more applicable to the small system when
the cost of feeding equipment and consulting services
may be large compared to the cost of an occasional
cleaning of the condenser tubes.  In many locations there
is a severe corrosion condition and water conditioning for
corrosion prevention is necessary, even though scaling is
not a problem.
     Chapter 5 gives details for water conditioning to
prevent scale formation for the several types of systems.
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CHAPTER 3. CORROSION CONTROL

This chapter includes a discussion of the types and
causes of water circuit corrosion and methods used to
prevent corrosion in a system.  Corrosion monitoring and
problems external to the conventional water system are
also presented.
     Corrosion cause and prevention is a large field which
is briefly discussed here.
     Corrosion in an open water recirculating system in
which water sprays come in contact with air is a greater
problem than scale deposit.  In some industrial areas, it is
not uncommon for pipes or parts of a cooling tower
system to corrode thru in two to three years; in severely
corrosive atmospheres pipes may perforate in less than a
year.
     Corrosion products reduce the capacity of the lines,
increase frictional resistances, and increase pumping
costs.  The products of corrosion have a volume several
times that of the metal they replace.  Often they may
obstruct or stop flow and clog nozzles in small lines.
TYPES OF CORROSION
     An air conditioning system may have several types of
corrosion in the water system, as characterized by one or
more of the following:
     1.  Uniform corrosion
     2.  Pitting corrosion
     3.  Galvanic corrosion
     4.  Concentration cell corrosion
     5.  Erosion-corrosion
UNIFORM CORROSION
     Corrosion due to acids such as carbonic or others
effect a uniform metal loss.  It is the most common type of
corrosion encountered in acid environments, and the
easiest to predict and control.

PITTING CORROSION
     Pitting corrosion is a nonuniform type, the result of a
local cell action which is produced when particles are
deposited on a metal surface either as flakes, solids or
bubbles of gas.  The pitting is a local accelerated attack,
causing a pit or cavity around which the metal is relatively
unaffected.  Centralized corrosion in pits creates deeper
penetration and more rapid failure at these points.
Oxygen deficiency under a deposit sets up anodic areas
to cause pitting.  Sometimes oxygen causes pitting
corrosion as does galvanic cell action.
GALVANIC CORROSION
     Galvanic corrosion occurs when dissimilar metals are
present in a solution capable of carrying an electric
current.  It is a form of electrochemical corrosion where a
difference in potential associated with the metals
themselves causes a small electric current to flow from
one metal to the other thru the electrolyte.
     Table 6 is a galvanic series of metals and alloys.  It is
based on corrosion tests in the laboratory under plant
operating conditions, and has basic characteristics which
make it analogous to the electromotive series in
textbooks.  However, the metals are not exactly in the
same order.  When who metals in the same group are
joined together, they are relatively safe.  Conversely, the
coupling of two metals from different groups causes
accelerated corrosion in the less noble or the metal
higher in the list.  The greater the difference in position in
the table, the greater the accelerated corrosion.  For
example, when iron and zinc are joined together, the zinc
is corroded and the iron is not affected.  Corrosion is
accelerated on the zinc, but not on the iron.  When
copper and steel are joined together, corrosion is
accelerated on the
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steel but not on the copper.  The greater the copper area
in relation to the steel, the faster is the rate of corrosion.
On systems in which all piping and coils are made of
copper except for a few steel nipples, the steel parts are
subject usually to a rapid corrosive attack and failure in a
short time.  In such a situation a nonferrous metal should
be used instead of steel.  Corrosion inhibitors reduce the
corrosion rate but do not eliminate galvanic corrosion.
CONCENTRATION CELL CORROSION
     Concentration cell corrosion is similar to galvanic
action.  However, the difference in potential arises from
differences in the electrolyte.  This potential may be
produced by differences in ion concentration, oxygen

concentration or pH, or may be caused by dirt, foreign
matter or a gas bubble adhering to the metal surface.
Each pit in a pitting corrosion represents a concentration
cell or anode.  The metal surrounding the pit is the
cathode.

EROSION-CORROSION
     The impingement of rapidly moving water containing
entrained air bubbles and/or suspended matter, i.e. sand,
may remove or prevent the formation of coatings to permit
general corrosion of the metal.  This action commonly
occurs near the tube inlet ends, or it may extend along
the entire tube length.  Unfortunately, experimental data is
unavailable to determine the maximum allowable water
velocity without damage to the protective film.  The
circulation of solid matter in the system may cause
complete deterioration of the tube or pipe walls,
particularly on the bottom surface and at the elbows.
Abrasive solid matter can be removed by filters.
     Since erosion is a function of operating hours, water
velocity and suspended materials in the water, the
selection of a design water velocity is a matter of
judgment.  Table 7 lists the approximate maximum
velocity thru copper tubes of a heat exchanger (a cooler
or a condenser) to minimize erosion.  The values are not
intended to be top values.  They are based on many
years of experience, and permit the attainment of
optimum equipment life under normal conditions.  Use
only 70% of these velocities for heat exchangers where
the water temperature ranges from 140-180 F.
     Erosion of a centrifugal pump impeller caused by
cavitation pitting9 can occur in a corrosive hot water
system when the pump is operated at the bottom end of
the pump curve.  Although not a normal selection point,
this condition may occur when too great a safety factor is
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used for the estimated pipe friction, particularly since the
loss in new pipe is less than the loss obtained in design
tables.
OTHER TYPES OF CORROSION
     Sometimes corrosion is caused by the dissolution of
the more noble metal which is plated out on the anodic
member, thus setting up small galvanic cells and causing
pitting corrosion.  Such corrosion is difficult to control by
use of inhibitors.  Water tends
to pick up small amounts of copper while passing thru
cuprous parts of the system and to deposit this copper on
steel parts.  Only a small amount of copper, i.e. 0.1 ppm
in the water, is sufficient to cause this type of corrosion.  It
can usually be controlled by maintaining the pH above
6.7.  An acidic condition or presence of chloride or
bromide salts in the water is necessary for this type of
corrosion.  Copper is satisfactory if the chloride content of
the water does not exceed 200 ppm.  If 200 ppm is
exceeded, the decision of whether to use copper should
be determined by experience and consultation with a
corrosion engineer.  The concentration of the inhibitor
should be increased when chlorides are present.  Certain
inhibitors,10 i.e. BTT (2-benzothiazolethiol), may be used
to prevent dissolution of the copper.
     Other types of corrosion11, 12, 13, 14, 15 are dezincification,
corrosion fatigue, and stress corrosion.  How ever, since
these are uncommon, they are not discussed here.
CAUSES OF CORROSION
     Although many factors contribute to corrosion in
cooling systems, the chief factor is dissolved oxygen in
the cooling water.  The reaction of dissolved oxygen with
ferrous metal is accelerated with temperature as

illustrated in Chart 8.  The chief variables controlling the
corrosive characteristics of a water are:
     1.  Dissolved oxygen concentration
     2.  Temperature
     3.  Carbon dioxide content
    4.  pH
     5.  Dissolved solids
     6.  Suspended solids
     7.  Velocity
     Neutral water (pH of 7.0) saturated with air corrodes
iron at a rate three times that of air-free water.  Hot water
containing oxygen corrodes iron three or four times faster
than cold water.
     Most natural waters contain dissolved substances
such as carbon dioxide, oxygen, chlorides and sulfates,
all of which corrode metal that is in contact with water.
Corrosion affects the heat exchangers, pumps, cooling
towers, air washers and piping.  In an open recirculating
system such as a cooling tower, evaporative condenser
or air washer, most of the corrosion is due to the
absorption of acidic impurities from the air thru which the
water has passed.  This is particularly true in a large city
with a low alkalinity water supply.  Here, the combustion
of carbon and sulfur in fuels produces large amounts of
sulfur dioxide, SO2, and carbon dioxide, CO2, in the flue
gases from boiler plants.  Table 8 illustrates the amount of
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carbon dioxide and sulfur dioxide gases in the
atmosphere.
     The pH is affected directly by the concentration of
carbon dioxide which forms carbonic acid.  A low pH
increases the corrosion.  Corrosion of iron decreases as
the pH of water increases, and practically
ceases at a pH of 11.  However, a high pH cannot be
tolerated because of scale formation in heat wood.
     Dissolved solids, particularly chlorides and sulfates,
intensify the corrosive effect of oxygen and carbon
dioxide.  Higher solid particularly affect corrosion when
there are dissimilar metals in the water circuit.
     Suspended solids may wear away metal or prevent the
maintenance of a protective film by the corrosion
inhibitors.
     An increase in the flow rate generally increases
corrosion.
CORROSION CONTROL
     A coating of zinc on steel can be used to prevent the
corrosion of steel.  Various organic and inorganic
coatings can also be used, but not in a piping system
because the coating cannot be readily maintained.
Certain chemicals in small concentrations protect metal
by forming a thin monomolecular film or barrier on its
surfaces to prevent the electrochemical process.  These
corrosion inhibitors greatly reduce the rate of corrosion.
     Corrosion may be minimized by several methods:
     1.  Use of organic or inorganic corrosion inhibitors.
     2.  Formation of a thin film of calcium carbonate on
          metal surfaces.
     3.  Control of pH in the range of 7.0 to 8.5.
     4.  Use of mechanical deaeration of water.
CHROMATE INHIBITORS
     The chromates are used extensively to inhibit
corrosion and are effective in the water of air conditioning
systems in concentrations of 200-500 ppm at a pH of 7.0
to 8.5.  For corrosion prevention the optimum range in pH
is 7.5 to 9.5, but there is a greater problem of scaling at
the higher pH.  Consequently, the pH is held to the lower
side where corrosion protection is excellent.  Sodium
bichromate, Na2Cr2O7• 2H2O, is the most commonly used
chromate compound because it is more economical.
Sodium chromate, Na2CrO4, is also used.  Chromate
concentration is stated in ppm as chromate ion although
some treatments may describe concentration in ppm as
sodium chromate.  The percent of chromate ion in these
chemicals is illustrated in the following table:

Sodium bichromate is acidic and, when dissolved in
pure water at common concentration, has a pH of less
than 5.0.  Sodium carbonate (soda ash, Na2CO3) or
sodium hydroxide (caustic soda, NaOH) is added to raise
the pH.  To completely neutralize 100 pounds of sodium
bichromate requires 36 pounds of soda ash or 27 pounds
of caustic soda; the resulting compound is sodium
chromate which has a pH of about 8.0 in the normal
concentration.  On small systems the more costly sodium
chromate is sometimes used to avoid the addition of the
alkali.  Some treatments may require the mixing of soda
ash with sodium bichromate in various proportions,
depending upon the alkalinity of the treated water.
Unless packaged in vapor tight containers, caustic soda
absorbs moisture from the air and tends to form lumps if
premixed with the bichromate.
Chromate Inhibitors in Hot Water Systems
     A greater concentration of chromate is required for
high temperatures.  Hot water heating systems16 are
treated with 1000-2000 ppm of chromate.  In cooling
water for natural gas and diesel engines, 800-1200 ppm
of chromate are used.
Low Chromates with Other Inhibitors
     Much lower concentrations of chromates may be used
to obtain a satisfactory over-all corrosion rate, but this
may lead to pitting.  Conversely, pitting corrosion does
not occur when high concentrations are used.  A
treatment permitting pitting is unsatis-factory.  To reduce
the cost of conditioning chemicals, other systems17,18

have been developed, using low concentrations of
chromates and high concentrations of phosphates.
Concentrations having a total mixture of 30-60 ppm of
chromates and polyphosphates have been used to effect
a substantial reduction in corrosion and pitting.  When
high concentrations of polyphosphates are used, there
may be some calcium phosphate sludge precipitated as
explained in Chapter 2.
     Low chromate concentrations with other inhibitors are
becoming more popular for air conditioning systems.  The
petrochemical and chemical industries use these
inhibitors for large systems where optimum life of
equipment may be only seven to ten years due to
obsolescence of process.  Research is improving this
blend of inhibitors.
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There are many proprietary formulations of several
generic compositions19 in total treatment concentrations
of 20-80 ppm.  Usually there is some chromate mixed
with one or more other compounds of polyphosphates,
zinc, fluorides or organic synergizing agents.  A
controlled range of pH is required for each formulation;
these are sometimes narrow and call for a relatively low
pH.  The following are examples of the particular ranges
of these formulations: 6.0-6.5; 6.4-6.8; 6.8-7.4; 6.7-7.7;
6.5-7.5.
     The narrow range indicates the application of an
automatic pH controller which is costly and may be
justified only on large systems.  Pitting corrosion may
occur if the pH is not maintained within the recommended
limits.  Accelerated laboratory tests19 at 140F show that
there is pitting with some formulations in the
recommended pH range.
Disadvantages of Chromates
     The characteristic yellow color of chromates which
stains the sides of the tower, building or cars in the
adjacent parking lots is objectionable.  However, it is
advantageous because it permits an approximate control
check on the chromate concentration by a color
comparison of a water sample with a set of color
standards.  Another objection may arise from service
operation of control valves or coils in executive offices,
hotels or apartments when water spilled on rugs leaves a
yellow stain.
     Disposal of the treated water to sewage systems or
streams may be subjected to ordinances or may be
objectionable because of its yellow color.
POLYPHOSPHATE INHIBITORS
     A low concentration of polyphosphates (2-4 ppm) is
effective in preventing tuberculation.  These compounds
maintain cleanliness of the pipes although they are not
very effective in preventing corrosion, except when used
with chromates.  Polyphophates are used for scale
control primarily.
NITRITE INHIBITORS
     Colorless sodium nitrite has had widespread use as a
corrosion inhibitor where chromate staining is
objectionable.  It is not as effective as the chromates, and
it is difficult to maintain effective concentrations because
of water infection with organic slimes or bacteria which
feed on the nitrite.  Periodic treatment of the water with
biocides can control the problem of these nitrite-feeding
bacteria.  The concentration for air conditioning systems
is 200-500 ppm of nitrite ion.  When the chloride ion is
present, nitrite concentration22 should be maintained at a
higher level.20

Also, sulfates affect the performance of nitries adversely.
Some water treatments recommend a nitrite concentration
approximately twice as great as chromates to provide
equivalent protection.  Generally, the pH should be
maintained above 7.0 to make the treatment effective.
INHIBITORS FOR ALUMINUM COOLING TOWERS
     Aluminum cooling towers21 constructed of an alloy
such as Alclad 3S or Alclad 4S can be protected
adequately by the use of 200-500 ppm chromate
accompanied by a pH of 7.0 to 8.5.  Contact between
dissimilar metals must be avoided.  It is particularly
important that aluminum be cleaned regularly.  Painting of
the pan or basin interior and other surfaces on which dirt
can settle is necessary to minimize concentration cell
corrosion.  It is important to keep the pH above 7.0
because traces of copper, iron and other metals in an
acidic water can lead to rapid and serious pitting of
aluminum.  See Reference 21 for detailed
recommendations.  Another method of treating aluminum
towers or piping is the use of a mixture of
polyphosphates, citrate and mercaptobenzothiazole.22

DEPOSITION OF CALCIUM CARBONATE FILM
     The deposition of a controlled thin calcium carbonate
film on a heat exchanger and piping can be used to
prevent corrosion.  However, it is seldom used except in
once-thru systems.  The amount of deposit is adjusted by
control of the Langelier Saturation Index, above+0.5
(Chapter 2).  Since temperature is one of the variables, a
deposit forms on the surfaces at higher temperatures but
not at lower temperatures.  An adjustment for pH is made
by the use of an inexpensive alkali such as line, caustic
soda, or soda ash to increase the scale formation or by
the addition of acid to decrease it.
CONTROL OF pH
     In industrial areas the atmosphere contains large
amounts of sulfur dioxide and carbon dioxide gases
which, when absorbed in the cooling tower water, tend to
make it an acidic solution.23 Although the make-up water
may be neutral, the acidity picked up from the air may be
sufficient to neutralize the alkalinity in the water and to
form an acid condition.  The pH of the recirculating water
may be as low as 4.0 or 5.0; in extreme cases, even
lower.  The addition of alkali such as caustic soda or soda
ash is used to raise the pH.  If the pH is too high, sulfuric
acid is normally added to reduce it.  The upper limit of pH
of a water system is selected to prevent scale formation,
not for control of corrosion.
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MECHANICAL AND CHEMICAL DEAERATION
     Mechanical and chemical deaeration may be applied
to once-thru systems to remove oxygen or other corrosive
gases; however, these methods are not normally applied
to air conditioning systems.
CORROSION MONITORING
     Corrosion may be monitored with test coupons, made
of the identical materials to be checked and installed in
the system.  Accurate results are provided by a minimum
exposure of thirty days.  Corrosion rate is normally
expressed as mils per year (mpy) and is calculated on
the basis of initial weight, final weight after cleaning and
drying, surface area and density of metal.
     Thirty days exposure of mild steel coupons in a steel
piping system of approximately ¼-inch wall thickness,
may be rated as follows:

These ratings apply to uniform corrosion.  When
pitting attack occurs even with less than a 2 mils per year
corrosion rate, there is not sufficient protection.  If wall
thickness is less than ¼ inch, the acceptable corrosion
rates are decreased proportionally.
     When copper tubes are used in a system, the
corrosion rate on the corresponding test coupons must
be less than I mil per year.  Pitting cannot be tolerated.
The corrosion rate on copper is generally much lower
than on steel in the same system unless chlorides or
some compound corrosive to copper is in the system.
INSTALLATION OF TEST COUPONS
     Samples of mild steel approximately 3” x 3/8” x 1/8”
thick are accurately weighed in the chemical laboratory,
then carefully wrapped and placed in tight containers
until installed in the water system.  Figure 6 illustrates how
the test coupons are installed.  They are mounted in
plastic holders to insulate the coupon from the pipe; they
must not touch the pipe.  Flow is parallel to the coupon at
a velocity approximately 3 feet per second.  If the system

is a closed type, or if the required bleed-off is less than
that removed by the test installation, the water is pumped
back into the system.  An alternate piping arrangement
used is shown in Figure 6.  The coupon is made of the
identical material which is to be checked in the system.
When two metals such as steel and copper are used in
the system, a couple or a special coupon can be made
by bolting together a strip of steel and copper, using a
stainless steel bolt and nut.  The coupons are returned to
the chemical laboratory where they are cleaned, dried
and weighed.
ELECTRICAL RESISTANCE METHOD
     Another method of corrosion monitoring which has
been used for the past few years is the electrical
resistance method.  With this method corrosion rates can
be measured as the corrosion occurs and a corrosive
condition can be detected and corrected before any
harm has been done.  The corrosion is measured by
determining changes in the resistance ratio of a
measuring element immersed in the water and a
reference element of the same metal protected by a
coating.  As corrosion occurs the electrical resistance of
the measuring element increases.  This increase can be
measured by a bridge circuit by balancing an adjustable
resistance with the measuring element and the reference
element.  The change in resistance required to rebalance
the circuit is an indication of the corrosion rate.
EXTERNAL WATER CIRCUIT CORROSION
     Corrosion can also occur on sprayed coils and
underground piping unless precautions are taken.
COIL CORROSION OF AIR HANDLING UNITS
     Target sprays, sometimes used in a once-thru system
for humidification in air handling units, leave no
appreciable concentration of chemicals in the
condensate pan.  Aluminum fins on copper tubes are
commonly used for cooling coils.  A corrosive attack can
occur on the aluminum fins whenever the water sprayed
over the coil has a high electrical conductivity; this
corrosion is due to galvanic action.  Based on several
years experience, aluminum fins may be used on copper
tubes with once-thru city water sprays when the specific
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conductance of city water is less than 500 micromhos.
The specific conductance for city waters for all major
cities is shown in Table 13, Chapter 5.  If 500 micromhos
is exceeded, copper fins on copper tubes are used.
Normally, copper fins on cooling coils are dipped in
solder.
     Aluminum fins on copper tubes are never used when
humidification is accomplished by a recirculating spray
water system.
CORROSION OF PIPES BURIED IN THE GROUND
     Chilled water and condenser water lines are
sometimes buried in the ground.  Chilled water lines are
not normally insulated because of insufficient temperature
difference between the ground and pipe.  Cast iron in the
ground has good resistance to corrosion, but steel pipe
needs protection.  A bituminous coating applied in a
molten condition over a prime coat such as red lead
provides adequate protection.  A wrapping of asbestos
fabric saturated With bitumens over

this coating gives additional protection because it
prevents movement and displacement of the coating.
Galvanized wrought iron or steel pipe in the ground is
corrosion resistant when the zinc coating is 3 ounces or
more per square foot.  Zinc is on the electrochemical
protective side of iron; as the zinc corrodes, it is changed
into zinc compounds before the iron is attacked.
     It is good practice to ovoid embedding pipe in earth of
high salt content
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CHAPTER 4.  SLIME AND ALGAE CONTROL

     This chapter describes the slime and algae organisms
which affect the operation of air conditioning equipment,
and discusses the chemicals and methods used to
control biological fouling.  Wood deterioration and its
control is also included.
TYPES OF BIOLOGICAL FOULING
     Slime and algae are microorganisms capable of
multiplying rapidly and producing large masses of plant
material.  Table 9 presents a group listing and description
of the slime-forming organisms usually encountered only
in open recirculating systems.  Slime and algae prevent
the maintenance of heat transfer in condensers because
they readily attach to surfaces to form slime deposits with
a high insulating value.
     These organisms are classified with respect to type,
as algae, fungi and bacteria.
     The species of algae which are of prime importance in
cooling water systems are found in locations where they
have access to light and air.  In the presence of sunlight
these microscopic plants carry on processes of
photosynthesis to manufacture food and release oxygen.
Masses of living algae on metal surfaces can accelerate
corrosion in the form of pitting.  Dead algae lodged in
heat transfer units can cause corrosion cell action to
effect pitting of the metal.
      The second type of biological fouling known as fungi
lack chlorophyll so they cannot manufacture their own
food.  Molds and yeasts are in this group.  They are
dependent on food to be found in water, and use a wide
variety of nitrogenous and cellulose material as food
sources.
     The third type is bacteria which form slimes, although
not all are slime formers.  One group reduces the sulfate
content of water to the corrosive sulfide ion.  Another
group utilizes soluble iron, and deposits insoluble iron
oxide in a slimy sheath around their cells.  Some types of
bacteria feed on nitrites used as corrosion inhibitors.  The
growth of this particular group must be kept under control
when sodium nitrite inhibitor is used.

            TABLE 9-PRINCIPAL SLIME FORMERS

PHYLA ROUGH DIVISION OF PHYLA
Single celled, sometimes forming slimy sheets.

Algae Many celled in either sheets or fronds.

Bacteria (Schizomycetes) frequently forming slimy
Surface coatings.
Slime Molds (Myxomycetes) forming slimy sheets as
One stage of their life history.
Sac fungi (Ascomycetes) of which one division, the

Fungi Yeasts, occasionally form slimy aggregates.
The alga-like fungi (Phycomycetes) and the stalked
Fungi (Basidomycetes) rarely form slimes but their
Filaments may hold together the slimes of other
organisms.

From ASHRAE Guide and Data Book, 1961.  Used by premission.

CONTROL OF BIOLOGICAL FOULING
     Chemical treatment, rather than removal by
mechanical cleaning, is a more satisfactory method of
combating these organisms because of the
inaccessibility of many of the areas in pipes and
equipment.  Fungi and bacteria live in dark areas of the
system such as heat exchangers and piping, as well as in
light areas such as cooling towers or evaporative
condensers.  If slime and algae are allowed to form an
appreciable deposit, it should be removed where
practical by mechanical means, and flushed from the
system before chemical treatment.
CHEMICALS
     Table 10 gives a list of common chemicals used for
slime control.
     Frequently, microorganisms build up an immunity to a
particular algaecide, but not to chlorine.  This
characteristic makes it necessary to change to other
compounds periodically.
Chlorinated Phenols
     The most widely used chemicals are the chlorinated
phenols, particularly sodium pentachloro-phenate,
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because they are easy and safe to use.  These
compounds control most slime and algae conditions.

TABLE 10-COMMON CHEMICALS USED FOR
SLIME CONTROL

PHYSICAL
CHEMICAL TRADE NAME STATE*

Chlorime Chlorine Gas
Hypochlorites Calcium Hypochlorites Crystalline

Sodium Hypochlorites
Chlorinated Chlorophenylphenate Briquettes
   Phenols, Tetrachlorophenate Briquettes
   Sodium-- Pentachlorophenate Briquettes
Potassium

Permanganate
Permanganate of Potash Crystalline

Copper Sulfate Blue Vitriol Crystalline

*As shipped.
From ASHRAE Guide and Data Book, 1961.  Used by permission.

Concentrations of 200 ppm of sodium pentachloro-
phenate are enough for shock feeding.  The alter-
nate use of the chlorinated phenols and chlorine is often
the best control.

Copper Sulfate
     Copper sulfate may be considered a specific
algaecide for algae since 0.5 ppm kills most of the
common forms.  Surface active agents are included to
prevent precipitation of the copper ion at a high pH.
Wetting agents are also included.  Other toxicants are
used with copper sulfate for control of bacteria because it
alone does not kill many types of bacteria.  Copper
sulfate is corrosive to steel.
Potassium Permanganate
     Potassium permanganate is a powerful oxidizing agent
and is highly toxic toward many microorganisms.
However, dead as well as live organic matter consumes
this compound, thus increasing chemical consumption.
Chlorine
     Chlorine is one of the most effective chemicals for
control of slime and algae.  However, it is not often used
in the smaller or medium size installations because of
handing difficulties.  A residue of only 0.5-1.0 ppm kills
bacteria and most micro-organisms, but since chlorine
acts on all oxidizable matter, organic matter, hydrogen

sulfide, ferrous iron, etc., the demand must be satisfied
before the required residual can accumulate. When large
amounts of chlorine are required, it is obtained in liquid
form and fed to the system by a chlorinator.  Generally,
liquid chlorine with a chlorinator is used only on large
systems, 2000 tons and up.  Special handling equipment
and safety precautions4, 24 are required for liquid chlorine.
When small amounts of chlorine are needed, compounds
such as calcium or sodium hypochlorite can be used.
     When chlorine is used continuously in a system, a
concentration of 0.3-.5 ppm is sufficient.  When
intermittent chlorination is practical, the concentration is
raised to 1.0 ppm for several hours; then feeding is
discontinued for several hours.  The chlorine is held at a
maximum of 1.0 ppm to minimize attack on the cooling
tower wood.  The pH should not exceed 8.0 during
chlorination and should be held preferably in the range of
6.0 to 7.0.  Chorine is measured in the recirculated water
to the tower, not after the water cascades over the tower.
The water passing thru the tower has its chlorine residual
decreased or nearly depleted as some of the chlorine is
absorbed into the wood.
Quaternary Ammonium Compounds
     Some of these compounds in high concentrations are
toxic to slime and algae growths.  Certain quaternaries
react with or are absorbed by organic matter in
recirculated water systems, thus losing some of their
effectiveness.  Volatilization of some compounds occurs
when the water passes over a cooling tower.
Other Compounds
     There are many proprietary algaecides and biocides
available to control biological growths.  They may be
mixtures of some of the previously mentioned chemicals
or other compounds depending on the supplier.
METHODS OF TREATMENT
     No toxic agent is effective for the control of all types of
biological fouling.  Selection of the toxicant is based on
the microorganism present and the chemicals used for
scale and corrosion control.  The methods and frequency
of feeding must be varied to suit the individual problem.
Compounds may be used to clear the cooling tower of
algae, but there may still be active bacteria producing
slime in the heat exchanger.  Chromates used as
corrosion inhibitors also inhibit the growth of some slime-
forming organisms.  The compatibility of the toxicants with
other treatments used for scale and corrosion must be
known.  This illustrates again the need for the services of
a water conditioning specialist.
     Feeding of algaecides and biocides in shock doses is
more effective and economical than continuous feedings.
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     Chapter 5 gives some details of water conditioning to
prevent biological growth in several types of water
systems.
     For a comprehensive treatment of slime and algae
control, see References, 2, 25 and 26.
WOOD DETERIORATION AND ITS CONTROL

Wood in cooling towers is subject to three main types
of deterioration:  physical, chemical and biological.  The
three types occur simultaneously.
     Wood is composed of cellulose, lignins and natural
extractives.  The cellulose is similar to cotton fibers and
gives wood its strength.  The lignins provide the
cementing agent which holds the fibers together.  The
extractives create wood resistance to decay.  It is these
substances which make redwood so durable.  However,
the extractives are soluble and are leached from the
wood by water.  Although this action does not seem to
affect the strength of wood, decay may take place more
rapidly.
     Chemical deterioration usually causes delignification,
indicated by the bleached appearance of wood.  The
chemicals commonly responsible for this attack are
oxidizing agents such as chlorine, and alkalies such as
calcium bicarbonate, calcium carbonate and sodium
carbonate.  Chemical attack most frequently takes place
in the fill and in the flooded portions of the tower.

 Chemical deterioration is controlled by maintaining the
pH below 8.0, preferably in the range of 6.0 to 7.0.  The
free chlorine residue should be maintained at less than
1.0 ppm when using intermittent chlorination.
     Biological attack occurs as surface rot and as internal
decay.  The organisms feed on the cellulose, leaving the
lignins; consequently the wood loses much of its strength.
Internal decay in cooling towers occurs in the plenum
areas, cell partitions, doors and fan housing and
supports; surface rot occurs in the flooded area.
     The agents which prevent chemical deterioration of
wood also minimize biological deterioration of the surface
type.  Periodic addition of nonoxidizing biocides to the
water minimizes the attack.  In the areas subject to
internal decay, lumber is sprayed with preservatives that
are toxic to the organisms.  This protective measure must
be taken before serious infection starts.  A regular spray
procedure should be considered for preventative
maintenance.  A periodic examination of the tower should
be made by sending samples of wood to a qualified
micro-biological laboratory.  These studies serve as a
basis to determine the beginning of a preventative
spraying program.
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     This chapter describes how water conditioning is
applied to the three types of water circulating systems.
     Several over-all considerations apply to both large and
small air conditioning systems.  However, the Guide
Specifications presented in this chapter apply primarily to
large systems.
     The application of water conditioning is classified with
respect to refrigeration capacity of the system:
  1. Large systems (75 tons and up) for which the
      customer can afford the services of a water
      conditioning company for appraisal and
      administration.
 2.  Small systems (5 to 75 tons) for which it may not
      be economical to procure a complete water
      conditioning service.
      The cost of complete services and conditioning
      may be greater than an occasional acid
      cleaning of the condenser or its replacement.
DESIGN CONSIDERATIONS
     Although a complete water conditioning program has
a direct bearing on system life, operating efficiency and
maintenance, it must be accompanied by good
engineering practice to accomplish desirable results.
Water conditioning alone is insufficient.  Some of these
important practices are:

1. Adjustable bleed-off devices with an adequate
open site drain to permit easy measuring of the
bleed-off flow rate.

     2.    Access for cleaning and servicing equipment.
     3.    Use of water velocities to minimize corrosion
            (Table 7).
     4.    Use of materials in construction compatible with
            environment and type of water conditioning.
            Both local experience and the counsel of a
            corrosion engineer should be considered when
            specifying the type of pipe for a particular water
            supply.
    5.     Application of design practices for dirt traps,
            valves, etc., described in Part 3, Piping Design.
    6.     Use of sumps large enough to prevent overflow
            when pumps are shut down.
    7.     Use of equalizer lines with twin cooling towers or

              other units connected in parallel to prevent
overflow

          waste to a drain at one unit while make-up water is
          required at the other.
     8.  Proper physical location of cooling towers and
          evaporative condensers.  Locations near smoke
          stacks or other sources of acid gases may cause
          serious corrosion problems.  The exhaust from
          some photoprinting machines contains ammonia
          which is very corrosive to copper.  In food storage
          areas, slime and algae problems are more serious.
    9.  Adequate space for chemical feeding devices, such
         as pumps and tanks including piping and wiring.
         Provide piping, or at least tees in the main lines of
         the piping, for the insertion of test coupons
         (Chapter 3).  For large installations a control room
         with sink is convenient for the making of routine
         chemical tests.
 10.   Use of packing glands on pumps for open systems
         since some bleed-off is necessary.
         Sand or other abrasive materials shorten the life of
         mechanical seals.  Mechanical seals are preferred
         for closed systems to prevent the loss of conditional
         water.
         Chemicals added to a recirculated water system
         should not create problems with valve packing or
         pump seals or packing.  A check should be made
         with the pump and valve manufacturers to obtain
         materials suitable for use with the selected
         chemical treatment.
FOULING FACTORS
     The deposit of scale or other foreign material in the
tubes of heat exchangers decreases the heat transfer
(Chapter 1).  Therefore, appropriate fouling factors must
be included when equipment is selected if a satisfactory
performance is to be maintained over a sustained
operating period.  Otherwise, excessive system shutdown
periods may be required to clean fouled heat exchangers
if loss of capacity cannot be tolerated.  A fouling factor
should be included when selecting equipment for all
water systems.  Even freshly cleaned equipment can
usually have a quick build-up of a heat retardant film.
Hence, high fouling factors can usually be expected after
the equipment goes into operation.  The change may not
be a slow steady function of time as many believe.
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*Fouling factors are for either the cooler or for the condenser.
†Fouling factors are normally not used for chilled water coils.

‡Using bleed-off of 1½ to 2 times the evaporation rate (cycles of
concentration 1.66 to 1.50).
NOTES:
Use for nonferrous and stainless steel tubes, water velocity
exceeding 3 feet per second.
Based on Carrier experience, and some data from Standards of
TEMA (Tubular Exchanger Manufacturer’s Association), Fourth
Edition, 1959.

     Table 11 contains a range of suggested fouling factors
for various types of water systems used with heat
exchangers.  The lower value shown is for systems on
which cleaning on a seasonal basis is not objectionable
from a cost standpoint or a drop-off of capacity will not
seriously affect desired end results.  The higher value
shown is suggested for industrial applications, and this
value may even be exceeded on systems where
excessive fouling may occur or the expense of cleaning is
high.  For example, systems which require a complete
shutdown of plant production to accommodate the normal
maintenance may use the higher values for fouling
factors.
     Fouling can be caused by a scale deposit of calcium
carbonate, calcium sulfate, or by the products of
corrosion; it can also be caused by an oily film or by a
deposit of lint, silt, etc.  A film of oil or grease offers
greater resistance to heat transfer than does calcium
carbonate because the former has a lower thermal
conductivity.
     Fouling can be significant even with a thin film; after
cleaning a heat exchanger with acid and detergents, a
film can quickly form on surfaces.  Whenever a
performance test is run, even directly after cleaning, the
fouling factor cannot be assumed to be zero.  For field
capacity tests, a minimum fouling factor of one-half of the
value used in selecting the equipment is suggested for
test performance.  In any instance this value should not
be below .00025.
WATER CONDITIONING CHEMICALS
     Chemicals introduced into a water system may require
special feeding devices and care in handing.
FEEDING EQUIPMENT
     The type of equipment used for feeding chemicals can
vary greatly, depending on the size of installation,
variation in load, variation in the composition of make-up
water, and the amount of manual adjustment by operating
personnel.  Automatic feeding requires more costly
equipment.
Large Systems, 75 tons and up
     Chemicals packaged dry are usually dissolved in
water and introduced as a liquid.
     Positive displacement chemical feed pumps of the
plunger or diaphragm type producing a uniform flow rate
are the most common and dependable means of
continuous introduction of chemical treatment solutions.
Other types of pumps have either a variable speed drive,
variable stroke, or variable speed motor.
     Proportional feed can be achieved by means of a
special water meter equipped with a contact head which
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makes an electric contact upon entry of a prescribed
quantity of make-up water into the system.  A preset timer
activates the pump and feeds chemicals for a
predetermined period.
     A less costly proportional feeder for small installations
consists of a measuring column with an electrical probe
placed in a pipe between two electric solenoid valves.  It
is controlled by a timer which permits the treating solution
to flow by gravity into the measuring column and
discharge a metered amount of solution to the system by
gravity into the measuring column and discharge a
metered amount of solution to the system by gravity flow
on a preset time cycle.  The time cycle as well as the
quantities of solution admitted to the measuring column
can be adjusted to vary the quantity of conditioning
chemical.
     Pumps and devices for feeding acids use corrosion
resistant construction such as stainless steel or plastics.
Completely automatic control devices for acid feed
consist of a pH recorder-controller and a variable speed
acid pump.
     Equipment is available to perform automatically a
chemical analysis of any colorimetric determination
performed in the laboratory.  This equipment can also be
made to transmit signals for control of the chemical
feeder.
Small Systems, 5 to 75 tons
     Chemical feeders used on large systems may be used
also on small installations, but the cost cannot normally
be justified.
     Various types of feeding devices, particularly for the
small systems, are available.  One type consists of bags
of chemicals suspended on the side of the spray
chambers above the water.  Water flows over the bags
whenever the sprays operate, and gradually dissolves the
chemicals.  Another is a metal can with two openings in
the top.  The can is placed in the basin of the cooling
tower where movement of the water causes flow in one
opening and out the other.  A third device consists of a
metal container with a collecting pan on top which is
normally full of water when the sprays are operating.  A
replaceable orifice in the pan meters a constant flow of
water to the chemicals located in the bottom of the
container.  A fourth device uses a vertical plastic cylinder
into which is placed a number of briquettes one on top of
another.  A controlled amount of water from the pump
discharge flows in and out, thru the bottom two or three
briquettes.  As one dissolves, another drops to take its
place.

METHODS OF FEEDING CHEMICALS
     The method of feeding chemicals is different for the
three classes of water systems.  Discussion of both the
large and small systems follows.
Once-Thru Systems
     Chemical feed (large and small systems) for scale and
corrosion control is continuous for once-thru systems.
The feeder operates at a constant rate whenever the
water pump operates.  Batch feed is normally used for
slime and algae control.
Open Recirculating Systems
     For the small system the chemical feed method for
scale and corrosion is the replacement of chemicals or
containers periodically, once very two to eight weeks or
longer.  There is no control check by chemical analysis.
     For the large system a daily or regularly scheduled
control analysis indicates whether the chemical feed rate
should be increased or decreased.  Feeding tanks are
filled daily or weekly.
Closed Recirculating Systems
     Chemicals are added by a batch method for all sizes
of closed systems.  Chemicals are added periodically,
every one to six months or more often, depending on the
loss of water from the system.
HANDLING OF CHEMICALS
     Some chemicals cause severe skin irritation while
others burn the flesh.  Precautions should be taken to
prevent skin contact with these chemicals; persons
handing chromates sometimes complain of chromitch.
The chlorophenol compounds used in water conditioning
(even in low concentration) have been reported to cause
dermatitis.  Concentrated sulfuric acid, caustic soda and
lime will burn the flesh.
     Chlorine gas irritates the skin and eyes, and is very
dangerous if inhaled; liquid chlorine requires special
handling.24,26

     Water conditioning chemicals cause injury if taken
internally in large doses.
CLEAN SYSTEM REQUIRED
     On new systems the piping and units should be
chemically cleaned to remove cutting oil, pipe thread
compound, and other construction debris before starting
the water conditioning.  Cleaning prevents mechanical
clogging and localized corrosion from dirt left in the
system.  Cleaning agents commonly used include
polyphosphates, synthetic detergents, or combinations of
these.  Water is circulated at approximately 100F for a
day or two, after which the system is drained, flushed and
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refilled.  The maximum water temperature is limited to a
temperature safe for the refrigerant contained in the
refrigeration equipment.  It is important to start the
corrosion protection immediately after cleaning since
metal surfaces are particularly vulnerable.
     If water conditioning is started on an old system not
previously treated, the water conditioning specialist
usually recommends cleaning before treatment.
CORROSION INHIBITORS, INITIAL
CONCENTRATION
     Several days may be required to build up a protective
film using a normal concentration of inhibitors.  This may
allow corrosion to start on steel.  The rate of film build-up
is a function of the concentration.  An initial concentration
of two to ten times the normal treatment of corrosion
inhibitor can be used to form a protective film more
quickly.  After several hours of operation, the
concentration is reduced to normal levels.
WATER CONDITIONING BY NONCHEMICAL
METHODS
     There are available for water treatment several types
of devices which require no technical control and use
nonchemical means to prevent corrosion and formation of
scale.  Some of these devices are made of special
processed metal which acts as a catalyst.  Others use
permanent magnets placed so that water flows thru the
magnetic field.  An investigation27 of several of these
devices which claim to control corrosion and scale
discloses that these particular devices have no significant
effect upon scale and corrosion problems.
ORDINANCES AND GOVERNMENT
REGULATIONS
     In some states water used for humidification is
required to meet drinking water standards regarding
bacteriological quality.  The United States Department of
Agriculture Meat Inspection Division prohibits the use of
chromates for air washing where the air contacts
foodstuffs.  Public Health officials are becoming more
aware of the need for protection of the public water
supplies.  An ordinance presently in effect in Detroit
states that no physical connection can be made between
lines carrying city water and pumps, pipe and tanks from
any other source; there must be an atmospheric gap
between the city water line and the equipment.  This
regulation which applies also in other cities is good
engineering practice.

WATER CONDITIONING OF LARGE SYSTEMS
75 TONS AND UP
     Chapter 1 describes three types of water systems and
three kinds of water problems.  The various detailed
treatments are described in Chapter 2, 3 and 4.
     Water conditioning for these systems is summarized in
Table 12.  This section discusses the various methods of
water treatment utilized in practice and summarized as
mentioned.  A more general discussion28 of scale and
corrosion emphasizes the need for a water conditioning
specialist.
     Water conditioning for the three types of systems and
three kinds of water problems is discussed under the
following heading.
ONCE-THRU SYSTEM
     Since no water is recirculated, the cost of water
conditioning chemicals for scale and corrosion control
can be prohibitive.  Therefore, the objective should be to
obtain satisfactory protection with low levels of treatment.
Scale Control
     The Langelier Saturation Index is most useful in
predicting whether water is scale-forming.  If the index is
positive and less than +0.5, scale is probably not a
problem.  If greater than +.5, scale may be controlled by
the addition of 2 to 5 ppm of polyphosphates unless the
index is greater than +1.5 to +2.0, or a limit determined
by the water conditioning specialist.  If the index is too
great, sulfuric acid may be added in addition to
polyphosphates to reduce alkalinity and pH.
     If the Langelier Index is negative (a nonscaling
indication), the water is likely to be corrosive.  Lime, soda
ash or caustic soda may be added to increase the pH.
     Corrosion may be prevented on heat exchangers by
the intentional build-up of a thin film of calcium carbonate.
This condition is accomplished by pH control with acid or
alkali, but is not a common method for air conditioning
systems.
     Iron (as ferrous bicarbonate) is found in some well
water; it decomposes to form a scale of ferrous oxide.
Although polyphosphates are used to prevent this type of
scale formation, proprietary compounds are available
which are more effective.
Corrosion Control
     The use of chromates in concentrations of 200-500
ppm is very effective in controlling corrosion, but it is not
economical in a once-thru system.   Suffi-cient  protection
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at low treatment levels is the chief problem.
     Low chromates mixed with other corrosion inhibitors
are used in total treatment levels of 20-80 ppm.  Control
may be required by adding soda ash to raise, or by
adding sulfuric acid to lower, the pH.
     Frequently, well water contains dissolved gases such
as carbon dioxide, CO2, or hydrogen sulfide, H2S, which
may be very corrosive.  Iron compounds and chlorides
are also troublesome, and require special treatment.
     Corrosion can be prevented by the controlled build-up
of a thin film of calcium carbonate, as explained under
scale control.
     Occasionally it may be more economical to use
corrosion resistant materials such as cupro-nickel,
admiralty brass, stainless steel, or nickel instead of
corrosion inhibitors in at least the more critical parts of the
system.
Slime and Algae Control
     Biological fouling may occur in once-thru systems
when the source is polluted surface water.  Well water
does not normally produce slime formation.  Chlorine is
commonly used to control slime either by the use of

hypochlorites or chlorination.  The feed may be either
intermittent or continuous.
OPEN RECIRCULATING SYSTEM
     Most of the water conditioning problems due to the
evaporation of large quantities of water and subsequent
concentration of solids are prevalent with this type of
system, particularly in cooling towers, evaporative
condensers and spray ponds.
     Air washers require little water conditioning because in
summer there is some water condensed from the air and
added to the system.  In winter, only a small amount of
water is evaporated.  Bleed-off is normally required for all
open recirculating systems.
     Water conditioning is usually designed to be non-
scale-forming, a condition which is slightly corrosive.
Corrosion inhibitors are added to minimize corrosion.
Scale Control
     Three methods to prevent scale formation are
described in Chapter 2. These involve the use of:
     1.  Bleed-off.
     2.  Bleed-off plus scale inhibitors such as

     polyphosphates.
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    3.  Bleed-off plus scale inhibitors plus acid.
     Bleed-off – General rules have been developed for the
use of bleed-off to prevent scale formation.  When the
methyl orange alkalinity of the make-up water does not
exceed 100 ppm as CaCO3 and the recirculating water
does not exceed a methyl orange alkalinity of 125 ppm,
bleed-off alone may be satisfactory.  This is illustrated in
Chart 7 (Chapter 2) which shows the bleed-off rate for a
100 ton air conditioning compressor system based on the
above limits of alkalinity.
     Accurate determination of the rate of bleed-off is
usually accomplished by the use of the Langelier and
Ryznar Indexes.  These indexes take into consideration
the five variables influencing scale formation of which
alkalinity is one.
     The Langelier Index is determined for several cycles of
concentration (Chapter 2).  Although bleed-off alone
control scale formation, there is usually a need for
corrosion inhibitors.
     Bleed-off Plus Scale Inhibitors - Since scale inhibitors
such as polyphosphates allow a much higher
concentration of solids without scale formation, the
amount of make-up water can be greatly reduced, thus
saving water costs.  Another important factor is the saving
of corrosion inhibitors since less chemical is required to
maintain the treatment level.  The amount of bleed-off
required when polyphosphates are used (Chart 7) is
based on an arbitrary limit of 400 ppm alkalinity.  In
practice, some systems may have a limit exceeding 400
ppm; others may have a lower limit.  Scaling depends on
all five properties; alkalinity, calcium, pH, temperature
and total solids (Chapter 2).  All of these factors are
evaluated to determine when scaling starts, as scaling
cannot be determined by the use of one or even three of
these factors alone.
     Polyphosphates in concentration of 2-5 ppm are used
to prevent scale formation.  Scale inhibitors frequently
contain polyphosphates mixed with other compounds
which also prevent scale formation.
     Polyphosphates prevent the formation of tubercules in
the piping system and thus help to keep the water system
clean.
     Bleed-off Plus Scale Inhibitors Plus Acid - Bleed-off
may be reduced by the addition of acid to the system
where the water is costly and/or high in concentrations of
solids.  Sulfuric acid, commonly used because of
economics, changes the carbonate ion to the more
soluble sulfate ion (Chapter 2).  Only enough acid is
added to reduce the alkalinity sufficiently to permit scale
control by the use of the polyphosphates.
     Automatic pH control of acid feed, although costly, is
recommended because of the hazard involved.  A low pH
due to excess feed of the acid is corrosive.

Air conditioning systems in offices and manufacturing
areas of industrial companies often use non-automatic pH
control.  However, daily or even more frequent checks
must be made on the chemical control analysis, and
adjustment must be made in rate of chemical feed as
necessary.
Corrosion Control
     System corrosion is controlled by one or both of the
following methods.
     Corrosion Inhibitors - Chromates are extensively used,
and are very effective in controlling corrosion in
concentrations of 200-500 ppm at a 7.0-8.5 pH.
     A mixture of chromates and other corrosion inhibitors
with a total treatment in the range of 20 to 80 ppm is
sometimes used.  Usually the pH needs to be held within
a narrow range; these are examples of such ranges: 6.0-
6.5, 7.0-7.8, 6.5-7.5 (Chapter 3).
     When yellow staining due to chromates is
objectionable, sodium nitrite can be substituted in the
same concentration as the chromates, but the
concentration should be approximately twice as great as
that of chromates to obtain equal protection, and the pH
must be maintained above 7.0.  Several problems in the
use of nitrites are described in Chapter 3.
     Control of pH - Acid gases in the atmosphere
sometimes cause water in cooling towers and air washers
to become acidic, even though the make-up water may
be neutral.  The pH in some cooling towers29 may be as
low as 4.0 or 5.0.  Addition of an alkali such as soda ash
is used to raise the pH.  If the pH is too high, sulfuric acid
is commonly added to lower the value.  When the pH is
low, there is no problem with scale.
Slime and Algae Control
     Cooling Towers - Slime and algae are usually
controlled by chlorinated phenols fed in shot fashion.
This may be required at daily, weekly or even longer
intervals.  Application of chlorine gas by chlorinators or
by hypochlorites may be used.  Chlorine gas with
chlorinator equipment is used only in very large systems.
     Air Washers - The more effective substances such as
trichlorophenates and chlorine cannot be used because
of objectionable odors.  Sodium pentachloro-phenate
may be used.  Proprietary biocides have combinations of
toxicants for this service.  Periodically, the air washers
should be sterilized by stopping the air flow and
circulating a solution of hypochlorites or a nonoxidizing
biocide.  The washer is then cleaned with a hose, and
slime and dirt removed from the pan.
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CLOSED RECIRCULATING SYSTEM
     Closed systems require little make-up water unless
there is some unusual condition such as a leak at the
pump gland or overflow at the expansion tank.  Water can
also be lost at automatic air vents.  Generally, there is no
control problem for scale or slime and algae.
Corrosion Control
     For chilled water systems chromates in treatment
levels of 200-500 ppm at a pH of 7.0 to 8.5 are commonly
used.
     Where yellow staining is a problem, i.e. discoloring of
rugs during service on valves and strainers, sodium nitrite
may be used in the same concentration as the chromate.
Some of the contaminating influences which cause
decomposition of sodium nitrite in open systems are
absent in closed systems.
     In some instances an alkali or acid may be added to
keep the pH within limits.
     Since the cost of the chemicals is small because of
little make-up water, the full chromate treatment is used.
There is no need to use low chromates with other
inhibitors (sometimes utilized in an open system).
     The treatment for hot water systems is in the range of
1000-2000 ppm of chromate, the higher concentration
being used for water at 212 F.  A system which circulates
chilled water in summer and hot water in winter should
carry a higher concentration of corrosion inhibitors in
winter.
WATER CONDITIONING OF SMALL SYSTEMS
5 TO 75 TONS
     In small systems where water conditions are poor, an
air-cooled condenser is often used to eliminate the water
problems.  However, it is not always feasible to
accomplish this, or the cost of changing to this type of
equipment may be too great.
ONCE-THRU SYSTEM
     Water conditioning for scale, corrosion, slime and
algae is essentially the same as for large systems.
Polyphosphate treatment can be used for scale control.
Acid treatment is seldom used because of high cost of
feeding equipment and controls required.
     If corrosion is a problem, use of corrosion resistant
materials for the critical components should be
considered.  Low concentrations of corrosion inhibitors in
the range of 20-80 ppm are used, such as mixtures of
chromates and other corrosion inhibitors.

OPEN RECIRCULATING SYSTEM
     The open system has all three water problems.
Scale Control
     Packages of chemical treatments can be purchased
by the consumer thru air conditioning service
organizations or directly from the supplier.  Chart 9
illustrates how the bleed-off required varies with the
methyl orange alkalinity of the make-up water.  This curve
is based on a maximum of 125 ppm alkalinity as CaCO3in the recirculating system without chemical treatment.
     The curve for bleed-off with polyphosphates is
representative of bleed-off rates recommended by
packaged chemical treatments for scale prevention.
When the alkalinity of make-up water is in the range of 0-
250 ppm as CaCO3, the bleed-off rate is based on
maintaining a maximum alkalinity of 400 ppm in the
recirculated water.  When the alkalinity in the make-up
water exceeds 250 ppm, the maximum alkalinity
maintained in the recirculated water is 450 ppm as
CaCO3.     The use of polyphosphates greatly reduces the bleed-
off, and is recommended where the alkalinity in the make-
up water exceeds 100 ppm.  Generally, when using
polyphosphates, a satisfactory scale control can be
expected when the methyl orange alkalinity of make-up
water does not exceed 150 ppm. When the alkalinity of
make-up water is in the range of 150-250 ppm, some
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scale build-up can be expected.  This scale is removed
by acid cleaning during equipment shutdown.  Depend-
ing upon conditions, cleaning may be carried out yearly
or once every several years.  When the alkalinity exceeds
250 ppm, more scaling may be expected and, therefore,
mor frequent cleaning.  Some advantage can be gained
by increasing both the rate of bleed-off and the chemical
feed.
     The bleed-off (Chart 9) is the total lost from the
system.  The windage loss (Chapter 1) is subtracted from
the bleed-off to obtain the actual water quantity to be
discharged to the drain.  For example, if the tower is 30
tons, multiply bleed-off (Chart 9) by three.  If the alkalinity
of make-up water does not exceed 100 ppm, it is
possible to adjust bleed-off so no treatment is needed to
prevent scale formation.
     When packaged treatment chemicals are used, the
recommended bleed-off for the particular treatment
should be followed, rather than that illustrated in Chart 9.
If trouble is suspected, consult the manufacturer of the
packaged chemicals.
Corrosion Control
     Although water conditioning may not be required for
scale control, it may be necessary to prevent corrosion or
the growth of slime and algae.
     Polyphosphates have some effect in reducing
corrosion; when scale is not a problem, the concentration
may be increased to 10-15 ppm.  This is accomplished
by increasing the feed rate 2 to 4 times and by reducing
the bleed-off to one-half the rate shown in Chart 9.
     Chromates in concentrations of 200-500 ppm are very
effective.  Packages of chromates and polyphosphates
are available for small systems.  Generally, the bleed-off
rate is lower where chromates are used because scale is
no problem and a lower bleed-off allows higher chromate
concentration in the system.
     Low level treatment of 20-80 ppm of mixtures of
chromates with other inhibitors may be used but, since
this generally requires pH control, this method is not
practical for small installations.
     In some areas where the pH is too low, an alkali such
as soda ash may be mixed with the chromates.
Slime and Algae Control
     Shock feeding once a month or oftener is sufficient to
control biological growth.  Compounds described in this
chapter  for large systems are commonly used.  A
continuous drip feed consisting of a plastic bottle and
capillary plastic tube is sometimes used.

CLOSED RECIRCULATING SYSTEM
     Water conditioning for small closed systems is the
same as for large closed systems.
SUGGESTED GUIDE SPECIFICATIONS
FOR WATER CONDITIONING
     Suggested guide specifications are presented to aid
the engineer, contractor and owner to understand what
constitutes an adequate water conditioning program.30

They help evaluate proposals made by water conditioning
companies.
GENERAL CONDITIONS
     An adequate water conditioning program to control
corrosion, scale, algae, slime and sludge shall be
provided for a period of_____years for open and closed
water and brine systems, commencing with the start-up of
the refrigeration and/or air conditioning equipment.
Recirculated water in wooden cooling towers shall be so
conditioned as to prevent delignification of wood.
     The chemicals used for water conditioning and the
methods used to feed chemicals shall comply with local
health codes, where applicable.
     Chemicals used for water conditioning shall have no
detrimental effect on nonmetallic materials such as
rubber, etc. used in the system.
     The water conditioning program shall be administered
by a competent water treatment company acceptable to
both the customer and the contractor.
TERMS OF PROPOSAL
     The water conditioning company shall submit a
complete proposal with its bid.
     A complete analysis of the water to be used for make-
up in the several systems to be treated shall be included
in the proposal.
     The chemical names of the water conditioning
compounds to be used shall be stated.
     The concentration of chemicals to be maintained in the
several systems shall be stated.
     The estimated amount of continuous bleed-off from
recirculating water systems such as cooling towers,
evaporative condensers, humidifiers, etc. shall be stated.
     Type and frequency of service by the water treatment
company shall be stated.
CORROSION CONTROL
     Corrosion control shall be provided for all water and
brine circuits by using suitable corrosion inhibitors and
pH control.
     Corrosion shall be judged under control when the
over-all corrosion rate or maximum depth of pitting does
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not exceed_____inches of penetration per year of the
thickness of any metal component of the circuit in
continuous contact with the conditioned water or brine.*
     Over-all corrosion and pitting rates shall be measured
by using suitable corrosion test coupons representing the
metals  in  the  circuit.   ASTM  corrosion  test  procedures
D 935-49 and A 224-46 or other equally suitable
procedures shall be followed.
     Corrosion tests shall be conducted at locations in the
circuit as specified by the contractor.†
     If over-all corrosion and/or pitting exceeds the
maximum allowable rates, an immediate retest shall be
made.  If the results of the retest are within the maximum
allowable rates, corrosion shall be judged under control.
SCALE CONTROL
     Formation of adherent mineral deposits which cannot
be easily flushed from heat transfer surfaces shall be
prevented.
     A continuous bleed-off shall be specified for all
devices which evaporate water, such as cooling towers,
evaporative condensers and humidifiers. †
     Internal chemical treatment of water in the circuit
and/or external treatment of the make-up water shall be
provided when bleed-off alone is inadequate to prevent
scale formation or when bleed-off alone is uneconomical
because of excessive use of corrosion inhibitors.
ALGAE AND SLIME CONTROL
     Algae and slime growths shall be prevented in all
circuits by using suitable algaecides.  Copper, mercury,
or other algaecides which may cause damage to
equipment shall not be used.
CHEMICAL FEEDING
     Chemicals shall be fed to circuits requiring continuous
make-up by automatic proportional feeding devices. †
     Acid feeders, when used, shall be controlled by an
electronic pH controller. †
SERVICE PROCEDRE
     The water conditioning company shall provide
(complete with alternate a or b, whichever applies):
*Commonly accepted maximum corrosion rate and depth of pitting is
.005 inches per year (5 mils per year, mpy).  This usually applies to
metals having a thickness greater than 0.25 inches.  Where metal
thickness is less, proportional lower values should be used.
For copper tubing the maximum corrosion rate is .001 inches per year
(one mil per year). See Chapter 3.
†The contractor responsible for piping and/or electrical work should
provide suitable fitting and connection for corrosion testers and
continuous bleed-off, and should also provide

     a.   Oral and written instructions and suitable test kits
           for operating personnel for the maintenance and
           control of the water conditioning program.
      b.  The addition of all chemicals and all control test-
            ing by its own personnel.
     Periodic service calls, water analysis, and corrosion
test checks shall be made at intervals as necessary to
insure proper control of corrosion, scale, algae and slime.
     A written report of each service call, water analysis,
and corrosion check test shall be submitted by the water
conditioning company (complete with alternate a or b,
whichever applies):
     a.    Upon request.
     b.    In accordance with a prearranged schedule.
BASIS OF TABLE 13
Water Analysis for Supplies
in United States Cities
     Data is taken from The Industrial Utility of Public Water
Supplies in the United States, 1952 Geological Survey
Water Supply Paper 1299 (states east of the Mississippi
River) and 1300 (states west of the Mississippi River),
U.S. Government Printing Office, Washington, D.C.
General
     Data is for finished water after treatment at the water
plant.  When there is one source, averages are given,
rather than maximum and minimum.  When there is more
than one source, the averages are given if available.
When the composition is given only for the individual
sources, i.e. 6 wells, two figures are included, one for the
low level and another for the high level concentration.
The water from various sources may be mixed together in
some systems; in others, they may be grouped in several
systems just like different systems.  The composition in
one section of the city may, therefore, be considerably
different from another section.
     Consult the local water companies for more specific
data.
Total Hardness
     Total hardness is a rough measure of scale-forming
properties.  It includes both carbonate and non-
carbonate hardness (Chapter 2).  Average values are
given, except for those cities having an asterisk (*) in the
alkalinity column.  For these cities the hardness is for a

necessary facilities for the installation and operation of automatic feeders
and their controls.
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ness is for a particular day.  Hardness may be classified
in this manner:

Bicarbonate (HCO3)     Concentration of bicarbonate (HCO3) ion has been
multiplied by 0.82 to give the equivalent expressed as
CaCO3 (Table 13).  Generally, this is the chemical
analysis taken on a particular day, and is not an average.
It may be higher or lower than the average.
Calcium (Ca)
     Concentration of calcium (Ca) ion has been multiplied
by 2.5 to give the equivalent as CaCo3 (Table 13).  For
example, Ithaca, New York, calcium ion = 22×2.5 = 55
ppm of calcium as CaCO3.  Generally, this is the chemical
analysis taken on a particular day, and is not an average.
It may be higher or lower than the average.
Total Alkalinity
     Total alkalinity (methyl orange alkalinity, Chapter 2) is
the average, except where indicated by an asterisk (*).
No value for alkalinity is given in Papers 1299 and 1300
for these cities.  The values shown have been
approximated by use of the bicarbonate and carbonate
ion; these are given for a particular day and are not
average values.  Data has been approximated in Table
13 as follows:
     Bicarbonate (HCO3) ion ppm×0.82  =
                             plus
     Carbonate (CO3) ion ppm×1.66       =
                             equals
         Total alkalinity, ppm as CaCO3     =
pH
     Values for pH are average, except for those cities
having an asterisk (*) in the alkalinity column.  For these
cities the pH is for a particular day.
TYPICAL WATER ANALYSIS
     An example of water analysis from this publication is
shown for Ithaca, New York, one of the less complicated

analyses.  Many of the cities do not have the regular
determinations of alkalinity, pH and hardness as shown in
the bottom section of the table.
ITHACA, NEW YORK
     Ownership: Municipal; also supplies about 2000
people outside the city limits.  Total population supplied,
about 31,000.
     Source: Six Mile Creek impounded.  Emergency
supply, connection with Cornell University supply.
     Treatment: Superchlorination, coagulation with alum,
sedimentation, rapid sand filtration, and dechlorination
with sulfur dioxide.
     Rated capacity, treatment plant: 4,000,000 gpd.
     Raw water storage: 316,000,000 gal.
     Finished water storage: 4,924,000 gal.
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Sources of Supply – B-block, C-creek, L-lake, P-pond, Re-reservoir, Ri-river, S-stream, Sp-spring, W-well
Note: See explanation of Table 13 on Page 39.
*Total alkalinity approximated, as described in explanation of Table 13.
†Chloride  (Cl) ion concentration in excess of 100 ppm.
‡Sulfate  (SO 4) ion concentration in excess of 100 ppm.ww.HVAC-ENG.com
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Sources of Supply – B-brook, C-creek, L-lake, P-pond, Re-reservoir, Ri-river, S-stream, SP-spring, W-well
Note: See explanation of Table 13 on page 39.
*Total alkalinity approximated, as described in explanation of Table 13.
+ Choloride (CI) ion concentration in excess of 100 ppm.
++Sulfate (SO4) ion concentration in excess of 100 ppm.
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CHAPTER 6.  DEFINITIONS

     Definitions of the common terms used in water
conditioning are presented here.
     Algaecide is a substance used to kill algae.
     Alkalinity24 is expressed by the sum of the carbonate,
bicarbonate and hydrate ions in water; other ions such as
phosphate or silicate may contribute partially to alkalinity.
Alkalinity is normally expressed as the number of parts
per million (ppm) of calcium carbonate, CaCO3.  See
further discussion on methyl orange and phenolphthalein
alkalinities in Chapter 1.
     Anode24 is a positive electrode toward which
negatively charged nonmetallic ions migrate and at which
reduction occurs in an electrolytic cell.  In corrosion
processes, the anode is usually the electrode having a
greater tendency to go into solution.
     Biocide is a substance used to kill living organisms
such as algae, bacteria and fungi.  It may kill only one of
these groups of organisms or only some specific
bacteria, algae or fungi in these groups.
     Biological Deposits31 are water-formed deposits of
biological organisms or the products of their life
processes.  These deposits may be microscopic in nature
such as slimes, or macroscopic such as barnacles or
mussels.  Slimes are usually composed of deposits of a
gelatinous or filamentous nature.
     Bleed-off is the continuous ejection or draining of a
portion of the concentrated water from a circulating
system, which is replaced with water from the normal
supply, thus causing a lowering of concentration.  Bleed-
off is normally expressed in gallons per minute (gpm).
     Cathode24 is a negative electrode toward which
positively charged metallic ions migrate and at which
reduction occurs in the electrolytic cell.  In corrosion
processes, the cathode is usually the electrode tending to
resist corrosion.
     Chlorinator is a device used to measure, dissolve, and
feed liquid chlorine into a water system.
     Closed Recirculating System is a system in which
water flows in a repetitive (or continuous) circuit thru heat
exchangers.  There is no evaporation and no make-up
except to compensate for leakage.
     Corrosion11 is destruction of a metal by chemical or
electrochemical reaction with its environment.  In the
corrosion process, the reaction products formed may be
soluble or insoluble in the contacting environment.

Insolube corrosion products may deposit at or near the
attacked area, or be carried along and deposited at a
considerable distance away.
     Cycles of Concentration is the ratio of dissolved solids
in recirculating water to the dissolved solids in make-up
water.
     Delignification is the deterioration of lignin, the binding
material which holds the cellulose fibers together in wood.
     Dissolved Solids are in true solution in water and
cannot be removed by filtration.  Their presence is due to
the solvent action of water in contact with the minerals in
the earth.
     Electrolyte is a solution thru which an electric current
flows.
     Erosion is the wearing away by action of rapidly
moving water, particularly where entrained gas bubbles
or suspended abrasive solids are present.
     Free Mineral Acid may be sulfuric, nitric or
hydrochloric acid, sometimes occurring in acid mine
drainage or industrial waste.
     Galvanic Corrosion24 generally results from the
presence of two dissimilar metals in an electrolyte.  It is
characterized by an electron movement from the metal of
high potential (anode) to the metal of lower potential
(cathode), resulting in corrosion of the anodic metal.
Galvanic cell corrosion may also result from the presence
of two similar metals in an electrolyte of nonuniform
concentration.
     Galvanic Series12 is a list of metals and alloys
arranged according to their relative potentials in a given
environment.
     Hardness is primarily the sum of calcium and
magnesium salts in water, although it may include other
elements, mainly aluminum, iron, manganese, strontium
or zinc.  Temporary or carbonate hardness is that portion
of total hardness which can combine with the carbonate,
CO3, or bicarbonate, HCO3, ions.  The balance of the
hardness is called noncarbonate or permanent hardness.
This is principally caused by sulfates, chlorides and/or
nitrates of calcium and/or magnesium (Chapter 1).
     Inhibitor is a chemical substance added to a solution
to reduce scale or corrosion or both.
     Ion is an electrically charged atom or group of atoms.
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 Langelier Saturation Index is used to predict the scaling
or nonscaling characteristics of a water.  A plus value
indicates scale-forming tendency; a negative value is
nonscaling.  The index is the algebraic difference
between the actual pH from test and the calculated pH of
saturation for calcium carbonate, CaCO3.  (See further
explanation in Chapter 2.)
     Make-Up Water is water from a normal supply which
compensates for evaporation, windage and bleed-off
losses.
     Once-Thru System is a system thru which water
passes only once and is discharged.  There is no
evaporation.
     Open Recirculating System is a system thru which
water flows in a repetitive circuit thru heat exchangers
and reservoirs open to the atmosphere, such as cooling
towers or air washers.  Water is aerated and evaporated,
or water vapor is condensed in the sprays.  Some bleed-
off is directed to the drain to limit a build-up of solids in
the system.
     Parts Per Million (ppm) represents the parts of a
substance per million parts by weight of the solution.  It is
normally used to express the results of a water analysis.
One ppm is equal to one ten thousandth of one percent
(0.0001%).
     pH represents the logarithm of the reciprocal of the
hydrogen ion concentration of a solution.  It denotes the
degree of acidity or alkalinity of a solution.  A value of 7.0
is neutral; values below 7.0 are increasingly acid; values
above 7.0 are increasingly alkaline.  Refer to Chapter 1
for further discussions.
     Ryznar Stability Index is a practical extension of the
Langelier Saturation Index based on experience.  This
index (always positive) is equal to two times the
calculated pH of saturation of CaCO3 minus the actual pH
from test.  Index values above 6.5 indicate a corrosive
tendency while values below 6.5 indicate a tendency to
scale (Chapter 2).
     Scale is a deposit formed from solution directly upon a
confining surface.  It is usually crystalline and dense,
frequently laminated and occasionally columnar in
structure.

     Sludge31 is a water-formed sedimentary deposit.  It
usually does not adhere sufficiently to retain its physical
shape when mechanical means are used to remove it
from the surface on which it is deposited.  Sludge is not
always found at the place where it is formed.  It may be
hard and adherent and baked to the surface upon which
it has been deposited.
     Specific Conductance is a measure of the ability of
water to conduct an electric current.  It is expressed as
micromhos per cubic centimeter.  A micromho is a
millionth of a mho which in turn is the reciprocal of an
ohm resistance.
     Surface Active Agent is a substance that possesses
stabilization characteristics tending to minimize
deposition of calcium carbonate scale.  A typical example
are the polyphosphates.
     Suspended Solids are solids not in true solution and
can be removed from the water by filtration.
     Synergizing Agent (water conditioning) is a substance
which increases the effectiveness of a corrosion or scale
inhibitor.
     Titration is a process of adding a liquid of known
concentration and of measured volume to a known
volume of another liquid until a point is reached at which
a definite effect is observed, usually a change in color of
an indicator.
     Total Solids are the sum of the dissolved and
suspended solids.
     Tuberculation12 is the formation of localized corrosion
products scattered over a surface in the form of knoblike
mounds called tubercules.
     Water Analysis is the chemical analysis of the
dissolved materials in water.  It also includes
determination of pH and the amount of suspended solids.
     Windage Loss is a loss of fine droplets of water
entrained by circulating air.  The amount varies with
different types of equipment.  This is a loss of water from
the system and is replaced by make-up water.  Windage
loss tends to limit the cycles of concentration, and is
usually expressed as a percentage of the rate of
circulation.
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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART SIX

This part of the System Design Manual presents practical
data and examples for selection and application of air handling
equipment for normal air conditioning systems.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

INDEX

air conditioning apparatus           2

     accessory equipment        4

                               fans          1

     unitary equipment                3
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CHAPTER 1. FANS

This chapter presents information to guide the
engineer in the practical application of fans used in air
conditioning systems.

A fan is a device used to produce a flow of air. Use of
the term is limited by definition to devices producing
pressure differentials of less than 28 in. wg  at sea level.
TYPES OF FANS

Fan are identified by two general groups:
1. Centrifugal, in which the air flows radially thru the

impeller. Centrifugal fans are classified
according to wheel blading ; forward – curved,
backward–curved and radial (straight).

2. Axial flow, in which the air flows axially thru the
impeller. Axial flow fans are classified as
propeller (disc), tubeaxial and vaneaxial.

Figures 1, 2a, 2b and 2 c show the various types
of commonly applied fans.

APPLICATION
When a duct system is needed in an air conditioning

application, a tubeaxial, vaneaxial or centrifugal fan may
be used. Where there is no duct system and little
resistance to air flow, a propeller fan can be applied.
However, self – contained equipment often utilizes
centrifugal fans for applications without ductwork.

The centrifugal fan is used in most comfort
applications because of its wide range of quiet, efficient
operation at comparatively high pressures. In addition,
the centrifugal fan inlet can be readily attached to an
apparatus of large cross – section while the discharge is
easily connected to relatively small ducts. Air flow can be
varied to match air distribution system requirements by
simple adjustments to the fan drive or control devices.

Fig. 1 – Centrifugal Fan Fig. 2 – Axial Flow Fans
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Axial flow fans are excellent for large air volume
applications where higher noise levels are of secondary.
They are, therefore, often used for industrial air
conditioning and ventilation. These high velocity fans
require guide vanes to obtain the best efficiencies when
operation against pressures considered normal for
centrifugal fan . However, these fans may be applied
without guide vanes.

Figure 3 illustrates the approximate sound power
level of a typical centrifugal fan and an axial flow fan. The
frequencies detectable by the human ear ( 300 to 10,000
cycles per second ) are the least favorable for the axial
flow fan. Therefore, to obtain acceptable sound levels
with the axial flow fan, sound attenuation may be
required.

The concept of specific speed is useful in describing
the applications of various fan types. Specific speed is a
fan performance index based on the fan speed, capacity
and static pressure. Figure 4 shows the ranges of
specific speed in which six types of centrifugal and axial
flow fans operate at high static efficiencies. This figure
indicates that forward – curved blade centrifugal fans
attain their peak efficiencies at low speeds, low
capacities and at high static pressures. However,
propeller fans reach high efficiency at high speeds and
capacities and at low static pressures.

The horsepower characteristics of the various fans
are such that a type may be overloading or non
overloading. The backward – curved blade centrifugal fan
is a nonoverloading type. The forward – curved and radial
blade centrifugal fans may overload. Axial flow fans may
be either nonoverloading or overloading.

All fan types may be utilized for exhaust service. Wall
fans operate against little or no resistance and therefore
are usually of the propeller type. Propeller fans are
sometimes incorporated into factory – built penthouses or
roof caps. Hooded exhaust fans and central station
exhaust fans are typically of the centrifugal type. Axial
fans may be suitable for exhaust applications, particularly
in factory installations.
STANDARDS AND CODES

Fan application and installation should conform to all
codes, laws and regulations applying at the job site.

The AMCA standard Test Code for Air Moving
Devices, Bulletin 210, prescribes methods of testing fans,
while AMCA rating standards prescribe methods of
rating.
CENTRIFUGAL FANS

Centrifugal fans are identified by the curvature of the
blade tip. The forward – curved blade curves in the
direction of rotation  ( Fig. 5a ) . The radial blade has no
curvature (Fig. 5b). The backward–curved blade tip
inclines backward, curving away from the direction of
rotation ( Fig 5c ) . The curvature of the blade tip defines
the shape of the horsepower and static pressure curves.

The characteristics of the three main types of
centrifugal fans are listed in Table 1.
FORWARD – CURVED BLADE FAN

A typical performance of a forward – curved blade
fan is shown in Fig. 6 . The pressure rises from 100 %
free delivery toward no delivery with a characteristic  dip
at low capacities. Horsepower increases continuously
with increasing air quantity.

Fig. 3 – Sound Power Levels

Fig. 4 – Specific Speed Ranges
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BACKWARD – CURVED BLADE FAN

A typical performance of a backward – curved blade
fan is shown in Fig. 7. The pressure rises constantly from
100 % free delivery to nearly no delivery. There is no dip
in the curve. The horsepower curve peaks at high
capacities. Therefore, a motor selected to satisfy the
maximum power demand at a given fan speed does not
overload at any point on the curve, providing this speed
is maintained.

Two modifications of the backward – curved blade
fan are the airfoil and backward – inclined blade fans.
   

These are illustrated in Fig. 5 d and 5 e . Both are
nonoverloading types.

The airfoil blade fan is a high efficiency fan because
its aerodynamically shaped blades permit smoother
airflow thru the wheel. It is normally used for high
capacity, high pressure applications where power
savings may outweigh its higher first cost. Since the
efficiency characteristic of an airfoil blade fan usually
peaks more sharply than those of other types, greater
care is required in its selection and application to a
particular duty.

The backward – inclined blade fan must be selected
closer to free delivery; therefore, it does not have as

Fig. 5 – Fan Blades

Fig. 6 – Forward-Curved Blade Fan Performance Fig. 7 - Backward-Curved Blade Fan Performance
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great a range of high efficiency operation as does the
backward –curved blade fan. Manufacture of an inclined
blade is understandably a simpler operation.
RADIAL BLADE FAN

Typical performance of a radial (straight) blade fan is
shown in Fig. 8. The pressure characteristic is continuous
at all capacities. Horsepower rises with increasing air
quantity in an almost directly proportional relation. Thus,
with this type of fan the motor may be overloaded as free
air delivery is delivery is approached.

The radial blade fan has efficiency, speed and
capacity characteristics that are midway between the
forward–curved and backward–curved blade fans. It is
seldom used in air conditioning applications because it
lacks an optimum characteristic.
AXIAL FLOW FANS

Figure 9 shows a performance characteristic typical
of a propeller fan.

The tubeaxial fan is a common axial flow fan in a

tubular housing but without inlet  guide vanes. The blade
shape may be flat or curved, of single or double
thickness.

The axial flow fan has become particularly associated
with the vaneaxial type which has guide vanes before or
after the fan wheel. To make more effective use of the
guide vanes, the fan wheel usually has curved blades of
single or double thickness. Figure 10 is a sectional view
of the vaneaxial fan.

The curved stationary diffuser vanes are the type
most frequently used when higher efficiency vaneaxial
fans are desired. The purpose of these vanes is to
recover a portion of the energy of the tangentially
accelerated air.

Typical performance of an axial flow fan is shown in
Fig.11.

Fig. 10 – Vaneaxial Fan

Fig. 8 – Radial Blade Fan Performance

Fig. 9 – Propeller Fan Performance Fig. 11 – Axial Flow Fan Performance
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FAN DESIGNATION
CLASS OF CONSTRUCTION

The AMCA has developed standards of centrifugal
fan construction based on the pressure the fans are
required to develop. The four classes of fans appear in
Table 2 , Each of the various fan manufacturers has
defined his own maximum wheel tip speed for each class.

The required fan class can be determined from Chart
1 it outlet velocity and static pressure are know.
Calculation of velocity pressure and total pressure is thus
eliminated. This chart is based on standard air ( 29.92 in.
Hg barometric pressure and 70 F temperature ).

If nonstandard conditions of temperature and altitude
are encountered in an application, the calculated static
pressure should be corrected before entering Chart 1.
This procedure is described in the section entitled Fan
Selection. See Example 3.

Minimum first costs can often be achieved by using a
larger size fan of a given class than by choosing a
smaller fan size of a higher class. If a selection lies on the
border line, both alternatives should be considered.

Some manufacturers offer packaged fans and motors
which are not defined in terms of classes. These
packages are made of Class I or II parts, modified slightly
to hold the motor within the fan base. The fan package is
less expensive than the equivalent Class I or II fan and is
satisfactory for most applications. Packaged fans are also
offered in construction lighter than Class I. Manufacturers’
specifications usually distinguish between light and heavy
construction.

A pressure class standard pertaining to centrifugal
fans mounted in cabinets has also been published by
AMCA. Cabinet fans are commonly used with central
station fan – coil equipment. The three classes of such
fans are defined in Table 3 .

CHART 1 – CONSTRUCTION CLASS PRESSURE LIMITS
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Fan class nomenclature does not apply to fans used in
fan–coil terminal units where the manufacturer limits such
fans to a particular maximum speed and static pressure.
FAN ARRANGEMENTS

Centrifugal fan drive arrangement , standardized by
AMCA , refers to the relation of the fan wheel to the
bearings and the number of fan inlets. Figure 12 indicates
the various arrangements.

The fan drive may be direct of by belt. With the
exception of packaged fans and motors, direct drive is
seldom employed in air conditioning applications
because of the greater flexibility afforded by the belt
drive.

Arrangements 1 , 2 and 3 are commonly used for air
conditioning. The remaining choices are modified
versions of Arrangements 1 and 3 . Double inlet fans for
belt drive are available in Arrangement 3 and 7.

In selecting a suitable fan arrangement first cost and
space requirements are considered. Single inlet while
double inlet fans are lower in cost in the large sizes. For
the same capacity a single inlet fan is about 30 % taller
than the double inlet type, but only about 70 % as wide.
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Arrangement 3 is the most widely used because the
bearing location eliminates the necessity for a bearing
platform. Cost and required space is therefore minimized.

For single inlet applications Arrangements 1 and 2
are used where the fan wheel is less than 27 inches in
diameter. Arrangement 3 is not used since the bearing on
the inlet side is large enough, relative to the inlet area, to
affect fan performance. Fans of larger sizes and double
inlet fans are not limited in this way.

Arrangement 1 is usually more costly than
Arrangement  2 because it has two bearings and a base.
Where Class III construction is required, Arrangement 1 is
preferred over Arrangement 2.

If Arrangement 3 is to be used at air temperatures
exceeding 200 F or Arrangement 1 or 2 at temperatures
exceeding 300 F, the fan manufacturer should be
consulted so that the proper bearing or heat slinger can
be specified.

Table 4 compares the costs of fan and drive for
several single inlet arrangements. Selections are based
on a constant air quantity and static pressure.

Figure 13 shows the motor positions possible for a
belt – driven fan. Use of Positions W and Z results in the
simplest construction of fan base and belt guard.

Figure 14 shows the standard rotation and discharge
combinations available.

Fig. 13 – Motor Positions Fig. 14 – Rotation and Discharge
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Axial flow fans are available for belt drive or direct
connections. Therefore, two arrangements have been
standardized throughout the industry, Arrangement 4 is
driven directly, Since the motor is in the air stream, the
application of this arrangement is limited to the handling
of air which will not damage the motor. Arrangement 9 is
belt – driven, with the motor located outside of the air
stream and the drive protected.
FAN PERFORMANCE

Fan performance curves show the relation of
pressure, power input and fan efficiency for a desired
range of air volumes. This relation is based on constant
speed and air density.

Static rather than total pressure and efficiency are
usually inferred. Static pressure best represents the
pressure useful in overcoming resistance. However, static
pressure is less applicable where the fan outlet velocity is
high. Further, if the fan operates against no resistance,
static pressure is meaningless. In these cases total
mechanical efficiency is used.

Fan performance may be expressed as percentages
of rated quantities or in terms of absolute quantities. The
former method is illustrated in Fig. 6 , 7 , 8 , 9  and 11.

LAWS OF FAN PERFORMANCE
Fan laws are used to predict fan performance under

changing operating condition or fan size.
They are applicable to all types of fans.
The fan laws are stated in Table 5. The symbols

used in the formulas represent the following quantities:
Q –   Volume late of flow thru the fan.
N –   Rotational speed of the impeller.

               P           –   Pressure developed by the fan,
     either static or total.                     

Hp –   Horsepower input to the fan.
D –   Fan wheel diameter. The fan size 

 number may be used if it is 
 proportional to the wheel diameter.

W –  Air density, varying directly as the 
 barometric pressure and inversely as
 the absolute temperature.

In addition to the restrictions noted in Table 5,
application of these laws is limited to cases where fans
are geometrically similar
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and where there is no change in the point of rating on the
performance curves. Because of the latter qualification,
fan efficiencies are assumed constant.

Geometrically similar fans are those in which all
dimensions are proportional to fan wheel diameter.

The same point of rating for two fans of different size
means that for each fan the pressure and air volume at
the point of rating are the same fraction of shutoff
pressure and volume at free delivery, provided the
rotational speed is the same in either case. For example,
an operating point on Fig.7 will not change with the
application of laws 7 thru 9 ,  even though specific values
will change.

Example 1 – use of Laws 1 thru 3
Given:

Air quantity - 33,120 cfm
Static pressure - 1.5 in wg
Fan speed - 382 rpm
Brake horsepower - 10.5

Find:
Capacity, static pressure and horsepower if the speed is

incased to 440 rpm.
Solution:

Capacity = 33,120 x (440 / 382 ) = 38,150 cfm
Static pressure         = 1.5 x ( 440 / 382 ) 2 = 2.0 in. wg
Horsepower = 10.5 x ( 440 / 382 ) 3= 16.1 bhp

FAN CURVE CONSTRUCTION
Fan performance is usually presented in tabular form

(Table 6). However, for a graphic analysis performance
curves are more convenient to use. If no curves are
available, tabular values of pressure and horsepower may
be plotted at constant speeds over the given range of
capacities, The resulting curves may then be used as
described under Fan Performance in a System.

FAN PERFORMANCE IN A SYSTEM
SYSTEM BALANCE

Any air handling system consists of a particular
combination of ductwork, heaters, filters, dehumidifiers
and other components. Each system therefore has an
individual pressure–volume characteristic which is
independent of the fan applied to the system. This
relation may be expressed graphically on a coordinate
system identical to that of a fan performance curve. A
typical system characteristic is shown in Fig. 5.

System curves are based on the law which states
that the resistance to air flow (static pressure) of a system
varies as the square of the air volume flowing thru the
system. In practice a static pressure is calculated as
carefully as possible for a given system at the required air
quantity. This establishes one point of the system curve.
The remaining points are obtained by calculation from the
above law, rather than by further static pressure
calculations at other air quantities.

When a fan performance curve for a given fan size
and speed is superimposed upon a system characteristic
as in Fig. 15 , there is the only possible operating point
under the conditions. If the fan speed is in decreased, the
point of operation moves upward toward the right. If the
speed is decreased, the operating point moves down and
the to the left.

Figure 15 illustrates the effect on system
performance of operation at other than design conditions.
Such a situation could be caused by dirty filters, wet coil
versus dry coil operation of the dehumidifier, or the
modulation of a damper. Lines of constant brake
horsepower have been included for ease of analysis.
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Example 2 describes the analysis.
Point O is the design point. Points A and B are new

operating points resulting respectively from an increase
or decrease in system resistance. Point A and B are
single points each of two new system characteristics.
Example 2 – Operation Above Design Static Pressure
Given:

Air quantity - 3300 cfm
Static pressure - 1.5 in. wg
Fan speed - 1000 rpm
Fan performance                 - Fig . 15

Find:
Air quantity, static pressure and brake horsepower if the

resistance of the filters is 0.15 in. wg greater than estimated for
design.
Solution:

1. From design point O ( Fig. 15 ) rise vertically to point Y at
a static pressure of 1.65 in . wg ( 1.5 + 0.15 ) and 3300
cfm.

2. Since the fan operates at 1000 rmp, proceed to the 1000
rpm fan curve along a line parallel to the system
characteristic. At the new operating point A the fan
delivers to the system, 3175 cfm at a static pressure of
1.5 in. wg. The required power input at the new
conditions is 1.4 bhp.

PRESSURE CONSIDERATIONS
An analysis similar to that of Example 2 indicates that

overestimating the static pressure increases the required
horsepower. Operation in this case is at point B of Fig. 15
, rather than at point O . Therefore, the addition of a safety
factor to the calculated static pressure tends to increase
fan horsepower requirements unnecessarily. The static
pressure used to select a fan should be that pressure
calculated for the system at the design air quantity.

If the static pressure is overestimated, the amount of
increase in horsepower and air volume depends upon the

steepness of the fan curves in the area of selection. Fig.
16 shows that volume deviations may be large if the fan
curve is relatively flat. With a steep pressure
characteristic, pressure differences may have little effect
on air volume and horsepower. For this reason a fan with
a steep performance curve is well suited to a system
requiring an air volume relatively independent of changes
in system resistance. An example of such a system is an
induction unit primary air system.

Conversely, a variable volume system requires a
pressure nearly constant with changes in air volume.
Thus, a fan with a comparatively flat pressure
characteristic is more appropriate.
STABILITY

Fan operation is stable if it remains unchanged after
a slight temporary disturbance or if a slight permanent
disturbance produces only a small shift in the operating
point.

Instability is a surging or pulsation which may occur
when the system characteristic curve intersects the fan
curve at two or more points. This is rare occurrence in a
single fan. When two or more forward curved fans are
connected in parallel, It is possible that the composite
curve have an unstable area such as shown in Fig. 17 . If
the operating point falls in this area, either adding or
subtracting resistance allows operation at a stable point
on either side of this area. When operation occurs such
that only one sharp intersection of fan curve and system
curve is possible, there is no condition of instability. 

System resonance is rare thing but may occur in
systems utilizing high pressure fans with a duct system
turned to a particular frequency like an organ pipe. With
operation to the left of  the pressure peak, a pressure
increase is accompanied by a capacity increase, in turn
tending to further increase pressure. This condition may
be altering the system characteristic curve so that the
operating point falls between the pressure peak and the
free delivery point.

Fig. 15 – Effect of Change in Design Conditions
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FAN SELECTION
The system requirements which influence the

selection of a fan are air quantity, static pressure, air
density if other than standard , prevailing sound level or
the use of the space served, available space, and the
nature of the load. When these requirements are known,
the selection of a fan for air conditioning usually involves
choosing the most inexpensive combination of size and
class of construction with an acceptable sound level and
efficiency.

Outlet velocity cannot be used as a criterion of
selection from the standpoint of sound generation. The
best sound characteristics are obtained at maximum fan
efficiency. Fans operating at higher static pressures have
greater allowable outlet velocities since maximum
efficiency occurs at higher air quantities. Thus, any limits
imposed on outlet velocity in relation to sound level
depend upon the static pressure in addition to ambient
sound levels and the use of the area served. In regard to
sound generation a fan should be selected as near to
maximum efficiency as is possible and adjacent ductwork
should be properly designed, as described in Part 2 .

The best balance of first cost and fan efficiency
usually results with a fan selection slightly smaller than
that representing the maximum efficiency available.
However, selection of a larger, more efficient fan may be
justified in the case of long operating hours. Also, a larger
fan may be economically preferable if a smaller selection
necessitates a larger motor, drive and starter, or heavier
construction.

The selection of a fan and drive can affect
psychrometric conditions in the area served. If the
combination produces an air quantity below that required

at design conditions, the resulting room dry - bulb
temperature is higher. When the air quantity is greater
than required at design conditions, room controls prevent
a fall in temperature.
ATMOSPHERIC CORRECTIONS

Fan sound level does not vary sufficiently with
altitude to warrant using sound ratings at conditions other
than sea level.

Fan tables and curves are based on air at standard
atmospheric conditions of 70 F and 29.92 in. Hg
barometric pressure. If fan is to operate at nonstandard
conditions, the selection procedure must include a
correction. With a given capacity and static pressure at
operating conditions the adjustments are made as
follows:

1. Obtain the air density ratio from Chart. 2
2. Calculate the equivalent static pressure by

dividing the given static pressure by the air
density ratio.

3. Enter the fan tables at the given capacity and
equivalent static pressure to obtain speed and
brake horsepower. This speed is correct as
determined.

4. Multiply the tabular brake horsepower by the air
density ratio to find the brake horsepower at the
operating conditions.

If atmospheric corrections are ignored in the fan
selection, fan speed and air capacity may be too small,
and the brake horsepower somewhat high.
Example 3 illustrates a fan selection at high altitude.

Fig. 17 – System Instability

CHART 2 – ATMOSPHERIC CORRECTIONS
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Example 3 – Fan Selection at High Altitude
Given:

Air quantity* - 37,380 cfm
Static pressure* -1.45 in. wg
Altitude - 5000 ft
Air temperature - 70 F
Fan ratings - Table 6

Find:
Fan speed, brake horsepower and class.

Solution:
1. From Chart 2 the air density ratio is 0.83.
2. The equivalent static pressure is equal to 1.45 /

0.83 or 1.75 in. wg.
3. Select from Table 6 a size 7 double inlet fan,

operating at 520 rpm and requiring 13.45 bhp.
4. The design speed at 5000 ft is 520 rpm.
5. The brake horsepower for the less dense air at

5000 ft is 0.83 x 13.45 or 11.2 bhp.
6. At the fan outlet velocity of 1800 fpm and the

equivalent static pressure of 1.75 in. wg, enter
Chart 1.  The selection is well within the range of
a Class I fan. This is the proper selection.

At altitudes above 3300 feet, fan motor temperature
guarantees may not apply. High altitude applications
should therefore be brought to the manufacturer’s
attention.
ACCESSORIES

Fan accessories are available to fulfill specific needs.
Where applicable, the following accessories can aid in
assuring a satisfactory air conditioning system.
Access Doors

Access doors on the fan scroll sheet should be
provided whenever there is a possibility of dirt collecting
the fan.
Drains

A drain should be specified whenever condensation
or water carry – over may occur.
Variable Inlet Vanes

Figure 18 shown a set of variable inlet vanes. These
vanes are a volume control device and may be
automatically or manually actuated. They are
recommended for applications with long periods of
reduced capacity operation and for use with static
pressure regulators. Use of variable inlet vanes is further
discussed under Control.

Outlet Dampers
Outlet dampers are a volume control device and may

be automatically or manually actuated. They may be used
for applications requiring extreme capacity reduction for
short periods of time or for small adjustments. These
dampers are illustrated in Fig. 19. Their use is further
discussed under Control.
Isolators

In order of decreasing vibration isolation efficiency,
steel spring isolators, double rubber – in shear isolators,
and single rubber – in shear isolators are all used for fan
installations. These isolators are normally used in
conjunction with steel channel bases so that the fan and
the motor may be mounted on an integral surface. For a
more complete discussion of vibration isolation, refer to
Chapter 2 of this part.
Bearings

Ball bearings are the most common type of bearing
used on fans. The sleeve oil bearing can be provided at
an extra cost and is initially a quieter bearing. However,
its quietness has been overemphasized since the noise
does not materially add to the fan air noise.

Fig. 18 – Variable Inlet Vanes

Fig. 19 – Outlet Dampers
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CONTROL
Variation of the air volume delivered by a fan may be

accomplished by several methods:
1. Variable speed motor control
2. Outlet damper control
3. Variable inlet vane control
4. Scroll volume control
5. Fan drive change
Use of a variable speed motor to control fan capacity

is the most efficient means of control and the best from
the standpoint of sound level. However, it is the most
expensive method.

Use of outlet dampers with a constant speed motor is
the least expensive method but the least expensive
method but the least efficient of the first three mentioned
above.

Variable inlet vanes may be used to adjust the fan
delivery efficiently over a wide range. This method
controls the amount of air spin at the fan inlet, thus
controlling the static pressure and horsepower
requirement at a given fan speed.

Figure 20 compares variable inlet vane control, outlet
damper control and speed control as each affects fan
performance. The horsepower curves indicate the power
required at various vane settings, damper positions and
fan speeds respectively.
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The horsepower curve of variable inlet vane control
(Fig. 20) is based on a fan designed with supplementary
fixed air inlet vanes, such that there is no loss in efficiency
when variable vanes are used instead. A loss of static
efficiency as great as 10% results from the use of variable
inlet vanes on a fan designed with an open inlet.

Tubeaxial and vaneaxial fans are often equipped with
adjustable for matching the fan to fan to system
requirements.

Propeller fans may be speed–controlled or blade–
adjustable.
LOCATION

Refer to Part 2 for the aspects of fan location. The
effect of fan motor location on the system cooling load
and air volume is discussed inn Part 1.

MULTIPLE INSTALLATIONS
Fans may be arranged in series or in parallel to

provide for operating not met by the use of a single fan.
Possible series applications include:
1. Recirculating fan
2. Booster fan
3. Return air fan
A recirculating fan increases the supply air to a

space without increasing the primary air (Fig. 21) . The
purpose is to obtain greater air motion, usually in
relatively lightly loaded area, or to decrease the
temperature difference between supply air and room air.
An industrial application prompted by the former purpose
is the recirculation of air in an inspection room served by
the same system as a neighboring production area.

A booster fan is used the step up the static pressure
in a distribution system in order to serve a remote area,
loaded intermittently; when this area is loaded, it requires

a small air quantity relative to the total primary air (Fig.
22) . A conference room (space A) could be conditioned
in this manner.

The most common series application is the return air
fan, usually used on extensive duct systems to facilitate
the controlling of the mixture of return air and outdoor air
and to avoid the excessive room static pressures
required (Fig. 23) . Use of a return air fan also provides a
convenient method for exhausting air from a tightly
constructed building.

In air conditioning, fans are seldom directly staged,
with the outlet of the first being the inlet of the second.
The fan efficiency and the operating economy suffers if
this method is used for merely obtaining a higher static
pressure.

Fig. 23 – Return Air Fan

Fig. 22 – Booster Fan

Fig. 21 – Recirculating Fan
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Fans may be applied in parallel if dictated by space
limitations or if provision is to be made for a future
addition. Centrifugal fans are available factory – mounted
in cabinets for the former reason. Parallel fans provide
greater capacity at a common static pressure.

However, a parallel design is seldom chosen just to
increase capacity since no improvement in fan efficiency
occurs and economy is not warranted by the greater first
cost of the parallel installation.
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CHAPTER 2. AIR CONDITIONING APPARATUS

This chapter contains practical information to guide
the engineer in the application, selection and installation
of various types of air conditioning apparatus, remote
from the source of refrigeration.

Although the concept of air conditioning includes the
moving, heating and cleaning of air, this chapter is
devoted primarily to cooling, dehumidifying and
humidifying equipment. Other types of air handling
equipment are discussed in Chapters 1 and 3 of this part.
TYPES OF APPARATUS

Air conditioning apparatus may be classified into two
major groups:

1. Coil equipment in which the conditioning
medium treats the air thru a closed heat transfer
surface.

2. Washer equipment in which the conditioning
medium contacts the air directly.

These two groups may be subclassified as shown
Chart 3.

Because of its specialized application, packaged or
unitary air conditioning equipment is described in
Chapter 3 of this part. Terminal equipment is discussed in
Parts 10 and 11.
STANDARDS AND CODES

The application and installation of air conditioning
apparatus should conform to all codes, laws and
regulations applying at the job site.

Applicable provisions of the American Standard
Safety Code B 9.1 and ARI , ASHRAE and AMCA
Standards govern the testing, rating and manufacture of
air conditioning apparatus.
FAN–COIL EQUIPMENT

As the term implies, the primary constituents of a
fan – coil  unit are a fan to produce a flow of air and a
chilled water or direct expansion coil to cool and
dehumidify the air.
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Accessories such as a heating coil, a humidifier and a
filter section are normally available to perform, if
necessary, the remaining air conditioning functions. The
required components may be assembled into a factory –
fabricated, cabinet style package. Figures 24 and 25
show respectively a single zone and a multi–zone
fan – coil unit.

A spray coil section is shown in Fig. 26. Since such
equipment in intended for incorporation in a built up
apparatus, it is not fan–coil equipment. However,
because of the similarity of function, spray coil equipment
is discussed in this section. Differences in application
and layout will be noted as they exist.

Fig. 24 – Single Zone Fan- Coil Unit

Fig. 25 – Multi-Zone Fan-Coil Unit

Fig. 26 – Spray Coil Section

Fig. 27 – Spray Fan-Coil Unit

www.HVAC-ENG.com



Part 10. Air Handling Equipment  |  Chapter 2. Air Conditioning Apparatus

      Figure 27 illustrates a spray fan – coil unit.
Single zone and multi–zone fan–coil units differ

physically in the location of the fan relative to the cooling
coil. In a single zone unit, the fan is located downstream
of the cooling coil. Therefore, this type of unit is often
termed a “draw–thru” unit. A multi-zone unit may be
referred to as a “blow–thru” unit since the fan is located
upstream of the coil . Figures 28 and 29 indicate the flow
of air thru the two types of central station fan–coil
apparatus.

Typical variations occurring in total pressure, static
pressure and velocity pressure, as air passes thru a fan –
coil unit, are illustrated in Fig. 30 and 31. The use of a fan
equipped with a diffuser helps to convert velocity
pressure to static pressure with a minimum energy loss.

Fan–coil units are furnished with either forward or
backward–curved blades. Forward-curved blade fans are
well suited for such use, since they perform at slower
speeds than other types of fans. Fan wheel construction
is lighter in weight, more compact and less expensive
than with backward–curved blades. Longer fan shafts are
permissible because of the slower speeds.

APPLICATION
The application of air conditioning equipment is

influenced  by the cooling load characteristics of the area
to be served and the degree of temperature and humidity
control required.

A single zone unit most effectively serves an area 
characterzied by a relatively constant or uniformly varying 
load. Ideally, this are would be a single large room. 
However, multi–room applications are practical, provided
a given variation in load occurs in all rooms 
simultaneously and in the same proportion. If required, 
zoning may be accomplished by reheat or air volume 
control in the branch ducts.

In a multi–room application where load components 
vary independently and as a function of time, a multi– 
zone apparatus provides individual space control with a  
single fan unit. For this type of load a multi–zone 
installation is less expensive than a single zone 
installation with a multiplicity of duct reheat coils.

Since a multi–zone unit permits outdoor air to bypass 
the cooling coil at partial loads, its use is particularly 
adapted to applications with high sensible heat factors 
and minimum of outdoor air. If humidity control is required 
with a multi–zone unit, a precooling coil may be installed 
in the minimum outdoor air duct.
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A standard fan-coil unit affords a close temperature
control only. A measure of humidity control may be
obtained by providing a unit humidifier such as a city
water spray package. However, if more certain humidity
control is required, a spray coil section or spray fan-coil
unit is better suited to the application.

Spray coil equipment may be utilized for summer
cooling and dehumidification, winter humidification and
evaporative cooling in intermediate seasons. Its use is
preferred for applications where humidity control is
required, such as in industrial processes, hospitals,
libraries and museums. Spray coil equipment may also
be equipped with a spray water heater to provide
simultaneous cooling or heating and humidification.

Standard fan-coil equipment, both single zone and
multi-zone, may be obtained for air deliveries as high as
50,000 cfm. Multiple spray coil sections are available for
air quantities exceeding 60,000 cfm. Where the size of
available factory-fabricated equipment is exceeded the
apparatus must be constructed of individual cooling coils
or spray coil sections.

Static pressure limitations on fan-coil unit fans vary
widely with the manufacturer considered. Available
cabinet fan pressure classes are defined in Chapter 1 of
this part.
UNIT SELECTION

The selection of fan-coil equipment is a matter of
achieving the required performance at the maximum
economy. The economic aspect includes not only the
particular unit and coil chosen but also the effect of that
choice on other system components, such as piping,
ductwork and refrigeration equipment.

The selection procedure involves choosing the unit
size and the coil. A coil selection includes the
determination of the coil depth in rows required, the
0ptimum coil fin spacing and, in the case of chilled water
coils, the appropriate circuiting.
Unit Size

With the dehumidified air quantity known, the choice
of unit size normally precedes the coil selection. In most
cases, the size is determined by the cooling coil face
velocity.

When selecting a coil face velocity, it is suggested
that the highest allowable face velocity he used in the
interest of economy. Manufacturers rate their (coils at
maximum face velocities proven by tests to he
satisfactory, with respect to both the entrainment of
moisture droplets and air resistance. However, if
simultaneous reheat and dehumidification is required of
the unit, the maximum recommended cooling coil face
velocity may be less than that otherwise allowed,

depending on the design of the particular unit in question.
Since a unit reheat coil is not as deep as the cooling

coil and does not condense moisture, limiting the unit size
by limiting the heating coil face velocity is not
economically justifiable. Manufacturers of fan-coil
equipment have design their internal heating coils to
provide optimum performance at recommended  cooling
coil face velocities.

As explained in Chapter 1 of this part, fan outlet
velocity should not be used as a selection criterion
reflecting the intensity of sound generation. Sound
characteristics improve with rising fan efficiency, rather
than with decreased outlet velocities.
Coil Selection

A particular cooling coil is selected to produce a
desired effect on the air passed thru it, in accordance
with the sensible, latent and total cooling loads calculated
for the space and with the condition of the air entering the
coil. However, the final selection defines also the required
chilled water flow, the pressure drop at that flow and the
required entering water temperature; or in the case of a
direct expansion coil, the refrigerant temperature.
Therefore, the coil selection should be made with regard
to refrigerant side or chilled water side performance as
well as to air side performance.

Thus, each coil selection has two facets which may
be regarded as independent for the purposes of
selection. Air side and refrigerant side performance
should be considered separately and then matched to
produce the final economically optimum coil selection.
The apparatus dewpoint method of coil selection
provides means for matching air side and refrigerant side
performances. This method is described  in Part 1.

The two-step concept of coil selection is presented
as follows:

1. Make a tentative coil selection in terms of rows
and fin spacing, based on the bypass factor re-
quired by established air conditions. Coil bypass
factor determines apparatus dewpoint.

2. Determine the refrigerant side performance,
using the apparatus dewpoint found in the first
step. This involves finding the required refrig-
erant temperature for direct expansion coils or
the chilled water quantity, temperature and
resulting pressure drop for water coils.

Thus, the coil can be tentatively selected without
regard to the final refrigeration machine selection. If the
first. coil selection does not provide satisfactory
refrigerant side performance, another coil with adequate
air side performance may be tried. The optimum selection
assures proper performance at the least owning and
operating cost.
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Often in a multi-zone application, the apparatus
dewpoints of the various areas differ. Rather than
penalizing the cost of the entire system by selecting the
lowest room apparatus dewpoint as the coil apparatus
dewpoint, a higher, more representative apparatus
dewpoint may be chosen, and a compromise accepted in
the design relative humidity in the room with tl1e lower
apparatus dewpoint. The increased relative humidity is
offset by a decrease in dry-bulb temperature. Such a
decision may be required in the case of a conference
room, with its relatively high latent load. If a compromise
is unacceptable for this application, maximum economy
may be achieved by furnishing the special area with a
separate system.

The various types of coil ratings and selection
techniques encountered either use directly, or are
derived from, one of two methods. They are the
apparatus dewpoint (effective surface temperature)
method and the modified basic data method. The latter
involves calculating coil performance from basic heat
transfer data and equations. It combines air side and
refrigerant side performance determination into a single
operation. However, the basic data method requires
assumptions which are usually modified later in the
selection, and is therefore a trial-and-error procedure.
Calculated coil depth may be a decimal figure which
must be rounded to a whole number, in turn necessitating
a recalculation of performance. The apparatus dewpoint
method is derived from the two-step concept of coil
selection arid implements its use. Coil rows are dealt with
in terms of standard whole numbers only.

Charts 4 and 5 are conversion charts used to
evaluate the air side performance of any cooling coil, with
entering and leaving air conditions established. This
performance is in terms of coil bypass factor and
apparatus dewpoint. A straight edge, fixed at the entering
dry-bulb temperature and rotated to pass thru the various
intersections of the coil bypass factor and the line
connecting entering and leaving wet-bulb temperatures,

indicates the coil bypass factor which satisfies the leaving
dry-bulb temperature. The apparatus dewpoint can he
read at the chosen intersection.

Where the bypass factor for a particular coil is
unknown, the coil performance may he plotted on the
chart, and the bypass factor may he read at the
intersection of the entering-leaving wet-bulb and dry-bulb
lines. The bypass factors of various coils may thus be
directly compared.

When selecting a cooling coil in conjunction with an
air conditioning load estimate form, the bypass factor of
the coil selected should agree reasonably with the
bypass factor assumed in the estimate. If it does not, the
estimate should be adjusted accordingly, as indicated in
Part 1.

Refrigerant side coil ratings presume a tentative coil
selection when based on the apparatus dewpoint. Chart
6 and Table 7 illustrate apparatus dewpoint refrigerant
side ratings for chilled water and direct expansion coils
respectively. Such charts are used in the second step of
the two-step approach described above.

Table 8  shows the entering wet-bulb type of rating for
direct expansion coils. This method of presentation is
used frequently and may or may not be derived from the
apparatus dewpoint method.

For a direct expansion coil, optimum coil circuiting is
incorporated by the manufacturer into the coil design. A
direct expansion coil experiences a decreased capacity
with an increased refrigerant pressure drop caused by a
greater coil circuit length. This is true even with a given
coil surface.

Chilled water coils are usually offered with two or more
circuiting arrangements, and the final coil selection
prescribes the circuiting. The coil with the least number of
circuits has the greatest number of passes back and forth
across the coil face and vice versa. The minimum
circuited coil has a greater capacity and produces a
higher chilled water temperature rise at a given water
quantity.
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However, the greater number of passes of a minimum
circuited coil results in a pressure drop higher than that
thru a coil of the same size but with more circuits and less
passes. Minimum circuited coils are often used on large
extensive systems in which the greater pumping head
required is more than offset economically by the reduced
first cost of piping and insulation.

With the required air side coil performance given, the
greater the difference between apparatus dew-point and
entering chilled water temperature the smaller the
required water quantity will be. Therefore, the choice of a
chilled water temperature may involve an economic
analysis of the first costs and operating costs of the
refrigeration plant versus the cost of the piping system.
The selection of the water temperature should not be
arbitrary; however, experience has shown that a
temperature approximately 5 degrees below the
apparatus dewpoint is the maximum water temperature
that should be used to effect an economical system
design. If the resulting water quantities seem to be too
high , a lower temperature can be assumed, and its

influence on the refrigeration machine size, power input
and piping costs should be studied. With a given coil,
load and apparatus dewpoint, when the chilled water
temperature is reduced , the required water quantity
decreases and the temperature rise increases.

By using a coil which requires a smaller water
quantity at a higher temperature rise, the following
advantages may be realized:

a. A smaller refrigeration machine may be
selected, or

b. The horsepower requirement may be
reduced for the same size machine by
operating at  an increased evaporator
temperature, or

c. The condenser piping or heat rejection
equipment may be reduced for the same
size machine by operating at a higher
condensing temperature with less
condenser water.

2. Lower chilled water distribution costs with saving
in piping, pump and insulation may be obtained.

1.

www.HVAC-ENG.com



Part 10. Air Handling Equipment  |  Chapter 2. Air Conditioning Apparatus

A limitation is also imposed on the minimum chilled
water quantity by the velocity required for efficient heat
transfer. A minimum Reynolds number of 3500 is
suggested toinsure predictable and efficient performance
of a coil. The minimum chilled water flow required to
maintain this Reynolds number is approximately 0.9 gpm
per circuit for a           in.  OD coil tube diameter. For  a         in
OD tube diameter, the minimum flow suggested is 0.7
gpm per circuit.

Well water may be circulated thru chilled water coils
if it is sufficient quantity and at a satisfactory temperature.
However, well water temperature are usually low enough
to produce sensible cooling only and little or no latent
heat removal. In such a case, the well water may be
utilized in a precooling coil to remove some of the
sensible heat. The remaining cooling load ,sensible and
latent , is handled by supplement refrigeration.

Manufacturer’s recommendations regarding maxi-
mum and minimum direct expansion coil loadings should
be followed. Selections at loadings below the minimum
may result in unsatisfactory oil return, poor refrigerant
distribution and coil frosting.
Atmospheric Corrections

Cooling coil ratings are based upon the standard
atmospheric conditions of 29.92 in. Hg barometric
pressure. For atmospheric pressures significantly
different, such as at altitudes exceeding 2500 feet, a
correction should be applied to the air quantity before
making the coil selection.

Assuming that the necessary corrections have been
made to the load calculation and the sensible heat factor
as described in Part 1, the following procedure should be
applied to the unit selection:

1. Obtain the density ratio from Chapter 1, Chart 2.
2. Multiply the calculated dehumidified air quantity

by the density ratio to determine the equivalent
air flow at sea level.

3. Use this adjusted air quantity, together with the
calculated cooling load and sea level refrigerant
side coil ratings, to determine the coil water flow
and pressure drop or refrigerant temperature.

The calculated dehumidified air quantity is used with
no correction to determine unit size and coil face velocity.
However, the coil air side pressure drop must he
corrected, as described in Part 2.

Fan performance is analyzed in Chapter 1 of this part
and motor selection is influenced as outlined in Part 8.
ACCESSORIES
Heating Coils

Unit heating coils for fan-coil equipment are available
in a variety of depth and fin spacing combinations and in

both the nonfreeze steam and U-bend types. The latter
type may be used with hot water or steam and may be
obtained in different combinations of tube face and fin
spacing to produce different rises with the same entering
air temperature, face velocity, and steam pressure or hot
water temperature. Heating coils are also usually capable
of being mounted before or after the cooling coil.

During the intermediate season, any zone served by
a multi-zone unit should be able to obtain heating or
cooling on demand. Since there is no common supply air
duct in which air mixing can occur on a multi-zone
installation, the problem of air temperature stratification is
of considerable importance. Stratification across the unit
heating coil may cause some zones to be denied heat
when it is needed.

The throttling of a steam control valve may produce
stratification if the steam condenses fully before reaching
the end of the tube or circuit. Therefore, it is suggested
that full steam pressure he applied to a multi-zone unit
heating coil whenever heating may be required by any
zone.

In order to provide an air path of approximately equal
pressure drop thin either of the two widely differing beat
transfer surfaces in a multi-zone fan-coil unit, perforated
balancing plates are often used. It may be necessary for
the engineer to select such a device, particularly if no
heating coil is required.

The application and selection of heating coils is
described in detail in Chapter 4 of this part.
Humidifiers

On a fan-coil unit not equipped with recirculated
water sprays, humidification may be obtained by means
of a city water spray humidifier, a steam pan humidifier, a
steam grid humidifier or a humidifying pack. Spray coil
and steam grid equipment provides the most effective
humidity control.

A city water spray humidifier consists of a header,
spray nozzles and strainer. Either atomizing or non-
atomizing sprays are available. The latter type requires a
lower water pressure. In either case, the spray density or
amount of water circulated per square foot of cooling coil
face area is considerably less than that of a recirculated
spray coil. Therefore, although lower in first cost, the city
water spray humidifier is less efficient than a recirculated
spray coil. An eliminator is not usually required for a city
water spray.

The use of copper fins on copper tubes with spray
humidifiers is suggested when city water has a specific
electrical conductance of 500 or more micromhos at 77 F.
(See Part 5 for values of water conductance in various
locations.) Aluminum fins may be used if city water is of
the proper quality. The use of copper fins should be
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considered where industrial gases such as hydrogen
sulphide, sulphur dioxide or carbon dioxide are present
and where salty atmospheres prevail.

If air flow is not maintained thru a spray section when
it is operating, wetting of the unit and leakage may result.
Therefore, a solenoid valve should be installed or other
suitable precautions taken to stop the sprays when the
unit fan is not running. To maintain a minimum coil air flow
when utilizing face and bypass dampers, a minimum
closure device should be provided on the face dampers.

The spraying of heating coils may result in scaling on
the coil and the production of odors. This practice should
therefore be avoided.

The use of spray humidifiers with a multi-zone unit
should be avoided. Since the coil is subjected to a
positive static pressure, spray water may leak from the
unit cabinet. If sprays are used, they should be of the
atomizing type. A grid or pan humidifier is preferred for
this usage.

Grid humidifiers are lengths of perforated steam
piping wrapped with wicking such as asbestos. The pipe
is mounted in an open pan, pitched to facilitate
condensate drainage. The condensate drain line from the
unit should be trapped to provide a water seal, as
described in Part 3. Steam pressures should not exceed
5 psig for this application, and the steam used should be
free of odors.

The mixing of steam with conditioned air normally
produces a negligible increase in the air dry-bulb
temperature. This type of humidification, therefore,
approximates a vertical line on a psychrometric chart.
Figure 32 illustrates the process. When designing a
system using a grid humidifier, the temperature of the air
entering the humidifier should be high enough to permit a
moisture content at saturation (point C) equal to or
greater than the desired air moisture content.

Pan humidifiers include a pan to hold water, a steam
coil to evaporate the water, and a float valve for water
make-up. For this application, a steam pressure of 20
psig is suggested for maximum humidifying efficiency.

Humidifying packs use a fill (often of glass fibers) as an
evaporative surface. The pack is located in the air stream
and water is sprayed over the fill.
Spray Water Heaters

Spray coil equipment may be provided with a spray
water heater to permit simultaneous cooling or heating
and humidification. Such flexibility is required during
winter operation or where the volume of outdoor air is
large in relation to the total air quantity. Typical
applications include certain industrial processes or
hospital operating rooms. These processes are described

in Part 1.

Face and Bypass Dampers
On applications employing face and bypass control

of coil equipment, the fan selection anti air distribution
system should be based on an air quantity 10% above
the design dehumidified air volume. This additional air
quantity compensates for leakage thru a fully closed
bypass damper and for air quantity variations occurring
when face and bypass dampers are in an intermediate
position. With the bypass dampers fully open, system
static pressure may be reduced and air quantity and fan
brake horsepower increased. Therefore, on face and by
applications especially, fan motors should be selected so
that nominal horsepower ratings are not exceeded.

Where a fixed bypassed air quantity is required, the
bypass damper may be provided with a minimum closure
device. However, some control range is sacrificed with
this method. If face and bypass control is not to be used,
a fixed bypass may be obtained by using a face and
bypass damper section with the face dampers removed.

The bypass of outside and return air mixtures
introduces high humidity air directly to the conditioned
space. When employing face and bypass control, it is
preferable to bypass return air only. This may be
accomplished as shown in Fig. 33.

Vibration Isolation
Four types of isolators are normally used to absorb

the vibrations produced by fan-coil equipment as well as
other types of rotating or reciprocating machinery. In
order of decreasing effectiveness and first cost, they are:

1. Steel coil springs
2. Double rubber-in-shear
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3. Single rubber-in-shear
4. Cork

Steel spring or rubber-in-shear isolators are available
for floor-mounted or suspended equipment. Ribbed
neoprene pads may be bonded to any of the isolators
noted above for floor-mounted units. These pads resist
horizontal movement, compensate for slight irregularities
in the floor surface, and protect floors from marring.

The proper bearing surface should be provided for
cork pad isolators as recommended by the isolator
manufacturer. Underloading does not permit the full
resiliency to be utilized, while overloading may result in
permanent deformation of the cork structure.

Similarly, if spring or rubber isolators are loaded past
the point of full compression, binding occurs and there is
no isolation.

Vibration isolation efficiency is the percentage of a
vibration of a given frequency absorbed by the isolator.
Thus, the vibration transmitted beyond the isolator is the
difference between 100% and the isolation efficiency.

Isolation efficiency is a function of the isolator
deflection when loaded and the disturbing frequency of
the machine isolated. For a fan or fan-coil unit the
disturbing frequency is the fan speed. Chart 7 shows the
relation between static deflection, disturbing frequency
and isolation efficiency for any case of vibration. In
addition, Chart 7 indicates the ranges of deflection for
which the various types of isolators are normally
obtainable.

As illustrated by Chart 7, for a given disturbing
frequency, isolator efficiency increases with deflection.
Since greater deflections are obtainable with springs than
with other types of isolators, springs provide the most
effective isolation over all frequencies. Cork is not an
effective isolation material for frequencies below about
3000 rpm.

A minimum vibration isolation efficiency of 85% is
usually satisfactory for ground floor or basement
applications in noncritical buildings. Upper floors may
require as high an efficiency as 93%, while critical upper
floors usually allow no less than 95%. When several

pieces of vibrating equipment are concentrated in one
room in a critical upper floor installation, the required
efficiency may approach 98.5%, and the transmission of
vibration to the floor should be considered in the building
design.

Whether floor-mounted or suspended, unit may be
mounted on a steel channel base which is then isolated.
Units may also he mounted on vibration isolators directly,
with no intermediate base. Manufacturers provide support
points or hanging brackets for fan-coil equipment, and
their recommendations regarding support points and
isolator loadings should be followed. Often, larger units of
a series or those including the most components require
a channel frame base for mounting. Mixing boxes and low
velocity filter boxes are usually mounted on their own
isolators, so as to prevent a cantilever effect.

If a unit is to be directly isolated with no base
employed, the deflection at each Support point should be
the same. If equal loading is assumed, individual isolators
may be overloaded to the point of binding or
underloaded, resulting in decreased isolation efficiency.
Point loadings for a given unit, coil and component  are
usually available from the unit manufacturer.

Operating weights should be used in selecting
vibration isolators. This is particularly important where
water coils are used.
Example 4 – Vibration Isolator Selection
Given:

Fan – coil unit operation weight – 1640 lb equally
distributed at four points.
Fan speed  - 800 rpm
Design isolation efficiency – 90 %

Find:
Required type and characteristics of isolator.

Solution:
1. From Chart 7 read the required isolator

deflection of 0.6 in., within the spring application
range.

2. Determine the individual isolator loading; 1640  =
410 lb.                                                           4

3. Select a spring isolator with a maximum
characteristic of 410/0.6 or 683 lb per inch. If the
characteristic of the spring chosen is less, the
deflection is greater than 0.6 in., and the
isolation efficiency greater than 90% . However,
the spring must not be loaded above its
maximum.

Filters
Factory–fabricated filter sections for both high velocity

or low velocity filters are normally obtainable from the
manufacturer of a fan–coil unit. Either throw–away or
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cleanable filters can be used. For built – up apparatus
field – assembled filter frames are available.

If high velocity filters are to be used in a low velocity
filter section, the full area of air flow is not required.
Rather than fill up the entire section with high velocity
filters operating at a low velocity, bank–off pieces may be
installed, thus lowering the effective area. Blank-offs
should be located uniformly across the face of the filter
section instead of concentrated in one place.

Filters are discussed in detail in Chapter -4 of this
part.
INSTALLATION
Location

The economic and sound level considerations
pertaining to the location of air handling apparatus, as
discussed in Part 2, are applicable to fan-coil equipment.

Two of the most important factors in the location of air
conditioning equipment are the availability of outdoor air
and the ease of air return. Outdoor air may be brought to
a unit thru a wall, roof or central building chase. It is
preferable to locate outdoor air intakes so that they do not
face walls of spaces where noise would be objectionable.
Air may be returned thru a duct system or directly to the
equipment room.

Layout
A fan-coil unit may be of the vertical or horizontal type,

depending upon the direction of air flow entering the fan
cabinet. It may be floor-mounted or, in the case of a
horizontal unit, suspended from above. The choice of unit
style and mounting usually depends upon space
requirements and optimum duct layout. A support base
may be employed, if necessary, as discussed under
Vibration Isolation.

A practical location recognizes the need for effective
servicing of the unit. A minimum of 30 inches is
suggested to provide access between the unit and the
nearest wall. This facilitates servicing of steam traps, fan
bearings, damper motors and fan motor. In addition,
service space about the unit must be provided for filter
removal, coil removal, fan shaft removal, an(l the cleaning
of cleanable coils.

Suspended units should be accessible from above, if
possible. If frequent access is required and space
permits, a catwalk may be required.

An access plenum and door should be provided
between the filter section and coil section of a spray fan-
coil unit. This access permits periodic inspection and
cleaning of the sprays and drain pan.

A level unit is necessary to insure proper drainage
from coils and drain pan. Manufacturers of spring
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vibration isolators usually provide leveling devices in the
isolator to compensate for deflection differences.

Units located outdoors require suitable motors and the
protection of fan drive and shaft bearings, as well as
insulation as noted below.

For information pertaining to the design of air
distribution system components and piping at the unit,
refer to Parts 2 and 3.

Insulation
In a fan-coil unit the casing housing the fan section,

cooling coil section and components downstream of the
cooling coil are usually internally insulated. This insulation
is adequate for normal interior applications. The outdoor
air intake duct should be insulated and vapor sealed to
prevent condensation on the duct during cold weather.
If the intake is kept as short as possible, insulation costs
are minimized. Insulation and vapor sealing of the mixing
box may be required, depending on the quantity of
outdoor air introduced and on the winter design
temperature. Intakes for units circulating 100% outdoor
air should be insulated up to the preheater.

Units located outdoors should be completely covered
and caulked with weatherproofing material. If the outdoor
air temperature can fall below the dewpoint of the air
within the unit, the unit should be externally insulated,
vapor sealed and weather-proofed to prevent interior
condensation and to minimize heat losses. The insulation
on the top surfaces of the unit should be slightly crowned
so that water can run off.
CONTROL

If an air conditioning apparatus is to perform
satisfactorily under a partial load in the conditioned area,
a means of effecting a capacity reduction in proportion to
the instantaneous load is required. The three methods
most commonly employed for capacity control are air
bypass control, chilled water control and air volume
control.

With a drop in room load the sensible heat ratio
usually decreases since the room latent load remains
constant. This condition commonly occurs in areas where
a large proportion of sensible load such as solar heat
gain may be decreased with no influence on latent load,
as from people or infiltration.

In order to maintain design conditions at partial loads

and with decreased sensible heat ratios, the effective coil
surface temperature for a given coil must be lower than
that surface temperature consistent with full load design
conditions. This requirement is illustrated in Fig. 34 . The
relation between effective coil surface temperature and
percent of design room sensible heat depends on the
volume of outdoor air conditioned by the coil.

However, decreasing the flow of chilled water thru the
coil as a means of capacity control causes the effective
coil surface temperature to rise as the load decreases.
Therefore, room humidity also rises. For this reason it is
preferable to maintain the design flow of chilled water thru
the coil at all times.

Figure 35 a shows a typical cooling coil process at full
load for a given set of entering air and water conditions.
Figures 35 b, 35 c and 35 d depict at half load the three
methods of control cited and the influence in each case
on effective coil surface temperature. Air volume control
is similar in effect to air bypass control. However, the
bypassing of air around the coil permits a relatively
constant air delivery to be maintained.

www.HVAC-ENG.com



Part 10. Air Handling Equipment  |  Chapter 2. Air Conditioning Apparatus

www.HVAC-ENG.com



Part 10. Air Handling Equipment  |  Chapter 2. Air Conditioning Apparatus

As discussed in Part 1, applications with high latent
loads may require reheat control of room temperature.
Figure 36 indicates the amount of reheat required,
relative to room total heat, to maintain design relative
humidity at various sensible heat ratios.
COIL FREEZE-UP PROTECTION

The freezing of water in preheat, reheat and chilled
water coils may damage the coils and lead to costly
repairs. Freezing may occur not only in coils of units
operating during cold weather but also in the coils of units
not in operation.

Outdoor air at subfreezing temperatures often comes
in contact with heat transfer surfaces as a result of air
temperature stratification. Stratification is caused usually
by incomplete mixing of return air and outdoor air or by
an uneven temperature rise thin the preheat coil caused
by coil throttling. The complete mixing of air may be
promoted by the proper arrangement and design of the
ductwork. Uneven temperature rises thru preheat coils
and heating coil freeze-up may be prevented as outlined
in Chapter -1 of this part.

Coil freeze-up may also be caused by the direct
introduction of cold air thru an unprotected coil.
Circulation of outdoor air thru an interior fan-coil unit not in
operation can be induced by a stack effect, particularly if
the unit is on one of the lower floors of a tall building.

In addition to design precautions against stratification,
the following methods may be employed to protect a
water coil:

1. Remove the water from the coil during the winter.
2. Run the chilled water pump.
3. Decrease the freezing point of the coil water.
Removal of the water from the coil should be

accompanied by blowing out the coil with a portable
blower to remove residual water. An alternate method of
freeze protection is to circulate an inhibited antifreeze
solution thru the coil before final drainage.

Operating the chilled water pumped  during the winter
is a costly solution to the problem of freezing. In addition,
it is not a certain method since a plugged tube could still
freeze.

The practice of using a properly inhibited alcohol
brine or antifreeze thruout the year for coil freeze-up
protection is becoming more common. Brines have been
developed and are now available, particularly for this
purpose. Refer to Part 4.
WASHER EQUIPMENT

The most commonly applied type of washer
equipment is the central station washer (Fig. 37),
designed for incorporation into a field-built apparatus.
Figure 38 is a cutaway view of the same type of washer
and indicates the direction of air flow.

This washer consists of a rectangular steel chamber,
closed at the top  and sides and mounted on a shallow
watertight tank of steel or concrete. Inlet baffles located at
the air-entering end of the washer promote uniform air
velocities thru the washer and minimize the spraying back
of water into the entrance chamber as a result of air eddy
currents. At the air-leaving end of the washer, eliminators
are provided to remove entrained water droplets

Within the washer spray chamber two banks of
opposing spray nozzles provide finely divided droplets of
water uniformly distributed. After contacting the air, the
water is collected in the tank and is returned to the sprays
by a recirculating pump.

A central station washer may be designed for use as a

www.HVAC-ENG.com



Part 10. Air Handling Equipment  |  Chapter 2. Air Conditioning Apparatus

humidifier or as a dehumidifier. The physical arrangement
is the same in either case. A dehumidifier is normally
shorter in airway length than a humidifier.

Washers may also be obtained in a unitary design. A
unitary spray washer, comparable in design and function
to a central station washer, is shown in Fig. 39. Other
types of unitary washers involve the wetting of a fibrous fill
or set of pads located in the air stream.

The particular washer shown in Fig. 39 operates at
high spray chamber air velocities and is. therefore,
smaller than a central station washer for a given air
volume. Figure 40 indicates the path of the air thru the
unit components. The unit includes an inlet air mixing
plenum, a vaneaxial fan, a diffuser section, a spray
section and a rotating eliminator.

Two to six banks of sprays condition the air and clean it of
dirt and other airborne particles. After contact with the air,
the water drains from the spray section to a central tank
from which it is recirculated.
APPLICATION

Air washers are primarily employed in industrial air
conditioning applications. The use of sprays permits
humidification, dehumidification or evaporative cooling,
as required. In addition, sprays enable a degree of
humidity control not possible with coils alone.

Washer equipment is effective in the removal of
certain types of odors and dirt from the air. In applications
where coils could become clogged with airborne solid
particles, washers require a minimum of maintenance.

This flexibility of function is obtained at a relatively low
installed cost of equipment per unit of air delivery. A large
air capacity is realized from equipment of low weight.
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This type of equipment is, however, open hydraulically
and thus presents problems in piping design and system
balancing. Refer to Part 3 for a discussion of washer
piping. Since the flow of air and water thin the apparatus
is parallel and since a gravity return of water is usually
employed in a dehumidifier application, pipe sizes tend to
be larger in an open system and the piping system and
insulation more expensive.

The spraying of water at high pressures such as are
required in washer equipment produces a noise level
high enough to be objectionable under some
circumstances. Sound treatment is not usually required
on equipment serving manufacturing areas or areas of
high ambient sound levels. For more critical applications
the need for sound absorption should be investigated

The unitary spray washer shown in Fig. 39 requires
considerably less space than a central station type and
requires no special apparatus room. It is more flexible in
meeting the necessities of plant layout change and is
more adaptable to zoning. The salvage value is high and
the operating weight low.

The central station washer installation results in lower

fan noise levels and lower fan operating costs. Since
central station washers are usually fewer in number and
more centrally located than unitary washers, they require
less piping when used as dehumidifiers for a given
installation.

Central station washers may be obtained for air
deliveries of 2000 to 336,000 cfm. Unitary spray washers
are available in the delivery range of 7800 to 47,000 cfm.
Humidifier

A spray humidifier provides evaporative cooling
thruout the year, as required, and heating during the
winter season, if necessary. It is particularly suitable to
applications where large quantities of sensible heat are to
be removed, and where comparatively high relative
humidities are to be uniformly maintained without the
need for controlling dry-bulb temperature above a
prescribed minimum. This type of washer equipment has
been used extensively in the conditioning of industrial
facilities engaged in the manufacture or processing of
hygroscopic materials. Such industries include textiles,
paper manufacturing, printing and tobacco processing.

A system of supplementary room atomizers is often
used in conjunction with a spray humidifier in order to
lower the first cost of the system. The psychrometrics of a
combination system are outlined in Par1.

Spray humidifiers require the recirculation of water
with no refrigeration. Recirculation occurs at the
apparatus in the case of the central station washer. With
the unitary washer, the recirculation of the water is
produced centrally.
Dehumidifier

A spray dehumidifier provides sensible cooling and
dehumidification during the summer season, evaporative
cooling during the rest of the year, and heating, if
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necessary, during the winter. It is used where lower
relative humidities are to be uniformly maintained and
where dry-bulb temperatures are to be controlled at a
comfortable level. A source of chilled water is required for
this application.

In a multiple central station system installation, the
recirculated water quantity remains constant for each
washer, and the chilled water is introduced in varying
quantities at the suction of the recirculating pump during
the dehumidifying season. See Part 3. The excess water
returning to the washer tank is either pumped back to a
central collection tank or, more commonly, drained from
the washer to the central tank by gravity. If a gravity
return is employed , a weir is required in the washer tank
to maintain the water level in the tank. Rate of return in a
pump-back application may be varied by a control valve
actuated by the washer tank water level. A return pump
should be sized to provide from l0 % to 20% more
capacity than is required. In either case, the amount of
chilled water admitted to the apparatus should be limited
to a maximum of 90% of the recirculated water quantity.

Various central station tank arrangements are shown
in Fig. 41. Figures 41a and 41b apply to gravity return
dehumidifiers. Figures 41c and 41d are typical of
pumped return dehumidifiers or evaporative cooling
applications.

Although unitary spray washers may be arranged in
the same manner as central station washers, they are
usually supplied directly with chilled water with no
recirculation at the unit. Spray density, therefore, varies
with load. Water return is by gravity to a central collection
tank.

During the months that refrigeration is not required,
the chilled water pump serving the central station spray
dehumidifier is idle.

Although efficient heat transfer is promoted by the
direct contact of air and spray water in a washer, the
parallel flow of air and water is less conducive to heat
transfer than the counter flow process possible with a
coil. Figure 42 illustrates a method of obtaining a counter
flow process with a two-stage spray dehumidifier. Flow is
parallel thru each individual stage. Such an arrangement
may permit a higher chilled water temperature or a
smaller water flow.

UNIT SELECTION
The selection of a washer includes the determination

of optimum washer size and dimensions and the
establishment of the recirculated spray water quantity
and pressure.

In the case of a dehumidifier, a study of the economic
effects of a washer selection on other components such
as piping or refrigeration equipment may be required.
Increasing the recirculated water quantity or decreasing
the washer face velocity by selecting a larger washer can
permit operation at higher chilled water temperatures or
at lower chilled water quantities.
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Unit Size
The face area of a washer is determined by the

design air quantity and the recommended maximum face
velocity. Dehumidifiers are normally designed to operate
at velocities of 300 to 650 fpm. Humidifiers are usually
selected in the 300 to 750 fpm velocity range. Velocities
above or below these limits are not conducive to efficient
eliminator performance. Therefore, if a washer must be
oversized to provide for future capacity and if the
resulting face velocity is less than 300 fpm, a partial
blank-off of the face area is suggested to increase the
velocity until that time when full capacity is required.
Similarly, if volume control is used to maintain space
conditions ,the air velocity should not be allowed to drop
below 300 fpm.

For maximum economy and flexibility of control, it is
suggested that washers be selected at a face velocity as
near as possible to the recommended maximum.

With an approximate face area determined, several
washers of various heights and widths may be selected.
First cost of the washer is usually minimized if it is
selected as square as possible, with the height
approximately equal to the width. However, at washer
heights above a specified maximum the manufacturer
may stack eliminators, thus in effect creating two
washers. It is preferable economically to select the
washer with a height below this maximum, even if the
washer width then exceeds the height.

Washer saturation efficiency or contact factor

decreases as face velocity increases. Thus, for a required
air temperature rise, slightly more air is required at higher
washer face velocities. However, the effect is not
economically significant enough to justify lower washer
face velocities.

The unitary spray washer (Fig. 39) operates at
velocities up to 2600 fpm with efficient elimination of
entrained moisture. This type of washer is rated to handle
a nominal air quantity, and selections are made in tile
range of 75% to 105% of nominal.
Spray Water

Washer saturation efficiency and contact factor are
determined by various spray characteristics in addition to
face velocity. These characteristics include the number of
spray banks and the spray water pressure. At a given
spray pressure, spray water quantity may be varied over
a relatively wide range with little change in contact factor
or saturation efficiency. This can be accomplished with
different combinations of spray nozzle orifice size and
number of nozzles.

Spray pressures usually lie in the range of 20 to 40
psig, with the higher pressures producing higher
saturation efficiencies. Dehumidifiers normally require
lower spray pressures than humidifiers.

At a given recirculated water quantity the fewer the
number of spray banks, the greater the saturation
efficiency since the spray pressure is greater. However,
in the design and rating of central station washers, tile
number of spray banks available is usually standardized
and limited.

Optimum dehumidifier efficiency is usually obtained at
a spray water quantity of approximately 5 gpm per
square foot and a pressure of 25 psig. The spay density
may vary from 3 to 11 gpm per square foot without an
appreciable effect on the performance, providing the 25
psig nozzle pressure is maintained.

Humidifier spay densities vary from 2.25 to 3.0 gpm
per square foot depending on the number and size of
nozzles used.

Evaporative cooling applications require only a
knowledge of size and saturation efficiency to complete
the selection. However, for a dehumidifier selection the
relation between leaving air wet bulb temperature and
recirculated water temperature after air contact should be
known. This information is necessary in order to calculate
the quantity of chilled water required at a given
temperature. Chart 8 illustrates such a rating.
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The unitary spray washer may be selected at various
water quantities. A selection of spray banks is therefore
available so that a range of contact factors may be
obtained. Dehumidifier ratings are based on the
apparatus dewpoint concept, as may be fan – coil unit
ratings. A typical dehumidifying performance for a given
unit size is shown in Chart 9.

Recirculating water pump heads for central station
washers usually range from 50 to 85 ft wg, provided the
pump is close to the washer. The pump head is primarily
determined by spray nozzle pressure.

Fouling factors used for selection of refrigeration
equipment used with washer equipment should be
minimum of .001. See Part 5.

Atmospheric Connections
      No correction to wash ratings is necessary for
applications at altitudes above sea level.  However, the
design air quantity should be determined as described in
Part 1, and the air side pressure drop of  the washer
adjusted as outlined in Part 2.
      The fan selection should be in a accordance with the
suggested procedure found in Chapter 1 of this part.
Motor selection at high altitudes is described in Part 8.
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ACCESSORIES
Flooding nozzles

For applications where solid airborne particles may
accumulate on eliminator blades, flooding nozzles may
be provided to continually flush the blades with
recirculated water. Flooding nozzles may also serve the
baffles at the entering face of a central station washer.
Baffle sprays, however, are usually necessary only in
applications with large quantities of air born list, such as
textile mills.

Eliminator flooding nozzles usually operate at spray
pressures of 3 to 10 psig for central station washers and
5 to 20 psig for unitary washers. With the central station
type of washer a spray water quantity of 4 gpm per row
per foot of washer width is suggested. One row is
generally required for each eliminator section. The
flooding of eliminator blades should be limited to those
blades of at least six bends.

Baffle spray nozzles may be designed for spray
pressures of 5 to 15 psig, and should be spaced to
provide effective baffle coverage at a spaced to provide
effective baffle coverage at a spray water quantity of 3 to
6 gpm per foot of washer width per pipe header. Headers
should be spaced  2 to 3 feet apart at the entering face.

Flooding nozzle water requirements may be furnished
by a separate recirculating pump or may be delivered by
the main recirculating pump. If the latter means is
chosen, the flooding nozzle water quantity should be
added to that of the main sprays and the total then used
to select the pump.
Water Cleaning devices

In order to insure proper spray nozzle operation and a
minimum of manual cleaning and maintenance, foreign
matter from the air stream and from eliminators and
baffles should be removed from the spray water.

Two types of cleaning devices are commonly
employed for this purpose: stationary screens and
automatic self-cleaning strainers. Self-cleaning strainers
are usually the rotating drum or endless belt type.

Stationary screens are located in the washer tank so
that spray water must pass thru them before being
recirculated. Cleaning the screens is a manual operation
and can be facilitated by using two screens in series,
supported by independent screen guides. The screen
openings should be smaller than the spray nozzle orifice
size. The washer tanks shown in Fig. 41a and 41c should
be equipped with stationary screens.

An endless belt self-cleaning strainer may be used
with or in place of the stationary screens and is suitable
mainly for applications where foreign matter particles are
of a relatively large size. It operates continuously,
collecting the particles on a belt and then flushing them

with recirculated or city water from the belt into a basket.
If recirculated water is used, the requirement should be
added to that of the main spray and flooding nozzles in
order to determine the required pump capacity. A blet
strainer can be located within the washer tank (Fig. 41b
and 41d). A belt strainer is shown in Fig 43.

The rotating drum strainer is installed in a central
storage and collection tank. It is a more efficient cleaning
device than the stationary screen or belt type strainers.
For this reason it is particularly suited for use with a
unitary spray washer system where all water is returned to
a central location and where the tubes of a water cooler
and various control valves must be protected from foreign
particle accumulations. Figure 44 illustrates a rotating
drum strainer.

With this method of cleaning water is filtered
continuously thru a perforated drum. Accumulations of
residue on the drum surface cause the water level to ruse
in order to seek more perforations. The variations in water
level control the periodic drum and to remove the waste
matter to a collecting basket.
Spray Water Heaters

Spray water heaters may be required in winter when
the mixing of outdoor and return air upstream of the
washer cannot be controlled to produce the washer
entering wet-bulb temperature required to maintain room
design conditions with an evaporative cooling process.
This condition may occur on very cold days or where
minimum outdoor air requirements are relatively high,
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particularly with high room relative humidities and/or high
room sensible heat ratios.

After a shutdown, as over a winter weekend, it may
take some time to bring the room humidity up to design
conditions when operating on an evaporative cooling
cycles, even when the outdoor air quantity is reduced to
damper leakage. Therefore, the spray water heater is
used to add moisture to the air at approximately the same
dry-bulb temperature. The heater thus provides a
deviation from an adiabatic saturation process (Fig. 45).

Both steam ejector heaters and closed water heaters
are available for heating spray water in central station
washers. The steam ejector heater is a perforated steel
pipe, closed at one end and submerged in the washer
tank. Low pressure steam is admitted directly to the
washer tank water at a controlled rate. The closed water
heater is located on the discharge side of the
recirculating pump and is installed in parallel with the
main recirculating supply line. It is selected to heat a
minimum quantity of spray water and requires suitable
service and balancing valves. The closed water heater
produces less noise than the steam ejector heater and
enables recovery of steam condensate. However, the
closed water heater is more costly to purchase and
install.

 A spray water  heater may be sized on the basis of
requirements calculated at the particular conditions
encountered. Its capacity may also be calculated by
determining the steam quantity required to heat and
humidity the minimum outdoor air, or outdoor air damper
leakage, from outdoor to room design conditions. The
latter method provides sufficient capacity to maintain
room design conditions during the period following
equipment start-up.

The high velocity unitary washer utilizes a steam grid
humidifier for humidity control under the conditions
described above. Since steam is released directly to the
air, relatively little sensible heating is accomplished.
Weirs

A weir is employed in a central station spray
dehumidifier tank to insure a minimum submergence of
the recirculating pump suction pipe and to maintain a
water seal under the eliminators. During the evaporative
cooling season there is no flow over the weir. During the
dehumidifying season, however, the flow is equal to the
chilled water admitted to the recirculating system plus the
moisture removed from the conditioned air.

Weir tanks may usually be obtained from the washer
manufacturer. If a concrete tank is to be used, the length
of the weir may be calculated from the Francis formula for
sharp-crested rectangular weirs,

Q = 3.33 x L x H 1.5   
The flow Q is expressed in cubic feet per second. The

length L and the head H are in feet. If the weir is to have
end contractions, the length should be reduced by 0.1 x
H for each end contraction, for formula use.

The sharp-crested concrete weir may be obtained by
bolting a steel angle to the flat crest.

A flow rate of 5 gpm per foot of weir length is common
for dehumidifier tanks.
Isolation

A central station washer requires no vibration
isolation. The supply air fan isolation requirements should
be investigated, however, with regard to the ambient
sound levels thruout the building. Unitary washers seldom
require vibration isolation for industrial applications but a
vibration analysis may be necessary for critical
installations. Isolation recommendations may be found
under Fan-Coil Equipment in this chapter.
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INSTALLATION
Location

The economic and sound level considerations
pertaining to the location of air handling apparatus, as
discussed in Part 2, are applicable to washer equipment.

Both central station and unitary spray apparatus may
be located indoors or outdoors, although central station
washers are most commonly located indoors, in an
apparatus room or in the conditioned space. Ii exposed
to the weather, a central station washer should operate
with no water level maintained in the tank, and the fan
motor, drive and bearing  should be suitably chosen and
protected.

Central station equipment is floor-mounted while the
unitary washer may be either floor-mounted or suspended
from above (Fig. 46).

As with fan-coil equipment the availability of outdoor
air and the ease of air return to the apparatus is of
primary concern in selecting a washer location. Outdoor
air intakes should, if possible, be located and oriented so
that they do not face nearby residential areas or walls of
spaces where noise would be objectionable. Air may be
returned thru a duct system but, if it is returned directly to
the apparatus, the apparatus should be located so as to
receive return air from the area it serves.

Another important location consideration is the
availability of space. Particularly in industrial production
areas space may be difficult to acquire. Limited head
room and interferences such as electrical equipment,
conveyors or belt drives may also present problems.

In addition, the location and orientation of the washer
should be guided by the following considerations:
1. A spray  dehumidifiers should be located so that the

gravity return of water to the central tank is possible. If
this condition cannot be met, a pumped return should
be employed.

2.  Adequate building openings and  passages should be
available for the admittance of large equipment. If this
consideration is overlooked, special openings in the
building may later be required.

3. Locating a spray dehumidifier below the refrigeration
equipment or pumping return water to a lower
elevation may lead to problems of siphoning or
overflow at shutdown. If such an arrangement is
necessary, consideration should be given to the
checking of water back-flow tendencies and the
breaking of a siphon.

4. The ability of a roof, floor or combination of   structural
members to withstand the operating weight of a
washer should be investigated.

5. A washer should be located and oriented so that the
simplest possible duct layout results.

    6. Appearance should be considered. For example, a
washer mounted on a flat roof may be less noticeable
if located some distance from the building perimeter.

Layout
Figure 46 illustrates several layout alternatives for a

high velocity unitary washer. A typical central station
washer apparatus room layout resembles that shown for
coil equipment in Part 2.
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Central station washers should be provided with inlet
plenums of adequate airway depth to promote outdoor
and return air mixing and to minimize air eddy currents at
the inlet face of the washer. The plenum chamber on the
leaving air side of the washer should be large enough to
provide unrestricted air flow to the fan at uniform
eliminator velocities. Plenums downstream of the washer
should also permit easy cleaning after removal of the
eliminator blades for both central station and unitary
apparatus.

Sufficient space should be provided around the
washer for maintenance access, particularly on the side
where access doors and piping connections are located.
Minimum clearance should be provided on the far side for
cleaning, painting and for the application of insulation if
required. If suspended well above the floor, unitary
washers may require catwalks.

Access doors should be installed between central
station apparatus components as required for proper
maintenance and service.

A mounting base at least two inches high should he
provided for central station equipment. A base provide a
level and uniform bearing surface for the tank, prevents
damage to the tank or to the insulation under the tank
from water seepage, and increases the tank water level
available for priming the recirculating pump.

If a concrete tank is designed for a central station
washer, it should be of reinforced construction and
provided with pipe sleeves, baffle and eliminator supports
and anchor bolts, as required. In addition the plenum at
the leaving air side of the washer should be provided with
a curb at least four inches high.

The recirculating water pump may be located in the
air stream entering the washer or outside of the washer
casing.

Marine lights should be provide within the washer and
between components of a central station washer.

In addition to the washer piping details shown in Part
3, the following suggestions apply:

1. Floor drains should be provided in the entering and
leaving air plenums, near the recirculating pump,
near the outdoor air intake and as required for the
cleaning of filters or other components. Usually the
drain in the leaving air plenum requires a deep seal
trap.

2. If a pumped return is used for a spray dehumidifier,

a continuously  running 1/2 inch bleed line from the
return pump discharge to the tank prevents
overheating of the water in the pump when the
return control valve is closed.

3. Because the water in a washer tank is relatively
shallow, a well designed vortex breaker on the
pump suction pipe is required.

Insulation
The top and sides of a spray dehumidifier should be

insulated as required to prevent condensation on the
apparatus and to minimize heat transfer. A central station
humidifier should be similarly insulated if the dewpoint for
the return air is higher than the spray water temperature,
such as occurs when supplemental atomizer systems are
employed.

The high velocity unitary washer described previously
should be completely insulated, regardless of the
application.

Vapor harriers must be applied to the high dewpoint
side of the insulation to prevent condensation forming on
the metal surface of the unit.

A thickness of cork insulation may be required
beneath the washer tank. If used, the cork layer should
be coated on both sides with sealing compound and
positioned on the tank pad before the unit is installed.

Washers located outdoors should be insulated, vapor
sealed and weatherproofed. The insulation on the top
surfaces should be slightly crowned so that water will run
off.

Water and steam riser insulation in industrial
applications is sometimes subject to damage from trucks
and material handling equipment. If such is the case, a
sheet metal shield around the insulation is suggested,
from the floor to a height of several feet.
CONTROL

The function of controls is to produce a balance
between the air conditioning load and the apparatus
capacity in order to maintain room design conditions.

Apparatus control may be accomplished in one or a
combination of two ways:

1. Varying the supply air volume at a given air
condition.

2. Varying the air condition with no change in volume.
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The condition of the air may be altered by such
methods as spray water temperature variation, air
reheating, spray water heating, washer bypass, spray
throttling, variation of the outdoor and return air mixture
proportions, and air humidification, as with a steam grid
humidifier or an atomizer system.

A central station air washer operating on a
dehumidifying cycle normally utilizes spray water
temperature variation, air volume reduction and air
reheating. See Fig. 47 for the simplified control diagram.
A dry-bulb thermostat, located on the leaving air side of
the washer and set to maintain the leaving dry-bulb
condition necessary to achieve the required leaving air
dewpoint, controls the chilled water valve supplying the
recirculating water system. The spray water temperature
is thus controlled.

Dewpoint control is practical because the difference
between dewpoint and leaving air dry-bulb temperature is
small as a result of the high contact factor of the
dehumidifier.

Air volume and reheat control is obtained by a
thermostat and humidistat together controlling a reheat
coil bypass volume damper and a reheater steam valve in
sequence. Closing the volume damper reduces the
supply air volume to a predetermined fraction of full load
air delivery, usually from 60% to 85%, depending on

the fan characteristic and the allowable maximum air
pressure drop thru the heating coil. A further reduction in
room load causes the reheater valve to begin opening.

Figure 48a illustrates a typical spray dehumidifying
process at full load. Figure 48b shows the temperature
relations at half load. The entering spray water
temperature has been increased to maintain a relatively
constant apparatus dewpoint.

Chilled water supply to the central station dehumidifier
recirculating system can be controlled by a two-way
throttling valve or a three-way diverting valve. Use of a
two-way valve on a multiple washer system may
necessitate a pressure bypass line anti valve at the
central collection tank in order to minimize line pressure
fluctuations.

Dewpoint control of a central station air washer
operating on an evaporative cooling cycle is achieved by
controlling the outdoor and return air mixture condition
and by operating the spray water heater, if necessary.
Zone control may be identical with that control employed
when on the dehumidifying cycle.

A measure of humidity control may be obtained during
a period of refrigeration shutdown by cycling the
recirculating pump and/or the baffle or eliminator spray
pump, if any.

In a high velocity unitary washer application, room
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conditions are controlled directly by a combination of
spray throttling, air reheating and, if necessary,
humidification. Figure 49 is a control diagram for units
operating with dehumidification control for an all air
system. During the dehumidifying season the outdoor air
dampers are in a minimum position; the reheat valve is
con trolled by the room thermostat alone; the spray
throttling valve is controlled thin the pressure selector,
and the humidifier is controlled by the humidistat,
providing the thermostat is satisfied. When operating on
the evaporative cooling cycle, the outdoor and return air
dampers are controlled by the room thermostat: the
reheat valve is controlled thru the pressure selector; the
spray throttling is controlled by the humidistat, and the
humidifier is controlled as in the dehurnidifying cycle.

Since spray throttling is always utilized with this
system, a pressure bypass line and valve are usually
required at the central water collection tank to minimize
fluctuation in line water pressures.
General Control Considerations

For industrial applications, particularly in the case of
process air conditioning, room controls are often mounted
within a cabinet provided with a small fan. The circulation
of room air thru the cabinet provides a constant and
positive sampling by the control sensing devices.
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If large open spaces are to be conditioned, the area
served by each set of room controls should be limited in
order to maintain an adequate control response.
Maximum areas of 10,000 square feet for a temperature
zone and 8000 square feet for a humidity zone are
suggested.

Control accuracy and response are for also affected by
the air circulation in the conditioned space. A maximum
of ten minutes for a complete change of air is
suggested, and four to eight minutes is preferred.
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CHAPTER 3. UNITARY EQUIPMENT

A unitary air conditioning unit, sometimes referred to
as packaged equipment, consists of one or more factory-
fabricated assemblies designed to provide the functions
of air moving, air cleaning, cooling and dehumidification.
The functions of heating and humidifying are also usually
possible with such equipment. Heat pump versions are
available for most types of apparatus.

Unitary equipment includes a direct expansion or
chilled water cooling coil and a compressor-Condenser
combination or water chiller in addition to fans, auxiliaries
and internal wiring and piping. If more than one assembly
is required, the separate assemblies are designed for use
with each other, and combined equipment ratings are
based on matched assemblies of equal or differing
nominal capacities.

The design of unitary equipment is often styled for
installation within the conditioned space.

It is the purpose of this chapter to guide the engineer
in the practical application and selection of unitary
equipment.
TYPES OF EQUIPMENT

Unitary equipment may be classified as either a self-
contained or a split system. A self-contained unit houses
all components in a single assembly. Split system
equipment incorporates the following assemblies

1. A coil and compressor combined with a remote
condenser.

2. A coil combined with a remote condensing unit.
3. A coil combined with a remote water chiller.

A self-contained unit is illustrated in Fig. 50. The self-
contained concept is further described in Fig. 51. Figure
52 shows an air-cooled condensing unit — one
component of a two-component split system as
described in Item 2 above.

The use of matched components differentiates unitary
equipment from the fan-coil equipment discussed in
Chapter 2 of this part. Unitary equipment thus affords
less flexibility of arrangement and less choice of cooling
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 coil surface. Also, face and bypass control is usually
unavailable in packaged equipment.

Split system apparatus provides in packaged form a
measure of flexibility not usually obtainable with self-
contained equipment.
APPLICATION

The use of unitary equipment should be considered
for applications where the following advantages are of
primary importance:

1. Low first cost of equipment and installation.
2. Immediate air conditioning benefits and prompt

delivery.
3. Ease of installation or removal, if necessary, with a

minimum of disturbance.
4. The ability to provide air conditioning in increments

without cost penalty.
5. Economical operation during periods of nonuniform

loading.
6. High salvage value and longer warrantee periods.
7. Simplified field engineering.
8. Factory assembly of balanced and tested

components.
Packaged equipment is particularly well suited to

applications requiring summer cooling only, and is readily
used in conjunction with existing or separate heating
facilities of sufficient capacity.

Such equipment may effectively augment central
station apparatus by serving relatively small areas with
special design requirements. Typical applications of this
nature are laboratories and dining areas.

Applications completely conditioned with unitary
equipment include existing office buildings and hotels,
motels, shopping center tenant areas, department stores,
industrial facilities and residences.

Equipment components are usually matched to
provide 300 to 500 cfm per ton of air conditioning at
sensible heat ratios of 0.65 to 0.85, in the case of self-
contained equipment. Therefore, packaged equipment is
most economically applied where these values are

specifically required. As mentioned previously some
additional application flexibility may be obtained by
employing split system equipment. Sensible heat ratios
as high as 0.95 are attainable. Such equipment also
affords greater choice of location and mounting method.

Self-contained equipment is commonly available in
capacities up to 60 tons, while up to 75 tons may be
obtained with a split system. The trend has recently been
toward larger packaged equipment .

Water-cooled, air-cooled or evaporative condensing
may be utilized with unitary apparatus.
STANDARDS AND CODES

Applicable provisions of the American Standard
Safety Code B9.1, ARI Standard 210 and Underwriters’
Laboratories Standards govern the testing, rating and
construction of unitary air conditioning equipment.

The application and installation of such equipment
should conform to pertinent government agency
regulations and to all codes and laws prevailing at the job
site.
UNIT SELECTION
SELECTION RATINGS

Unit size is usually determined by the required cooling
capacity and air quantity, adjusted to suit the sensible
heat ratio. Cooling ratings present total and sensible heat
capacities, based on air quantity, evaporator entering air
wet-bulb temperature and, in the case of water-cooled
equipment, condensing temperature. A typical  cooling
rating table is illustrated in Fig. 53. Although tabular
cooling ratings are most common, some manufacturers
present graphical data in place of, or in addition to,
tabular ratings.

Cooling ratings (Fig. 53) may be expanded to apply to
more than one evaporator entering air dry-bulb
temperature. If they are not expanded, deviation
corrections are usually suggested. Cooling rating also
may indicate grand sensible heat factor rather than total
sensible heat capacity.

For air-cooled condensing or evaporative condensing,
selection ratings are normally based upon condenser
entering air dry-bulb temperature or wet-bulb temperature
respectively, instead of condensing temperature.

Self-contained equipment is rated as a system with no
individual component ratings. A split system apparatus is
usually rated both as an individual item of equipment and
in combination with its intended components. For
example, an air-cooled condensing unit may be rated in
terms of cooling capacity available from the package
when the condensing unit is used with a particular
fan-coil unit at different evaporator wet-bulb and outdoor
dry-bulb temperatures.
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ECONOMICS
The cooling ratings described above are based upon

the capacities of components in balance with each other.
It is therefore usually unnecessary to determine
component balance capacities when selecting
packagedequipment. However, if equipment is to be
economically selected for use with unmatched
components, the determination of the component balance
points and the subsequent selection analysis should be
pursued as described in Part 7.

The economical balance of component capacities may
be upset if the grand sensible heat factor required for an
application differs considerably from that characteristic of
the package. For example, with relatively high sensible
heat ratios the desired air quantity per ton of capacity is
also high, relative to that available from standard
packaged equipment. With self-contained equipment,
therefore, it may be necessary to provide oversized
refrigeration components, in order to acquire the air
appropriate air delivery. In this case an economical
balance can be restored by designing for lower relative
humidities, thus permitting a greater air temperature rise
and a smaller air quantity. An alternate solution,
applicable within limits, is to vary the evaporator air
quantity. Split system equipment may be mixed as to
nominal component capacities to produce an economical
balance.

Economy of equipment selection may also be pro-
moted by the following methods:

1. Select equipment to be fully loaded, taking
advantage of room temperature swing, storage
effects and reduced safety factors.

2. Avoid the arrangement of unit by zones where
selections must be made for peak loads.
Diversity benefits may be realized if more than
one exposure is served by a unit.

   3. Consider operation at relatively high condensing
temperatures with possible savings as explained
in Part 7.

4. Introduce the least outdoor air possible at peak
apparatus load.

ATMOSPHERIC CORRECTIONS
Unitary equipment ratings are based on air at

standard atmospheric conditions of 70 F and 29.92 in. Hg
barometric pressure. For applications deviating
significantly from this standard such as at altitudes
exceeding 2500 feet, ratings should be adjusted for the
difference in air density. The several corrections involved
have been described elsewhere and may be summarized
as follows:

1. Load calculations should be modified as described
in Part 1.

2. Air side pressure drop should be adjusted in
proportion to the air density ratio as outlined in Part
2.

3. If the apparatus includes an evaporator, the unit
capacity should be corrected by entering the rating
tables at a supply air quantity equivalent to standard
atmospheric conditions. This procedure is similar to
that described for fan-coil units in Chapter 2 of this
part.

4. Fan speed and brake horsepower should be
adjusted as detailed in Chapter 1 of this part.

The decrease in performance of air-cooled
condensers at high altitudes and/or air temperatures,
although in itself significant, produces only a slight
deviation in the rating of combined components. This
deviation may amount to from one to three percent at an
altitude of 5000 feet.
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COIL FREEZE-UP PROTECTION
 The freezing of hot water coils located downstream of

the cooling coil may occur during the cooling season.
This is particularly possible in packaged fan-coil
equipment because of the proximity of the heating and
cooling coils and because of the relatively low settings
usually employed on the low pressure compressor cutoff
switch to prevent excessive cycling. At lower evaporator
wet-bulb temperatures, equipment components balance
at diminished suction temperatures. Hot water coil freeze-
up may occur under these conditions.

 Although coil freeze-up may be prevented by the
draining of the hot water coil or by the use of a properly
inhibited antifreeze solution as described in Chapter 2 of
this part, the use of a protective thermostat to cycle the
compressor is suggested instead in the interest of
economy. The thermostat should be mounted outside of
the air stream with the bulb at the entering face of the hot
water coil. An air temperature of approximately 35 F is
suggested as a compressor shutoff point.

 Coil freeze-up may sometimes be traced to reduced
air quantities resulting from dirty filters in the apparatus.
INSTALLATION
LOCATION

Unitary air conditioning equipment may usually be
located either outdoors or indoors. Possible specific
locations include basements, crawl spaces, attics,
garages, roofs, and on the ground as well as within the
conditioned space or in an equipment room. Such
equipment may be mounted on the floor, suspended from
the ceiling or installed in a wall opening, transom or
window. Since packaged apparatus is sometimes
designed for a specific location such as on a roof or
under a window, the manufacturer’s literature should be
studied for location recommendations. The suggestions in
Part 2, Part 7, and Chapter 2 of this part regarding
equipment location are applicable to packaged
equipment.

Although weatherproofing kits are available for most
self-contained equipment, an indoor location is preferred.
However, self-contained equipment designed specifically
for outdoor use is available. With any equipment featuring
Outdoor compressors, crankcase heaters should be
employed to prevent the migration of refrigerant to the
compressor and the damage which may result. For
outdoor or indoor locations insulation considerations
apply as noted in Chapter 2 of this part.
LAYOUT

The references noted above should be consulted for
suggestions dealing with equipment layout.

Unitary apparatus is available in both horizontal and
vertical arrangements and it is usually designed for use
with or without duct systems. However, distribution
systems should be simple in design and limited in extent.

Often, unitary equipment may conveniently use the
same air distribution system as an existing heating
system. This is particularly true in residential applications.
In such an installation appropriate shutoff or diverting
dampers may be required if the heating and cooling
functions are in parallel. Existing duct sizes should be
checked for adequacy in handling the dehumidified air
quantity.

  For roof-top installations the roof must be of adequate
strength, and the equipment weight should be evenly
distributed on the support members. If any doubt exists
as to the adequacy of support, a structural engineer
should be consulted. Appropriate framing around roof
openings, flashing, counter flashing and pitch pockets
should be provided.

External vibration isolation of packaged equipment is
seldom required because the individual Components  are
usually  isolated within the cabinet.

However, for critical installations and light building
construction, vibration isolation should be considered for
unitary equipment as for any other type of equipment.
Vibration isolation is discussed in Chapter 2 of this part.
Isolation recommendations may also be solicited from the
manufacturers of vibration equipment.

Layout and location of unitary equipment are
influenced by the availability of service facilities such as
gas, city water and electrical power.
CONTROL

The reduction of packaged equipment capacity at
partial loads is usually effected by cycling the
compressor or compressors in accordance with the
setting of a room dry-bulb thermostat. decreasing
compressor capacity by the unloading of cylinders is
another widely employed method of control.

Unit fans may be created continuously or cycled with
the compressor. Continuous operation of fans provides
continuous air circulation. However, alternately
condensing moisture from the air and reevaporating coil
moisture produces fluctuations in room humidity
conditions. Cycling of fans requires the use of a room
thermostat rather than a return air thermostat.

The desirability of controlling equipment capacity and
the unavailability of face and bypass control may affect
adversely the equipment capacity for latent heat removal.
For example, with a single compressor serving a single
evaporator coil, cylinder Unloading causes an increase in
the grand sensible heat ratio and thus a relative decrease
in the latent heat capacity. This occurs at a time when the
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opposite effect is usually desired.
This effect may be overcome by the use of multiple

compressors with multiple coils or coil circuits operating
on signals from a two-step thermostat. This permits an
improvement in latent heat removal at partial loads. Coils
may be of equal or unequal capacities. in either case,
some additional latent capacity is obtained by the
decrease in air quantity over the operative coil as the
inoperative coil dries. With unequal coils, where the larger
is the first to be removed from operation, additional latent
capacity is also obtained thru the lower sensible heat
ratio of the smaller coil and the prolonged ‘‘on’’ period of
the operating cycle.

Multiple compressors are usually obtainable only on
equipment  of ten tons capacity, or greater.

Loss of latent capacity at partial loads and the
resulting fluctuations in room conditions are intensified by
the oversizing of equipment. Fully loaded equipment
provides the best insurance of maintaining reasonable
humidity conditions at partial loads. Unit air deliveries
may also be varied from nominal to obtain the most
desirable full load sensible heat ratio, and therefore the
best possible latent capacity at partial load.

Under special conditions where accurate control of
temperature and humidity is required, packaged
equipment may be easily adapted for control by reheat or
humidification.

The necessity and means of condensing pressure
control is discussed for various condensing methods in
Part 7.
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CHAPTER 4. ACCESSORY EQUIPMENT

This chapter presents practical information to guide
the engineer in the application and layout of air cleaning
and heating devices, as used in conjunction with air
conditioning systems.
AIR CLEANERS

The control of air purity consists of reducing or
eliminating unwanted particulate or gaseous matter from
the air supplied to a space. This is a function of the air
conditioning system. However, normal applications are
concerned with particulate matter only.

Effectively applied air cleaners can materially reduce
operating expenses and increase productivity. Specific
benefits include:

1. The reduction of building cleaning costs — an item
otherwise accounting for as much as forty percent
of total operating expenses.

2. The reduction of employee absenteeism — a result
of the removal of bacteria, viruses and allergens
from the air.

3. An increase in employee efficiency.
4. An increase in product quality.
5. An increase in the life of machinery or equipment.

CONTAMINANTS
Air is contaminated in varying degrees by soil, organic

matter, spores, viruses, bacteria and allergens, as well as
aerosols such as smokes, dusts, fumes and mists. These
contaminants may be introduced into the air from
outdoors, or they may be returned to the air conditioning
apparatus from within the space. The ease and efficiency
with which they may be removed depends on the size,
shape, specific gravity, concentration and surface
characteristics of the particle.

Contaminant characteristics vary widely. Particle
diameters range from molecular size up to 5000 microns*.
Concentrations as high as 400 grains per 1000 cubic feet
may be encountered. However, air conditioning
applications usually involve the removal of particles no
smaller than 0.1 micron in diameter and as large as 200
microns. Normal concentrations seldom exceed 4 grains
per 1000 cubic feet. The specific characteristics of the
particles to be removed are determined by the

application. Thus, air purity control is a relative concept.
The sizes of common contaminant particles are shown

in Chart 10. Typical outdoor air dust concentrations for
various localities are noted in Table 9. Concentrations
may increase during the heating season, especially in
residential areas.

Particles of an oily nature with irregular surfaces
electrostatically tend to agglomerate more readily. The
settling and adherence of contaminants is, therefore,
affected by other characteristics in addition to size and
concentration.

PERFORMANCE CRITERIA
Atmospheric air cleaners (referred to as air filters) are

rated in terms of efficiency (arrestance), resistance to air
flow, and dust capacity. The three most critical
performance factors are the following:

1. The variation of filter resistance with air flow.
2. The variation of filter resistance with dust load at

design air flow.
3. The effect of dust loads at design air flow on filter

efficiency.
Performance data for a typical unit filter are illustrated

in Fig. 54 Filter resistance increases with air flow (face
velocity) or with dust load at. design air flow. The
efficiency of a particular filter varies not only with dust
load hut also with the characteristics of the contaminating
particles. For this reason, Fig. 5-4 specifies the test
procedure used to rate the filter.

The capacity of a filter is a measure of its usable life
prior to disposal, renewing or cleaning.

(*One inch equals 25,400 microns.)
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STANDARDS AND CODES
Air filter manufacture and installation should conform

to the recommendation in Pamphlet. 90A of the National
Board of Fire Underwriters and to all codes and laws
applying at the job site.

The efficiency and capacity of air filters are
determined by several standardized test methods,
differing primarily in the test aerosol used and the method
of measuring the amount of dust passed by the filter. The
three most common test procedures are these:

1. The weight method, with test aerosols as
specified by the Air Filter Institute Code and a
modification of the former ASHVE Code.

2. The dust spot method, with procedures as
standardized by the Air Filter Institute and the
National Bureau of Standards.

  3.    The D.O.P.* test, a particle count method utilizing
a chemical smoke aerosol.

* Di-Octyl-Phthalate
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             These three methods (lifer in application and the
results are difficult to convert to common terms. In
comparing the performance of various filters it is therefore
imperative that the test used to obtain the published data
l)e noted in each case.

The weight method expresses filter efficiency in terms
of the particle weight removed, relative to the weight
introduced to the air stream. It is particularly useful in
evaluating the performance of mechanical filters of
average efficiency. However, this test overstates filter
effectiveness in removing small particles of light weight.

The dust spot test rates filters in terms of the relative
opacity of stains on filter paper thin which the air is
passed. The optical density of the spots are measured
photometrically. This type of test is useful primarily in
evaluating air cleaning devices of high efficiency, such as
electronic air cleaners. In addition it provides a measure
of filter efficiency in removing the sort of (lust most likely
to cause discoloration of walls and ceilings. Test results
are, however, sometimes inconsistent and are difficult to
interpret.

The D.O.P. test relates filter performance to the light-
scattering tendency of smoke particles approximately 0.3
microns in diameter. Measurements are made photo
electrically. The test is used primarily to determine the
ability of filters of very high efficiency to remove specific
particles, such as pollen. It requires carefully controlled
laboratory conditions and expensive equipment. It cannot
be used to determine filter capacity.
TYPES OF AIR CLEANERS
Viscous Impingement

Filters of the viscous impingement type utilize a
filtering medium relatively coarse in texture and
constructed of fiber, screen, wire mesh, metal stampings
or plates. The medium is coated with a viscous substance
such as oil or grease. As the many small air streams
abruptly change direction thin the filter, contaminating
particles are thrown against the medium where they
adhere. Efficiencies of 65% to 80%, based on the weight
method of testing, are achieved in the case of cleanable
media.

This type of filter is available in a throwaway style or
may be obtained with a replaceable medium, a manually
cleanable medium, or an automatically renewed medium.

 Media designed for filtering velocities of
approxImately 300 feet per minute usually increase in
density  in the direction of the air flow. Thus, the larger
particles are the first removed, prolonging filter life. This
progressive density is illustrated in Fig. 55. High velocity
filters operating at approximately 500 feet per minute are
normally nondirectional and of uniform density. Figure 56
shows a cleanable viscous impingement  panel  filter.

Automatic viscous impingement filters may be of the

replaceable media or renewable media type. The former
consists of a moving filter roll. The latter is constructed of
overlapping filter panels attached to a moving chain and
moving thru an oil bath. The self-cleaning filter is shown in
Fig. 57. In either case the filter curtain may he actuated
by a timing mechanism or a pressure sensing device.
Automatic filters present a relatively constant resistance
to air flow, while panel filter resistance varies
considerably as the dust load increases. Automatic filter
efficiencies vary from 80 % to 90 % , based on the weight
method.
Dry Media

Dry filters consist usually of a permanent frame and a
dry replaceable medium of cellulose, asbestos or glass
fibers, specially treated paper, cotton batting , wool felt or
synthetic material. The air passages thru the medium are
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smaller than those of the viscous impingement type filter,
and therefore lower air velocities are necessary to avoid
excessive resistance . In order to obtain a large surface
area relative to cross – sectional area, the medium is
usually pleated in accordion form.

Figure 58 shows a medium efficiency dry filter with an
area ratio of 7 : 1 Such a filter is capable of a wide

efficiency range varying from 84 % to 95 % based on the
AFI weight test, depending on the medium used.

Figures 59 and 60 illustrate vary high efficiency filters
with area ratios of from 25:1 to 50:1. This type of filter
may be obtained with and efficiency as high as 99.97 % ,
D.O.P. test method. D.O.P. efficiencies above 90 % are
usual.
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Dry filters are available in automatic construction,
normally utilizing a moving roll of disposable medium
( Fig. 61 ). Movement may be controlled by a differential
pressure sensing device. Thus , operating air resistance
is maintained relatively constant.

The efficiency of a dry filter depends on the size and
spacing of the fibers in the medium used. Media with the
smallest, most densely distributed fibers provide the
highest efficiencies. High efficiencies, however, are
usually associated with high resistance, short life and low
dust holding capacity.
Electronic

Electronic air cleaners, often referred to as
precipitators, are of two varieties: the ionizing type and
the charged media type. They are illustrated respectively
in Fig. 62 and 63.

The ionizing type of electronic air cleaner ionizes
contaminating particles by passing the air thru an electric
field of approximately 12,000 volts potential. The particles
are then collected on charged plates which are usually
coated with an adhesive to prevent re-entrainment of the
particles. Efficiencies of 85% to 90%, based on the dust
spot test, are achieved. The collecting stage operates at
approximately 6000 volts. The high voltages are obtained

from rectifiers supplied with 110/120 volt single phase
electrical service. Power consumption varies from 12 to
15 watts per 1000 cubic feet per minute, with an
additional 40 watts required o energize the rectifier tube
heaters.

The charged media electronic air cleaner consists of a
panel filter with an electrostatically charged dry medium.
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It therefore combines the principles of electronic
precipitation and dry mechanical filtration. The produced
efficiency averages about 60% by the dust spot test
method. Approximately 12,000 to 1 3,000 volts are
required to charge the dielectric medium. Power
requirements are about 8 watts per 1000 cubic feet per
minute.

Although the ionizing type of electronic cleaner may
be obtained in replaceable cell construction, the
precipitator shown in Fig. 62 is automatically self-
cleaning. Moving collector plates are cleaned and reoiled
by the same method as employed with the automatic
viscous impingement filter (Fig. 57). Semiautomatic
cleaning is also available, utilizing nozzles for water
cleaning and reoiling.

The resistance to air flow imposed by an ionizing type
electronic cleaner is very small. For this reason the unit
may feature screens or perforated plates at the air
entering and/or leaving side to promote uniform air flow
thru the precipitator.
APPLICATION

The choice of a particular type of air filter for a given
application involves the following steps:

I. A determination of the size, concentration and
characteristics of contaminants present in both
the outdoor air and return air.

2. A decision regarding the size of particles to be
remove and the efficiency required for removal.

3. The selection of the filter which will provide most
economically the desired efficiency under the
prevailing conditions of labor cost, power costs
and annual hours of operation.

Air contamination may be appraised by costly
laboratory analysis or by an estimation based on past
experience and general data. The latter method is
preferable in all except highly specialized applications.

Chart 10 and Table 9 may be used with judgment to
determine air contamination. Additional data of local
interest may be obtained from the city Bureau of Health or
smoke control agency.

The determination of which contaminants are to be
removed, and to what degree, should be based on the
requirements of the processes, equipment, material or
occupants within the conditioned space. For example, a
greater filtering efficiency would be required for an
electronics laboratory than for a bowling alley. However,
for any application certain contaminants should be
removed. These contaminants include abrasive (lusts,
lint, pollen, concentrations of toxic fumes, ii present, and
carbon, if in appreciable quantities.

Chart 10 also indicates the approximate normal
ranges of application of the various filter types based

upon particle size only.
Viscous impingement filters efficiently remove

contaminating particles larger than 10 microns in
diameter, particularly if the particles are oily. The coarse
media use (1 are well suited to large particle sizes anti
concentrations. The capacity and life of such filters are
great and therefore maintenance is relatively inexpensive.
High velocity unit filters (500 feet per minute) are not
suitable to heavy lint applications since the media density
is not progressive.

Dry media filters are more efficient than viscous
impingement filters in removing particles in the submicron
range. However, capacities are smaller with the finer
media used. Filters of average to medium efficiency are
useful in the collection of lint. High efficiency filters are
intended primarily for removing 1)articles of small size and
concentration. Dry filter life is relatively short, anti
therefore, maintenance costs are usually higher than for
impingement filters.

Automatic dry filters of the roll medium type are
seldom used to remove atmospheric dust. They are well
suited to the removal of lint as found in textile mills or dry
cleaning establishments, and may be used for the
removal of ink mist in the printing industry.

High efficiency dry filters (Fig. 59 and 60 ) are
especially effective in the removal of viruses and bacteria,
anti are therefore useful in hospital air conditioning. They
may also be considered for protection from nuclear fallout
and agents of chemical and biological warfare.

Electronic air cleaner efficiencies compete with the
more efficient dry filters in the submicron particle size
range. Only the self-cleaning ionizing type is suited to
high contaminant concentrations since collector plates
rapidly become less efficient as their dust load increases.
Where high particle concentrations are encountered, the
use of a viscous impingement prefilter should be
investigated.

Ionizing type precipitators are useful on high pressure
or high velocity applications for the removal of relatively
fine dirt which otherwise tends to accumulate around
discharge nozzles. Because of the relatively small
maintenance requirements of this type of filter, it may be
applied to large air tie-liveries and installations where
equipment is relatively inaccessible or where service is
infrequent or incomplete.

The characteristics of charged media air cleaners are
similar to those of medium efficiency dry filters. charged
media filters are less efficient than ionizing precipitators
but electrical failure of the associated equipment does
not completely destroy their usefulness. Operation at
relative humidities exceeding 70% may adversely affect
the dielectric properties of the medium. Individual
resistors may be provided for each filter circuit to limit the
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current flow thru the medium, should the medium become
damp.

Regardless of the type of filter selected, the automatic
self-cleaning feature renders servicing less dependent on
the human element and provides a relatively  uniform air
resistance and air flow.

Outdoor air anti return air may he separately cleaned
with different filter types if the characteristics of the
contaminants to be removed are widely different.

Table 10 indicates the relative initial anti total annual
costs of different types of air cleaning installations.
SELECTION

Filter size is usually determined by the rated air
quantity per unit or panel as published by the
manufacturer. These rated air deliveries are established
with regard to practical air velocities as dictated by the
characteristics of the medium employed. An overload of
as much as 10% to 15% may be permissible, depending
on the medium anti on the filter construction.

Table 11 is a tabulation of typical velocities and air
resistances for various filter types. The air resistances are
base(l on clean filters. Pressure drops reflecting a
partially expended medium should be used for fan static
pressure calculations, as recommended by filter
manufacturers.

The sizes of filter units or panels are normally
standardized anti limited in number. Installations are then
built up from the basic units. Manually serviced viscous
impingement filters are usually available in sizes 20 in. x
25 in., 20 in. x 20 in., 16 in. x 25 in. and 16 in. x 20 in.
Standard thicknesses are 1 in., 2 in. and 4 in. Odd sizes
are available only at considerably higher cost unless
relatively large quantities are required.

Dry media filters are often available in only one size
from each manufacturer, but some may offer a size
selection. Charged media electronic filters are also of
limited size selection.

Ionizing type electronic cleaners and self-cleaning
filters are normally available in height increments of
several inches but in standard widths limited to two or
three sizes or combination thereof.

Some flexibility of selection may he exercised in the
use of manually serviced mechanical filters by utilizing a
‘‘V’ bank to obtain a greater ratio of filter area to cross-
sectional area. This method is illustrated in Fig. 64.

Desirable characteristics for viscous impingement
filter adhesive included homogeneity of film, a viscosity
relatively constant with temperature change, a resistance
to the development of mold spores and bacteria, a high
ability to wet and retain dust at all temperatures, minimal
evaporation, fire resistance, and freedom from odor.

INSTALLATION
Location

In an air conditioning system, air filters are usually
located upstream of the fan, between the cooling coil and
preheat coil, if any. This location simplifies duct and
casing design for a built-up system, avoids the net static
pressure loss associated with and acute transformation
downstream of the fan, and produces a more uniform air
distribution thru the filters. in addition, a measure of
comfort is provided in the winter for the service attendant,
and coils are protected from dust deposits and algae
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formation. Such a location minimizes the possibility of
introducing rain or snow, a factor of great importance in
the application of electronic air cleaners. In the case of
viscous impingement filters, adhesive temperature
variations are minimized.

If high efficiency air cleaners are used, the preferred
location is downstream of the fan. Any air leakage thin the
duct will be outward, and air cleanliness will thus be
maintained. With any high efficiency filtering device,
mechanical or electronic, located upstream of the fan, the
duct or casing between the filter and the fan should be
carefully caulked and the connections felted against
leakage.

If no preheat coil is used, an electronic cleaning
device should be located no closer to the outdoor air
intake than the height dimension of the device.
Layout

The unsatisfactory performance of air cleaning
devices can often be traced to improper installation
practices or the lack of regular maintenance. Therefore,
filter installations should be planned  to meet engineering
requirement and  to facilitate service.

An inspection and service area of sufficient depth
should be provided before and after the filter bank. A
minimum access of two feet for viscous impingement
filters and three feet for high efficiency dry filters is
suggested. Electronic air cleaners may require five feet
on the entering air side to permit the full opening of
swinging doors or ionizer panels. The manufacturer’s
data should be consulted for more detailed information.

Access doors should be installed in the apparatus,
upstream and downstream of the filter bank. In addition,
ladders or catwalks are required for access to filter tiers
at heights above six feet. Electric lights of the marine type
facilitate service, and are suggested on both sides of the
filter bank.

Viscous impingement and dry media unit filters are
usually removed from the entering air side of a bank.
However, they may be available for servicing from the
leaving air side if such is specifically requested. The air
how arrow should be observed in installing or replacing
progressive density filters such as the viscous

impingement type.
Duct and apparatus casing, both at the entering and

leaving air sides of the filter bank, should be (designed
and installed to insure even air distribution over the face
of the filters. This is especially important in the case of
electronic ionizing air cleaners or other low air resistance
filters. For this reason perforated plates, grilles or screens
are often installed upstream or downstream of electronic
ionizing air cleaners. Manufacturers may included such
baffling devices with the precipitator units.

Prefilters may be considered upstream of high
efficiency dry media and electronic air cleaners if high
dust or lint concentrations are present. These prefilters
also serve to distribute the air uniformly.

Proper provision should be made for the collection
and drainage of water if the filters are to be cleaned in
place by hoses or nozzles.

Outside air intakes should be located at a height and
position such that the introduction of heavy
concentrations of surface or roof dirt, automobile fumes
anti refuse is minimized. In take screens should be no
coarser than 16 mesh. Louvers should be well
constructed, particularly if the filter bank is near the
intake.

A “V” or staggered filter bank may be employed to
increase the ratio of filter surface area to cross-sectional
area. In factory-built air conditioning units with filter boxes
designed for low velocity filters, it may be necessary to
blank off uniformly a  portion of the cross-sectional area if
high velocity filters are to be used. In this case, the use of
a factory-built high velocity filter box is more appropriate.

Operation of electronic filters should be dependent
upon electrical interlocks with apparatus access doors in
the interests of operator safety. These interlocks interrupt
operation as long as an access door remains open.

If sprinkler protection is required, piping must be
provided from the building sprinkler system or the city
water system. Many air cleaners feature built-in sprinkler
provisions requiring only connection.

Mechanical air filter installations should include a draft
gage or other differential pressure indicator to signal the
need for cleaning or replacing filters or to warn of the
failure of automatic filters.
MAINTENANCE

It is difficult to predict, on the basis of filter air
resistance, when a manually serviced filter will require
cleaning or replacement. Two indicators used to
determine the need for servicing are a 10% decrease in
air flow or an increase in resistance of two to three times
the initial resistance. The intervals between cleanings
vary with the application, type of filter and stage of job
installation.
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The rotation method of cleaning is often used,
particularly on extensive installations. Under this method,
only certain filter units are cleaned each week. Such a
practice insures a more constant work load and a more
uniform air resistance at any time.

The size of the installation dictates the most economic
manual cleaning means. Filters may be cleaned in place
with hoses or fixed nozzles on large
jobs, while smaller installations may favor the use of a
filter cleaning tank together with an appropriate number
of spare filters.

Self-cleaning filters and precipitators should be
observed for the expiration of disposable media or the
accumulation of sludge in the collecting pan. Many
manufactures provide signals for their equipment to
indicate the need for service.

Manufacturers’ recommendations regarding the
method and interval of cleaning or replacing filters should
be followed.
HEATING DEVICES

The heating devices commonly employed directly with
air conditioning systems are designed to heat air under
forced convection. They are usually located within the air
conditioning apparatus and / or ductwork.

The media used for heating include steam, hot water,
electricity and gas flame. In addition, for special
applications, glycols and hot refrigerant gas may be
used.
STANDARDS AND CODES

Methods of testing and rating forced circulation air
heating coils utilizing steam or hot water are prescribed in
ASHRAE Standard 33.

Various aspects of the construction and installation of
electric heaters are dictated by Underwriters’
Laboratories requirements. Installation of such equipment
is also governed by the National Electric Code.

The installation and piping of gas-fired duct furnaces
is prescribed by the American Standards Association
Bulletin 21.30. Installation is also influenced by
requirements of the National Board of Fire Underwriters.
The manufacture of gas-fired apparatus is directed by
standards of the American Gas Association.

The application and installation of all types of heating
devices should also conform to local codes and
regulations.
TYPES OF EQUIPMENT

Steam Coils
Steam heating coils consist of a series of tubes

connected to common headers anti mounted within a
metal casing. To insure efficient heat transfer, either plate
type or spiral fins are bonded to the tubes mechanically
or with solder. Tubing is usually constructed of copper, in
standard tubing sizes up to and including one inch OD.
Fins are often of aluminum with spacings ranging from
three to fourteen to the inch. One-row and two-row coils
are available with tubes spaced from one to three inches
on centers. Figure 65 illustrates a steam heating coil. The
offset tubes provide for changes in length due to
temperature variations.

Since the proper performance of steam coils depend
on the uniform distribution and condensation of steam in
the tube, several methods have been devised to insure
this uniformity. Individual orifices may be built into the
supply end of each tube, or distributing plates may be
installed within the steam header.

Uniform steam distribution and leaving air temperature
are also provide with the steam distributing tube type of
coil. This design features a tube within a tube, with the
inner tube perforated along its length. Steam is supplied
to the inner tube and admitted thin the orifices to the outer
or condensing tube. Condensate is collected in the return
header. A steam distributing tube coil is shown in Fig. 66,
and the principle is described in Fig. 67. In Fig. 66 note
that the tubes are pitched within the casing to promote
the rapid return of condensate.

Steam heating coils are available in various tube
lengths ranging from one foot to ten feet. Casing widths
up to four feet may be obtained for a single coil.A
Hot Water Coils

Hot water heating coils are similar in construction, size
and appearance to single tube steam coils. Although
comfort heating systems seldom require hot water coils of
more than two rows, greater depth of surface is available.
Fins are usually spaced from a minimum of seven to a
maximum of fourteen to the inch. A hot water beating coil
is shown in Fig. 68.

In order to provide optimum combinations of capacity
and water side pressure drop, various circuiting
arrangements are employed. On multiple-circuit coils,
tabulators are sometimes installed within the tubes to
produce the turbulent flow necessary for efficient heat
transfer.
Electric Heaters

Electric heating devices are commonly available in
either the open type or finned tubular type. These are
illustrated in Fig. 69 and 70. The open type consists of a
series of electrical resistance coils framed in a metal
casing and exposed directly to the air stream. The finned
tubular type of heater is made of finned steel sheaths
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containing resistance wire surrounded by refractory
material.

In order to achieve incremental control of heater
output, multiple electrical circuits may be obtained.
Although normal applications seldom require more than
three circuits, as many as required are possible.

Standard voltages include 115 volt, single phase, and

208 and 230 volts in single or three phase. Heaters are
also available for operation on 440 and 550 volt service.
Direct or alternating current control voltages may he
specified.
Duct Furnaces

Gas-fired furnaces are built for installation in air ducts
and in some packaged air conditioning units. Figure 71
shows a duct furnace, and Figure 51 illustrates the use of
a gas-fired furnace in a packaged unit. Such equipment
consists of a burner assembly, a heat exchanger, a
plenum and controls. Natural, manufactured or liquified
petroleum gas may be used.
APPLICATION

Heating devices are used as preheaters and
reheaters. A preheater is located upstream of the
dehumidifier in an air conditioning apparatus, and is used
either to raise the temperature of the entering air to a
temperature above freezing or to supply the heat

necessary for control of the temperature of the air leaving
the dehumidifier. Both functions are often performed by a
single heater. A reheater located downstream of the
dehumidifier is used to control the temperature of the
conditioned space when it is subjected to varying cooling
loads. Figure 36 indicates the approximate reheat
requirement dictated by a particular design relative
humidity and sensible heat ratio. A reheater may also be
used as a booster heater, compensating for wide

differences in cooling load characteristics between a
particular zone and the rest of the space conditioned by
an apparatus. If both functions are required, a central
reheater mar be used to raise the supply air temperature
to approximately room temperature or slightly higher.
Booster heaters may then be installed in the branch ducts
to the various spaces in order to provide control of room
temperature.

Steam and hot water heating coils are most commonly
employed for the applications cited. Steam coils are
normally available for steam pressures up to 200 psig
although special coils may be obtained for higher
pressures. Hot water heating coils are used on low,
mediun and high temperature hot water systems.
However, applications involving water temperatures
exceeding 300 F should be brought to the attention of the
manufacturer.
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Steam coils of the distributing tube type are preferred
over single tube steam coils an(l hot water (Oils for
service where freezing air temperatures are encountered
or where uniform heater leaving air temperatures are
mandatory. Single tube steam coils and hot water heaters
may, however, be used for preheat service if controlled
as described under Coil Freeze-up Protection. A
minimum entering water temperature of 150 F is
suggested for hot water preheat service.

Plate fin steam and hot water coils are preferred to
spiral for applications involving heavy concentrations of
lint since they are more easily cleaned. If spiral fin coils
are used for such applications, the widest appropriate
tube spacing should be chosen.

Where corrosive substances are present in the air,
steam or hot water, special coil materials are available.
Most steam side corrosion problems may be avoided by

the proper trapping and venting of noncondensables.
The advantages of electric heating are low initial

equipment and installation cost, a saving of floor space,
compactness, simplicity of operation and control, a fast
control response and cleanliness. Electrical facilities used
in the summer for refrigeration equipment may be used in
the winter for the heating system. At the same time
electric heating has often proven costly to operate. For
this reason it has been employed largely in mild climates
or where electrical costs are particularly low.

Since the use of electric heaters eliminates the need
for a central heating plant and piping system, electric
heating can be used to tenant areas of shopping centers,
department stores, schools, industrial facilities, banks,
motels, railroad cars and markets. Electric heaters may
be used for churches because of the short duration of
usage, the low initial cost and the quick response.
Electric heating may also be used in areas such as board
rooms or executive offices where occupancy at night or
on weekends may be common. It has been used
successfully in conjunction with self-contained air
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conditioning units anti as a source of auxiliary heat for
heat pump systems.

The open type of electric heater operates at a
temperature lower than that of the finned tubular heater,
and therefore exhibits a longer life. It is lighter in weight,
more rapid in response, offers less air resistance aid
tends to cycle less. The finned tubular heater is
particularity suited to applications where the heater may
be subject to mechanical injury or where an explosion
hazard exists. Stainless steel fins and sheaths are
available for high humidities or corrosive a atmospheres.

Gas-fired duct furnaces may be used for preheat and
reheat service. The advantages of such equipment are
similar to those of electric heaters. Hence, duct furnaces
may be used for similar applications in areas of relatively
high power cost. As with electric heating the problem of
coil freeze-up is not encountered. Gas-fired equipment
should never be operated in corrosive atmospheres or in
rooms where equipment should also be sufficiently
removed from acid baths or degreasing tanks.
SELECTION

The selection of a heating device involves a
consideration of the heating capacity required, the
heating medium available or required anti its
characteristics, the allowable resistance to the flow of air
an(I/or heating fluid, the entering air temperature, the air
quantity to be heated and the air velocity thru the device,
dimensional limitations, installation requirements such as
the type of control, special design requirements, and
economy.
Steam and Hot Water Coils

The capacity of a steam or hot water coil of a given
type may be increased not only by increasing the coil
surface but also by increasing the coil face velocity thru
reducing the face area. Since higher coil face velocities
result in higher air side pressure drops, the selection of a
coil surface may be more limited than at lower face
velocities. Therefore, the size and capacity of a heating
coil are interdependent, and each must be determined in
relation to the other.

Minimum coil face area is usually determined by the
design air quantity and a maximum allowable face
velocity. The dimensions of the coil may then be chosen
from among those dimensions available with the required
face area. For a given face area, coils of greater tube
length and smaller tube face are usually the least
expensive. However, space requirements may limit both
size and dimensions of a coil.

Coils are rated at face velocities of 300 to 1500 feet
per minute. The maximum face velocity should be
determined by the allowable air side pressure drop and

the ambient sound level of the space served by the coil.
Air pressure drops of 0.10 to 0.30 in. wg are suggested
for preheat applications, while reheat coil friction may
range from 0.15 to 0.35 in. wg.

Since heating coils do not condense moisture, and
since no entrainment of moisture is possible, the face
velocity of a heating coil mounted within a factory-built air
conditioning unit should not be limited to the cooling coil
face velocity.

The calculated heating load required of a coil is
usually the primary determinant of the surface selected.
Various combinations of fin spacing, tube spacing and
coil depth result in a wide variety of available surfaces.
The heat transfer capacity of a given surface varies
directly with face velocity, steam pressure, entering water
temperature or water tube velocity. ft varies inversely with
entering air temperature.

Reheat coils are usually oversized. A 15% to 25%
safety factor added to the calculated heating load
provides for a rapid morning pick-up and compensates
for duct heat losses. Steam preheat coils chosen to
operate at subfreezing air temperatures with throttling
control of steam should be undersized rather than
oversized, if the required load cannot be met exactly. This
practice reduces valve throttling at air temperatures of 25
F to 32 F, the range where excessive throttling most
usually results in the freezing of condensate in the tubes.

When using duct reheat coils for large air quantities, it
may be more economical to select a smaller coil to
handle only a portion of the air, with the remainder being
handled thru a fixed bypass around the coil. The air thin
the coil is then heated to a higher temperature so that the
mixture air is at the proper temperature. This may require
a coil with more heating surface per square foot of face
area, but in a smaller casing size. Assuming a coil face
velocity, fin spacing and rows of coil, the coil air quantity
is determined by dividing the required over-all
temperature rise by the coil temperature rise, and
multiplying by the total air quantity. The required coil face
area can be found from the coil air quantity and the
assumed coil velocity. The coil size is then selected to
match closely the calculated face area. The coil bypass is
sized as described in Part 2, and the dimensions are
chosen to coincide with the coil casing length.

Figure 72 illustrates a steam coil selection table. Coil
capacity may be expressed in terms of steam quantity
condensed, heat transferred or final air temperatures
alone. Hot water coil ratings may be similarly tabulated,
except that, at each entering air temperature, capacities
are listed for each surface at various entering water
temperatures. Another method of presenting hot water
heating coil ratings is illustrated in Fig. 73.

Heating coil performance ratings assume a rapid
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elimination of air and other noncondensables and a
uniform distribution of air thru the coil surface.

When steam coils are selected at face velocities
exceeding those considered standard by the
manufacturer, the amount of condensate per tube should
be checked against the maximum recommended by the
manufacturer. If the maximum allowable condensate per
tube is exceeded, excessive steam pressure drops, water
hammer and poor venting may result.
Electric Heaters

In addition to size and capacity an electric heater
selection should specify electrical characteristics and the
number of circuits required.

Electric heaters are usually chosen to fit a branch duct
of given dimensions without requiring entering and
leaving transformations. Therefore, face velocity is not the
usual determinant of coil size, although for Underwriters’
Laboratories approval a minimum face velocity must be
maintained and uniform airflow provided. This minimum
velocity is a function of entering air temperature and the
total watts per square foot of duct area. Velocities may
range up to 1800 feet per minute. Air side pressure drops
are small compared to steam and water coil pressure
drops, seldom exceeding 0.10 in. wg for an open type
coil.

All of the electrical energy used in an electric heater is
converted to heat. Thus, heater capacities in Btuh are
determined by multiplying the kilowatt rating of the heater
by 3412.

The number of circuits chosen depends on the
degree and period of heating load fluctuations. The
amount of control hunting permitted should be weighed
against the economics of purchasing and installing the
multiple circuit heater.
Duct Furnaces

Gas-fired duct furnaces are chosen according to the
output satisfying the heating load. The required air
temperature rise thru the furnace determines the air
quantity to be handled by the device and the resulting air
friction. If a greater branch duct air quantity is required, a
fixed bypass may be provided as described under Steam
and Hot Water Coils.

Atmospheric Corrections
Heating coil ratings are based on the standard at-

mospheric conditions of 29.92 in. Hg barometric pressure
and 70 F. For significantly different air conditions such as
at altitudes exceeding 2000 feet or at average air
temperatures above 125 F, a correction should be
applied to the required air temperature rise and the air
quantity upon which the selection is based.

In determining the coil air temperature rise required or
the heating load imposed by the admittance of air at
temperatures below the design temperatures, such as
thru ventilation or infiltration, the factor 1.08 should be
adjusted in proportion to the ratio of air densities as found
from Chart 2.

The design air quantity should be multiplied by the
density ratio in order to determine the equivalent air flow
at sea level. The adjusted air quantity and heating load
(or air temperature rise) are then used to select a coil
surface.

The coil size and face velocity are determined by the
design air flow with no correction applied. However, the
coil air side pressure drop should be corrected as
described in Part 2.

Since the capacity of an electric heater does not
depend on air quantity, no correction to the ratings is
required. However, the heating load and air friction
should be corrected as necessary.

Gas-fired duct furnaces employed at elevations
exceeding 2000 feet should be derated in output by 4%
for each 1000 feet above sea level.
COIL FREEZE-UP PROTECTION

The exposure of hot water or steam preheat and
reheat coils to subfreezing temperatures, either by
accident or intent, makes possible the freezing of water
accumulated within the tubes and thus costly damage.
The prevention of such occurrences requires
consideration of the problem in the apparatus design and
layout, in the selection of equipment, and in the choice of
control methods.

The primary requirement for positive freeze protection
is the assurance of uniform coil leaving air temperatures.
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Air temperature stratification may be caused by
incomplete mixing of outdoor and return air or by an
uneven temperature rise thru the coil.

Where the mixing of outdoor and return air takes place
upstream of a heating coil, mixing should be promoted by
introducing the denser cold air at the top of the plenum
and by providing as much airway length as possible. If a
steam coil is employed, the steam should be supplied
from the naturally colder side of the plenum.

If the mixing of outdoor and return air is to occur
downstream of a preheat coil, it is suggested that only the
minimum outdoor air be heated and that the maximum
outdoor air dampers be maintained closed at subfreezing
temperatures. If efficient downstream mixing has been

provided, the preheat coil may be used instead to heat
the return air to a temperature predetermined to yield the
desired mixture air temperature.

Where a steam preheat coil served by a modulating
valve tempers outdoor air, freezing of condensate in the
tubes occurs most often at entering air temperatures in
the range of 25 F to 32 F. Within this range the coil is
usually operating under a severe partial load. The
relatively small amount of steam admitted to the coil
condenses completely before the end of the tube is
reached, resulting in stratification. For this reason, if
modulating control of steam is required at subfreezing
entering air temperatures, the use of the steam
distributing tube type of coil is suggested.

Single tube steam and hot water coils may be used for
the tempering of subfreezing air, but the heating medium
should not be modulated at entering air temperatures
below 35 F. However, in cold climates such a design may
produce overheating. To provide a degree of control
while avoiding stratification, two preheat coils in series,
each furnishing a part of the required capacity and
controlled in sequence, may be employed. An alternative
method consists of the use of face and bypass dampers
controlled by a plenum thermostat. The bulb of such an
instrument should be located well downstream of the
heating coil if space permits. Otherwise, an averaging
type bulb should be used.

These same methods of obtaining control without
stratification should be considered where steam
distributing type coils of large capacity are used for
preheat service. However, rather than employing two
coils in series, it may prove economically preferable to
utilize one coil with two control valves piped in parallel.
The first valve to open may be sized to pass the minimum
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steam quantity necessary for even distribution of steam
thru the tubes at a signal from a two-position outdoor air
thermostat.

As mentioned previously, a minimum entering water
temperature of 150 F is suggested for tempering
subfreezing air with hot water. Uniform leaving air
temperatures should be insured as described above. In
addition, a safety control closing the outdoor air damper
at entering water temperatures below 150 F is suggested.

Another method of freeze protection is the circulation
of an inhibited glycol solution thru a water coil. A two-row
coil with a single circuit is the best protection against
stratification. The system should be designed to supply
the glycol solution to the coil at a temperature of about
150 F at peak conditions with a high temperature drop of
about 50 degrees. The steam valve to the glycol heat
exchanger is controlled by the air temperature leaving the
coil.

Another requirement for adequate freeze-up
protection of steam coils is the positive and complete
drainage of condensate from the tubes. Any type of
steam coil may be damaged if condensate is allowed to
accumulate and freeze thru poor design of the system or
coil. For this reason an ideal position for a steam preheat
coil is with the tubes vertical anti with the condensate
header at the bottom. For either horizontal or vertical air
flow, steam preheat coils installed with tubes horizontal
should be pitched downward toward the condensate
header to facilitate drainage. Many steam distributing
tube coils feature tubes internally pitched for either
horizontal or vertical air flow. In this case installation is
simplified, and the only precaution necessary is to make
sure that the condensate header is lower than the steam
header if air flow is vertical.

Positive condensate drainage is also insured by the
proper design of the condensate return system.
Adequately sized steam traps and vacuum breakers are
among the most important design considerations. Refer
to the discussion in this chapter under Layout and to Part
3

Larger heater tube diameters provide more positive
condensate drainage and more uniform leaving air
temperatures.

The outdoor air dampers of an apparatus should be
closed whenever the fan is not running. In this way the
induction of cold air by stack effect thru an inoperative
coil is minimized.

Steam preheat coil control valves, if used, should be
of the “normally open” type. Such valves should be sized
to provide the maximum required capacity at a large
pressure drop. Since valve capacity varies as the square
root of the pressure drop, the valve tends to be
undersized if steam pressure falls, and freezing is less

likely to occur within the coil.
Although occurring less frequently, the freezing of

reheat coils may be a problem, particularly if preheaters
are not employed. If such is the case, the same
provisions as described for preheat coils should be
considered if complete mixing of outdoor and return air
cannot first be guaranteed. Where face and bypass
control of a dehumidifier is employed, the preheat coil
should be located so that the air bypassed to the reheat
coil is tempered as well as the dehumidified air.
INSTALLATION
Location

In an air conditioning apparatus the preheater is
usually located between the outdoor air intake and the
filters. Reheaters are mounted downstream of the
dehumidifier coil, either within the apparatus or in the
ducts. The latter location is often chosen where more than
one control zone is served by a single air conditioning
unit.

Duct-mounted heating devices may be located
outdoors as well as indoors. Heater and duct should be
externally insulated and weatherproofed. As much of the
steam condensate return system as possible should lie
within the heated space. Terminal boxes for electric
heaters should be weatherproof.
Layout

Hot water coils and single-pass steam coils of both
the single tube and steam distributing types may be
installed with tubes horizontal or vertical and used for
vertical or horizontal air flow. Multi-pass steam coils
designed for use also with hot water are limited to
horizontal tube applications. Regardless of the
orientation, steam coils should be mounted so that the
condensate connection is below the steam connection.

Steam and water coils may be assembled in banks.
Coils so mounted should be supported individually in
angle iron frames, thus protecting the lower coils from
damage and facilitating coil removal.

Sufficient access space should be provided around a
heater to permit maintenance and removal. Connections
to ductwork should be so constructed to allow coil
removal without disturbing the duct. Duct access doors
on either side of the coil permit cleaning of the equipment
in place. Refer to Part 2 for a description of the design of
ductwork surrounding a heater.

A fixed heater bypass may be located around or
below the heating surface. A single-acting bypass
damper with blades inclined toward the leaving air side of
the heater promotes the mixing of heated and bypassed
air.

The design of hot water and steam coil piping is
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described in Part 3. Hot water coils should be piped so
that the water enters at the bottom connection, and coil
vents should be provided as required. In a steam coil
installation where the condensate return main is higher
than the coil steam trap, a condensate pump, lift trap or
boiler return trap should be used to move the condensate
to the main. A minimum of 18 inches should be
maintained between a steam coil condensate outlet and
the floor to provide space for traps and piping.

In the design of heater installations considerations
should be given to the prevention of air temperature
stratification. Uneven air temperature rises thru a heating
coil may result not only in coil freeze-up problems but
also in the supplying of air of non-uniform temperature to
branch ducts splitting off downstream of the heating
surface. Stratification may be minimized by the proper
design of duct splits, by the use of two coils mounted in
parallel and supplied from opposite sides of the
apparatus and, if necessary, by the use of individual duct
heaters. A horizontal supply air split is suggested with
single fan air handling units, while a vertical split is more
appropriate for multi-fan units. Other measures to reduce
stratification such as the use of steam distributing tube
coils are outlined in the section dealing with coil freeze-up
protection.

The location and layout of electric heaters and gas-
fired duct furnaces relative to surrounding combustible
surfaces is limited by applicable standards and codes.

When locating gas fired heaters, avoid locations
which have a positive exhaust unless provision is made to
make up air to provide for the exhaust as well as the
combustion air.

When locating electric heaters in equipment in front of
fan motors, overheating of the motors may result because
of the high temperatures that can be obtained.

Duct furnaces may be grouped in series or parallel.
Outdoor air of approximately 14 cubic feet of air per
cubic foot of gas should be provided. Flue design should
be in accordance with American Gas Association
standards.
CONTROL

The capacity of a heating coil may be varied in
accordance with the load by control of the flow of the
heating medium, by air volume control, or by air bypass
control. The control of steam or hot water flow is most
commonly employed. A multi-zone air conditioning
apparatus may utilize air bypass control. If steam is used
in this case, “on-off” control of the coil is preferred to
minimize stratification.
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Where a reheat coil has been selected with excess
capacity as suggested above, the use of two control
valves mounted in parallel and furnishing respectively
one-third and two-thirds of the steam required may
improve the accuracy of control at relatively low heating
loads.

Figure 74 illustrates the wiring and control of electric
heaters. The controlling instrument shown is a pneumatic-
electric switch actuated by a pneumatic zone thermostat.
Electric thermostats may also be utilized. The supply duct
sail switch insures that the heaters operate only when the

fan is running. On a single-heater fan system, a thermal
switch may also be used for this purpose. Where multiple
circuit heaters are employed, individual pneumatic-
electric switches and contactors are used for each circuit.
A step thermostat may be used in place of the pressure
switches.

Gas-fired duct furnaces require safety controls such
as gas valve low voltage control, a normally closed gas
valve, a high bonnet temperature cutout, a pilot safety
control, and a gas pressure regulator for other than LP
gas.
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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART SEVEN

 This part of the System Design Manual presents
practical data and examples for selection and application of
refrigeration equipment for narmal air conditioning systems.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.
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absorption-centrifugal combination          4

INDEX

heat rejection equipment                    5
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CHAPTER 1. RECIPROCATING REFRIGERATION MACHINE

This chapter presents data to guide the engineer in
the practical application of reciprocating refrigeration
machines when used in conjunction with air conditioning
systems.

The main component of these machines is the
reciprocating compressor which is a positive
displacement device employing the vapor compression
cycle, and which is applied with refrigerants having low
specific volumes and relatively high-pressure
characteristics.

A reciprocating refrigeration machine may be
classified as one of the following:

1. A compressor unit consisting of a compressor,
motor, and safety cantors mounted as a unit.

2. A condensing unit consisting of a compressor
unit plus an interconnected water-cooled or air-
cooled condenser mounted as a unit.

3. A water-chilling unit consisting of either a
compressor unit or a condensing unit, plus an
interconnected water cooler and operating
controls minted as a unit.

Figures 1, 2 and 3 show a compressor unit,
condensing unit, and water-chilling unit respectively.

TYPES OF COMPRESSORS
Compressors may be classified as either open or

hermetic.
OPEN COMPRESSOR

An open compressor requires an external drive (Fig.
1) and may be direct driven thru a coupling or belt driven
to operate at a specific speed, depending on load
requirements. The type of the drive (electric motor,
internal combustion engine or steam turbine) may be
selected to provide sufficient horsepower to match the
job requirement.  This compressor may use any type of
electric motor.
HERMETIC COMPRESSOR

A hermetic compressor has an electric motor and a
compressor built into an integral housing (Fig. 4) The
motor and compressor utilize a common shaft and
bearings.  The motor is generally cooled by suction gas
passing thru the windings but may, in some cases, be
water-cooled.  These compressors eliminate problems of
motor mounting, coupling alignment, motor lubrication,
and refrigerant leakage at the shaft seal.
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The compressor operating limits depend on the
refrigerant used and the horsepower output of the motor.
Generally, the motor horsepower is matched to the
compressor and a refrigerant so that the motor does not
overload when the unit operates within normal air
conditioning levels.  Hermetic compressors may be
classified as either (1) sealed (requiring factory service
for repairs) or (2) accessible (permitting service on the
job).
APPLICATION

Refrigeration applications up to 60 tons generally
utilize reciprocating compressors.  From 60 to 200 tons
either reciprocating compressors or other types such as
centrifugal water chillers or absorption machines are
used.

A compressor unit must be combined with a device
such as an air-cooled, water-cooled or evaporative
condenser to condense the refrigerant.  In a field built-up
system this combination or a factory-assembled

condensing unit can be applied with direct expansion
evaporator coils in fan-coils equipment or a built-up
apparatus.  It may also be applied to a water or brine
chiller or for any other type of refrigeration duty.

A water-chilling unit maybe applied to an air
conditioning system or to any process requiring chilled
water.  Package water-chilling units can be obtained
complete with or without a water-cooled condenser so
that an air-cooled or evaporative condenser so that an
air-cooled or evaporative condenser can be utilized if
desired.  When two units are required, they may be
applied with their coolers piped in parallel or series water
flow.  Series connected coolers can be used on high rise
water systems to effect a saving in the over-all
horsepower per ton required for the system.
STANDARDS AND CODES

The location and installation of a reciprocating
compressor should be in accordance with local and other
code requirements.

The equipment should be manufactured to conform
to the USAS B9.1 Safety Code for Mechanical
Refrigeration.

The cooler, condenser and accessories of the system
should be built to conform to the ASME Unfired Pressure
Vessel Code.  This code covers the minimum
construction requirements for design, fabrication,
inspection and certification of unfired pressure vessels.

ARI Standards for open and sealed compressors
establish recommended specifications for (1) standard
equipment, (2) methods of testing and rating, including
Standard Rating Conditions, and (3) provisions for safety.
The Standard Rating Condition usually published by the
manufacturer for a compressor unit used for air
conditioning duty is Group IV which is based on an
entering saturated refrigerant vapor temperature of 40 F,
an actual entering refrigerant vapor temperature of 55 F,
a leaving saturated refrigerant vapor temperature of 105 F
an ambient temperature of 90 F, and no liquid
subcooling.

ARI Standards for a Reciprocating Liquid Chilling
Package establish a Standard Rating Condition for a
water-cooled model of a leaving chilled water
temperature of 44 F, a chilled water range of 10 F, a
.0005 fouling factor in the cooler and condenser, a
leaving condenser water temperature of 95 F, and a
condenser water rise of 10 degrees. The Standard Rating
Condition for a condenserless model is a leaving chilled
water temperature of 44 F, a chilled water range of 10
degrees, a .0005 fouling factor in the cooler, and a
condensing temperature of 105 F or 120 F.

These Standard Rating Conditions can be used to
make comparisons between compressors. When
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comparing catalog ratings of compressors of different
manufactures, the rating conditions must be known,
particularly the amount of subcooling and superheating
needed to produce the capacities shown.

Specifications should call for conformance to these
standards and codes to assure a high quality product.
UNIT SELECTION

The selection of a reciprocating refrigeration machine
is influenced by the economic aspects of the complete
system; a balance between first cost and operation cost
should be considered. The evaporator as well as the heat
rejection equipment should be included in the analysis.
Refer to Chapter 5 for the economic consideration of the
heat rejection equipment. Refer to Part 6 for a discussion
of dehumidifiers.
COMPRESSOR UNIT

Factors which in flounce the selection of a
compressor unit include the following:

1. Capacity – The amount of heat to be exchanged
by the refrigeration system in the evaporator.
This heat depends on refrigerant weight flow and
on entering and leaving enthalpy of the
refrigerant at the evaporator.

2. Evaporator Temperature – The refrigerant
temperature required to absorb heat from the
medium being cooled.  Lowering the evaporator
temperature 10 degrees from a base of 40 F and
105 F reduces the capacity about 24%, and at
the same time increases the compressor
horsepower per ton about 18%.

3. Condensing Temperature – The refrigerant
temperature required to reject heat to the
condensing medium.  Increasing the condensing

temperature 15 degrees from a base of 40 F and
105 F reduces the capacity about 13%, and at
the same time increases the compressor
horsepower per ton about 27%.

4. Refrigerant – The four main refrigerants used in
reciprocating compressors are Refrigerants 12,
22, 500 and 502.  Table 1 indicates some
comparative data on these four; refer to Part 4
for more information.

5. Subcooling of the Condensed Refrigerant –
Subcooling increases the potential refrigeration
effect by reducing the percentage of liquid
flashed during expansion.  Subcooling may be
accomplished in the condenser, in an external
subcooler, or in a liquid suction heat exchanger.
For each degree of subcooling, the compressor
capacity is increased refrigeration effect per
pound of refrigerant flow.

6. Superheating of the Suction Gad – Superheating
can occur by heat pickup in piping outside the
cooled space, in a liquid suction heat
exchanger, or in an evaporator within the cooled
space.  Superheating increases the compressor
capacity slightly (0.3-1.0% per 10 degrees) when
using Refrigerants 12,500 and 502, providing the
heat absorbed by the vapor represents useful
refrigeration such as coil superheat, not
superheating from a liquid suction heat
exchanger.  Superheating from a liquid suction
heat exchanger increases the capacity of the
compressor by the subcooling effect on the
condensed liquid.  Compressor ratings are
generally published with a maximum actual
suction gas temperature of 65 F for Refrigerants
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12 and 500 and 75 F for Refrigerant 502.
Although tests using Refrigerant 22 in a
compressor indicate a negligible increase in
capacity due to improvement in the volumetric
efficiency, superheating is not recommended
because of the possibility of compressor
overheating.  Therefore, compressor ratings for
Refrigerant 22 are generally published with only
the superheat obtained with the normal
expansion valve action and line transmission
losses.  Superheat is generally limited to 15 to 20
degrees between 40 F and 20 F saturated
refrigerant temperatures respectively.  Liquid
suction heat exchangers are not used with
Refrigerant 22 except where necessary to
evaporate liquid refrigerant in the oil returning to
the compressor and to eliminate liquid slugging
to the compressor.

7. Refrigerant Line Pressure Drops – The
operational the reciprocating compressor in a
refrigeration system is similar to that of a pump in
a water system.  It must be selected to overcome
the system resistance and to product the
required refrigerant flow.  At normal air
conditioning levels, a piping loss equivalent to
approximately 2 degrees is allowed in the
suction piping, and a loss equivalent to
approximately 2 degrees is allowed in the hot
gas discharge piping.  Thus, when an evaporator
required load, the compressor must be selected
for a 40 F suction temperature (42-2 piping loss).
Correspondingly, if the condenser requires 103 F
to reject the proper amount of heat, the
compressor must be selected for a 105 F
condensing temperature (103+2 piping loss).  At
lower suction temperatures it may be necessary
to allow a larger differences between the
evaporator and compressor suction
temperatures because of the pressure-
temperature relationship of the refrigerant.  For
example, with Refrigerant 12 a pressure change
of 1 psi at 0 F is equivalent to a temperature
change of 2 degrees, and at +50 F equivalent to
1 degree.  Foe Refrigerant 22 change of 1 psi at
0 F equals a change of 11/4 degrees, and at +50
F equals 2/3 degrees.  For Refrigerant 500 a
change of 1 psi at 0 F equals a change of 1 2/3degrees, and at +50 F equals ¾ degree.

8. Operating Limits – The manufacturer of a
compressor unit generally states the operating
limits of his compressor.  Capacity limits may be
shown in the rating table with a note stating that
extrapolation of the rating is not permitted.  There

may be limitations on suction temperature,
superheat, compression ratio, discharge
temperature, compressor speed, horsepower, or
motor cooling.  As examples of these limitations,
most manufacturers limit (1) the saturated
suction temperature to a maximum of 50 F, (2)
the compression ratio for Refrigerant 22
compressors to 5, and (3) the discharge
temperature at the discharge valve to 275 F.
This compression ratio limitation may be
exceeded if water-cooled heads are used.  The
horsepower or kilowatt input may be limited by
the size of motor available with the compressor.
Generally, this limitation occurs are used, the
compressors which have built-in motors of
specific sizes.  If 50-cycle motors are used, the
compressor speed is reduced and the capacity
has to be adjusted accordingly.  For all practical
purposes the capacity is approximately
proportional to the speed.

9. Heat Rejection – In order to select a condenser
to much the compressor, the heat rejection of the
compressor must be known.  This is usually
given in the ratings by the manufacturer, or may
be approximated by multiplying the capacity by
a given heat rejection factor.  The heat rejection
is dependent upon the compressor brake
horsepower for the conditions involved, less the
heat transferred to ambient air, jacket water or oil
cooler during the compression of the refrigerant
vapor.  For an open type compressor the heat
rejection can be approximated by adding the
required brake horsepower converted to tons to
the refrigeration capacity.  (To convert brake
horsepower to tons, multiply by 0.212.)  For a
gas-cooled hermetic type compressor the heat
rejection can be approximated by adding the
kilowatt input in tons (or Btu) to the refrigeration
capacity.  (To convert kilowatts to tons, multiply
by 0.285.)

A typical rating rating of an open type compressor
unit is shown in Table 2.

Example 1 – Selection of a Compressor Unit
Given:

Evaporator conditions
Load = 36 tons
Evaporator temperature = 30 F
Coil superheat = 20 deg
Suction line pressure drop = 2 psi
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NOTES:
1. Where values are not shown for capacity and power

input, the operating conditions are beyond the operating
limits of the compressor.

2. Capacities are based on liquid subcooling of 15 degrees
in the system.

3. Although interpolation is permitted, do not extrapolate.
Operation outside limits of the table is not allowed.

4. The refrigerant temperatures shown are the saturation
temperatures corresponding to the pressures indicated
at the compressor. The actual gas temperatures are
higher because of superheat.

5. Ratings are based on operation at 1750 rpm.  See table
below for multiplying factors other speeds.

Multiplying Factors for Other Speeds
Rpm 1450 1160
Capacity 0.835 0.674
Bhp 0.798 0.602
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Example 1 (contd)
Condensing temperature = 105 F
Compressor speed = 1750 rpm
Subcooling (water-cooled condenser), assume = 5 deg
Refrigerant 12

Find:
Compressor size, horsepower, heat rejection

Solution:
Suction line loss = approximate 1.4 deg per psi at 30 F
Suction temperature = 30 – (1.4 X 2) = 30 – 2.8
                                 = 27.2 F or 27 F

Compressor capacity  correction factors
Superheat correction, 27 F suction, 20 deg superheat = .985
Subcooling correction = 1 - .005 (15 - 5) = 1 - .05 = .95

Equivalent capacity =                  = 38.5 tons

Select an 8 cylinder compressor. By interpolation from Table 2, at 27 F
suction and 105 F condensing,

Compressor capacity = 40.3 tons
Power input = 47.6 bhp
Heat rejection = 50.3 tons

CONDENSING UNIT
There are two type of condensing units, water-cooled

and air-cooled.
The selection factors stated under Compressor Unit

also apply to condensing units with the addition of the
following.

For Water-Cooled Condensing Units:
1. Condenser Water Source-Water for condensing

may be available from such sources as city
water, well water, river water, seawater, cooling
tower, or spray ponds. If a choice is available,
the selection of a watercourse is generally a
matter of economics. The cost of city water is a
factor, and also there may be sewage charges
for disposing of water used in a once-thru
system.  The cost of the tower or spray ponds as
well as the water conditioning cost also
influences the choice of a source.

2. Fouling Factor – Fouling factors constitute the
thermal resistance to heat flow introduced by
scale and other water impurities. Normally,
manufacturers rate a water-cooled condenser for
various values of waterside fouling. Nothing less
than a .0005 factor should be used when
selecting a condenser, even when good quality
water is available, because some surface fouling
is present from the beginning of operation.
Fouling factors have only a small in flounce on
the capacity of reciprocating compressor
equipment.  An increase in a scale factor of

.0005 reduces the capacity of a condensing unit
only about 2%.  Ranges of fouling factors used
for equipment selection are shown in Part 5,
Water Conditioning.

3. Entering Condenser Water Temperature – If city
water or well water is used for the condensing
media in a once-thru system, the maximum water
temperature prevailing at the time of maximum
refrigeration load is used for the selection.  This
temperature must be obtained locally from the
water company or other local sources.  If a
cooling tower is based on the design wet-bulb
temperature and on the approach which is the
difference between the wet-bulb temperature
and the water temperature leaving the tower.  For
further data on tower selection and temperature
levels, refer to Chapter 5.

4. Water Quantity – The required water quantity
may be found from the condenser ratings or may
be given as an available quantity.  It may be
limited by the suggested maximum water tube
velocities for various total operating hours pet
year (Table 3). City water quantities generally run
from 1-2 gpm per ton.  Cooling tower water
quantities are usually selected for 3 grm per ton.

A typical rating of a hermetic water-cooled
condensing unit is shown in Table 4.

For Air-Cooled Condensing Units:
1. Entering Air Temperature – The normal summer

outdoor design dry-bulb temperature is used as
the temperature of the air entering the
condenser.

2. Air Flow – The unit must be located so that the
flow of air to and from the condenser coil is not
impeded. There must be enough space
surrounding the unit to prevent recalculation of
air.  Units with direct-driven propeller fans should
not use ductwork for the condenser air because
the capacity is lowered and the condensing
temperature is raised.  Ductwork and be used on
some units which use belt-driven centrifugal
condenser fans.

When selecting condensing units, consideration
should be given to the variation expected in the load and

.985 x .95
36

TABLE 3 – MAXIMUM SUGGESTED
WATER VELOCITIES THRU COOLERS

AND CONDENSERS
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the type and steps of capacity control available on the
unit.
Example 2 – Selection of a Condensing Unit
Given:

Refrigeration load = 10.0 tons
Saturated suction temperature = 40 F
Entering condenser water temperature = 75 F
Fouling factor = .0005
Refrigerant 12

Find:
Condensing unit size
Condensing temperature
Power input
Condenser water quantity
Circuiting

Solution:
There are two possible selections depending on the number

of condenser passes.

NOTES:
1. Where values are not show for capacity and power input (kw), the

operating conditions are beyond operating limits of the compressor.
2. Where values for grm are not shown, the operating conditions

require a water quantity outside the condenser operating limits.
3. The condenser water quantities shown are based on a .0005 fouling

factor.
4. Although interpolation is permitted, do not extrapolate.  Operation

outside the compressor limits of the table is not allowed.
5. For 50-cycle operation, multiply the capacity and power input by

0.83.  The condenser water quantities are based on 60-cycle
operation. For 50-cycle operation, use the condenser ratings.

6. Condenser leaving water temperature
= entering water temp +heat rejection (tons) × 24

              gpm
where:

heat rejection (tons) = unit heat rejection (rating tables)
24 = conversion constant
grm = gal/min (rating table)

7. The refrigerant temperature shown are the saturation temperatures
corresponding to the pressure indicated at the compressor.  The
actual gas temperature is higher because of superheat.

Example 2 (contd)
Selection 1 Selection 2

Condensing unit size    40    40
Condensing temperature   100 F   110 F
Power input    8.7 kw    9.5 kw
Condenser water quantity   21 gpm  10.5 gpm
Circuiting    4-pass    8-pass
Four-pass selection is usually used with cooling tower water and
eight-pass selection with city water.

TABLE 4 – WATER-COOLED CONDENSING UNIT RATINGS
CAPACITY, POWER INPUT, HEAT REJECTION, CONDENSER WATER REFRIGERANT 12, COMP MODEL 40, COND MODEL 40
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WATER-CHILLING UNIT
The factors influencing the selection of a water-

chilling unit are:
   1. Capacity, Chilled Water Quantity, Temperature

Range – These are related to each other and,
when any two are known, the third can be found
by the formula:

             Capacity (tons) =

Temperature range is the difference between the
water temperature entering and leaving the
chiller.  Capacity is the total load of the chiller,
and the water quantity is the design flow; these
are generally determined from the dehumidifier
(s) selection.

2.  Water Temperature Levels – The leaving chilled
water temperature is usually selected as the
entering water temperature required at the load
source. The proper determination of the water
temperature required for chilled water coils and
spray washers is discussed in Part 6. The
entering condenser water, i.e. city water used in
a once-thru system, or cooling tower water used
in a recirculating system.

3. Fouling Factors – The same discussion included
under water-cooled condensing units applies to
the condenser of a water-chilling unit. The
fouling factor used for the chiller selection
depends on the water conditioning and the
system to which the chiller is applied, either an
opener closed recalculating system. Water
chillers applied to open recalculating chilled
water system should be selected with a minimum
fouling factor of .001 in the cooler. For closed
recalculating systems, a minimum fouling factor
of .0005 should be used. Refer to Part 5 for
recommended fouling factors for different
applications and also for information on water
conditioning.

A typical rating of a water-cooled water-chilling unit is
shown in Table 5
Example 3 - Water-Chilling Unit Selection
Given:

Chilled water quantity = 200 gpm
Leaving chilled water temperature = 44 F
Chilled water temperature rise = 10 degrees
Entering condenser water temperature = 85 F
Fouling factor (cooler and condenser) = .0005

Find:
Unit selection
Condensing temperature
Power input

Condenser water flow rate
Pressure drop thru cooler and condenser

Solution:

Load =                  = 83.3 tons

Select Model 100.  By interpolation:
Condensing temperature = 107.4 F
Power input = 82.0 kw
Condenser load = 106.5 tons

For a 3 pass condenser, gpm = 170
Condenser pressure drop = 8 psi
Cooler pressure drop = 10.5 psi

DRIVE SELECTION
Drive selection involves a consideration of types,

sizes, starting torque, overload, and starting
requirements.
DRIVE TYPE

For an open compressor almost any type of driver
can be used.  The most common is the polyphase
squirrel cage induction motor.  Other types used in
special cases are d-c motors, wound rotor induction
motors, or single-phase motors.  There may be a need to
apply 2-phase motors or 25 or 50 cycle motors for
compressors in regions where these electrical conditions
exist.

Another type of driver that can be applied to an open
compressor is an internal combustion engine, either
diesel or natural gas driven.  These may be used when an
economic analysis of the relative costs of fuel and
electrical energy, maintenance and the relative
investment required is made.  Engines are available
commercially in sizes from 10 horsepower and up; they
usually are direct connected.

Hermetic compressor equipment is normally supplied
with a squirrel cage induction motor.  It may be wound for
part-winding starting to provide a method of reducing
current inrush; it may be furnished in some sizes with a
single phase or two-phase motor, and may be available
for 50-cycle duty.

gpm x temperature range
24

200 x 10
24

Qc = 107.4 - 85
106.5 = 4.75
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SIZE
Driver selection based on the brake horsepower

required at the design operating condition is usually
satisfactory for an open compressor application for air
conditioning duty. For selections at low design suction
temperatures, it is usually necessary to consider the initial
pull-down operating condition. The compressor operates
at a higher suction temperature at start-up, requiring a
higher input during the pull-down. This consideration
frequently dictates the size of the motor requires rather
than the brake horsepower required at the design
operating condition.

The motor for a hermetic compressor is selected by
the manufacturer to prevent overload when the
compressor is running at its normal operating condition.
STARTING TORQUE

It should be noted in the selection of a drive that the
required starting torque available by the driver must
equal the compressor starting torque only when the
compressor is selected to operate at the driver speed
(direct-driven). If the design compressor speed is less
than the driver speed (as on belt-drive units), the starting
torque requirements are reduced in proportion to the
speed ratio between the compressor and drive, because
of the mechanical advantage available to the driver.

The following formulas are useful in analyzing motor
performance with respect to starting torque requirements:

1. Motor full load torque (lb ft) =

2. Starting torque available at motor (lb ft)

3. Starting torque available at compressor (lb ft)

4. Minimum motor horsepower required to start compressor

(Incorporation of the 0.81 factor in formulas 2, 3 and 4 allows 
up to 10% drop in voltage at the motor terminals during the 
starting periods.)

The starting torque which a motor develops is
proportional to the square of the voltage at the motor
terminals. Thus, at half voltage a motor develops only
one-quarter of the torque developed at full voltage. To
make starting possible, the voltage at the motor terminals
must be high enough to provide the required starting
torque.

A compressor equipped with a capacity control may
be supplied with a normal starting torque motor (NEMA

design B) when it is started partially loaded. A
compressor not equipped with capacity control should be
provided with a high starting torque motor (NEMA design
C). The compressor manufacturer should be consulted as
to the starting torque requirements of the compressor.

With reduced voltage starting, it is usually necessary
to use a high starting torque motor when the starting
inrush must be kept to the lowest possible value
coincident with actual starting of the compressor.  Table 6
shows NEMA starting torque and locked rotor current
values for both normal and high torque motors in the 5-
200 horsepower range. The full voltage starting torque
(locked rotor torque) is usually expressed in percent of
the torque delivered by the motor at full load, full speed
and at rated voltage and frequency. For convenience, the
actual torque (pound feet) of the motors also shown in the
table.
OVERLOAD

NEMA standards permit continuous overloading of 40
C rise open squirrel cage motors up to 15% over
nameplate rating when operated at full rated voltage,
frequency and ambient temperatures not exceeding 40
C. Whether or not part of this 15% service factor should
be used in making an initial motor selection depends on
having ava8ilable accurate information concerning local
voltage and frequency variation, ambient temperature,
compressor speed, and maximum suction and
condensing pressures at which the compressor operates.
Where conditions of voltage, frequency, and ambient
temperatures are comparatively unknown, motors should
positively not be selected overloaded. Selection for
operation above full load current may shorten the life of a
motor as much as 50%
BELT DRIVE

When using a belt drive for a compressor, it is
recommended that 3% be added to the direct drive brake
horsepower ratings to obtain the approximate motor
brake horsepower required.

For more complete information on motors and their
characteristics, refer to Part 8.  For information on other
type of drives, refer to the manufacturer.
STARTING EQUIPMENT
HERMETIC COMPRESSOR

Normally, hermetic compressor equipment is
completely wired at the factory and supplied with either a
standard motor and across-the-line starter or a part-
winding motor and increment type starter, designed
specifically for use with the compressor.  The increment
type starter can be augmented with a resistance type
accessory to make it a three-step-winding type alone.

5250 x hp
motor rpm

= comp starting torque (lb ft) x comp rpm x 100
5250 x percent starting torque x 0.81

= 5250 x motor hp x percent starting torque x 0.81
compressor rpm x 100

= 5250 x motor hp x percent starting torque x 0.81
motor rpm x 100
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OPEN COMPRESSOR
Whenever possible, across the line starting is most

desirable because it id less costly and less troublesome
than the complicated reduced voltage equipment.
However, limitations of the power distribution system
capacity often require the use of a reduced voltage
starter for compressor motors above a certain size.  In
each case the power company concerned should be
consulted and a rating obtained with respect to the
particular application.

When reduced voltage starting must be used, in
crement starting is the least expensive because it
requires no voltage-reducing elements such as
transformers or resistors.  Although the most expensive
type, auto transformer starters obtain the most effective
reduction of inrush current drawn from the line.  Primary
resistance starters are less expensive and obtain a
smaller degree of reduction of inrush current.  Refer to
Part 8 for data on starters.

CONTROLS
Compressor control consists mainly of capacity

control, safety controls and the method of compressor
operation.
COMPRESSOR CAPACITY CONTROL

Various methods of capacity control are available
from different compressor manufacturers.  A brief
description and some of the advantages or
disadvantages of there methods are included here.
Suction-Valve-Lift Unloading

This unloading is accomplished by unseating the
suction valves of certain cylinders in the compressor so
that compression cannot take place.  this is inherently the
most efficient method of capacity control since passage
of the refrigerant vapor in and out of the cylinder thru the
suction valves without compression involves smaller
losses than other methods.  The compressors are
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generally controlled in steps down to one fourth or one
third of cylinders.  The cylinders may be unloaded
internally under the control of suction pressures or
externally under the control of suction pressure or
externally from a thermostat or pressure state.  Figure 5
illustrates a method of this type of capacity control.
Cylinder Head Bypass

On multi-cylinder compressor one or more cylinders
or banks of cylinders may be made ineffective by a
bypass of gas from the cylinder discharge to the intake
port (Fig. 6).  A check valve is installed to separate the
inactive cylinders from active ones.  A solenoid valve can
be installed to operate the bypass, thru permitting
automatic control by a thermostat or pressurestat.  Gas
passes thru the inactive cylinders but is not compressed;
there fore, the only loss is thru the valves, cylinders and
connections.  Because of these losses, the power
requirement does not decrease proportionally with the
capacity.
Speed Control

Compressor capacity is almost directly proportional
to the speed while the compressor brake horsepower is
proportional to the ratio of the speeds raised to a power
of 1.0 to 1.3, depending on the compressor design.

Fig. 6 – Cylinder Head Bypass
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The speed control can be obtained by using a multi-
speed motor which provides two or there speeds, or by
using an internal combustion engine which can produce
multiple speeds.  Care must be taken that the
compressor is not operated at a speed below the range
for proper operation of the lubricating system.
Multiple Units

The use of multiple compressors for capacity control
(Fig. 7) has the following advantages: (1) single speed
motors may be selected and operated continuously at
their best efficiency; (2) stand-by equipment is available
which allows partial load operation if one of the machines
breaks down; (3) compressors may be started in
sequence to limit the current inrush if time-delay devices
are employed.  The compressors may or may not be
interconnected as conditions require.  Thermostats or
pressurestats may be used to start and stop compressors
in accordance with load demands.
Hot Gas Bypass

Another method of capacity control is to load the
compressor artificially.  This can be accomplished by
transferring heat to the suction gas in the form of a hot
gas bypass.  The discharge is connected to the low side
thru a constant pressure valve which admits hot gas to
the low side as the evaporator pressure tends to drop,
thus maintaining a constant suction pressure.  Figure 8
shows three arrangements of hot gas bypasses.  Since
this is a method of loading and not unloading the
compressor, the compressor brake horsepower remains
fairly constant.

Though not a method of capacity control, a back
pressure valve does permit a constant speed compressor

to operate at lower capacities and horse powers while
maintaining a constant evaporator temperature.  As the
load is decreased, the evaporator temperature is
reduced.  This causes the back pressure valve to start to
close, creating a restriction between the evaporator and
the compressor suction, which causes a reduction in
suction pressure while the evaporator pressure remains
close to density of the suction gas decreases, and the
weight flow of refrigerant is reduced, thus lowering the
capacity of the compressor.

Fig. 7 – Multiple Compressor
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Chart 1 shows the power-saving characteristics of
typical compressor loading and unloading devices.

Compensation of the compressor capacity from a
room thermostat or a chilled water thermostat is used
when control of the temperature must be closer than the
8-10 degrees swing normally obtained when using only
suction-valve-lift unloading.  This compensation is
accomplished by resetting the control point at which the
compressor unloads.  For example, as the temperature at
the room thermostat or chilled water thermostat
decreases, the control point is increased so that the
compressor unloads at a higher than normal suction
temperature.
SAFETY CONTROLS

There are several safety controls which can be
applied to reciprocating compressors.  A brief
explanation of the function of each is included.
Oil Safety Switch

This switch (Fog. 9) may be used on compressors
with pressure type lubrication.  It stops the compressor if
there is a lubrication failure due to either oil leaks from the
system, a clogged strainer stopping the oil intake to the
pump, excessive refrigerant in the crankcase, or
insufficient oil pressure.  Provision must be made to
bypass this switch when the oil pump is direct-driven
from the compressor shaft.

Low Pressure Switch
This switch is used to stop the compressor when the

suction pressure is reduced to a point which could
produce freezing in a water chiller, or which would permit
operation beyond the prescribed operating limits of the
compressor.
High Pressure Switch

This switch is used to stop the compressor when the
discharge pressure rises above the prescribed limits
because of either inadequate condensing, an overcharge
of refrigerant air in the system, or any other reason.  It is
usually combined with the low pressure switch into one
control called a dual-pressure switch (Fig. 10).
Chilled Water Safety Switch

This switch is used with water-chilling units to stop
the compressor when the water temperature in the chiller
approaches the freezing point.
Time Delay Relay

This relay should be used on hermetic compressors,
and can be used on open compressors to prevent short
cycling of the unit.  The relay should be set prevent the
starting of the compressor until an elapse of time (such as
5 minutes) after the compressor has been shut down, due
to action of one of the safety or operating controls.  This
reduces the chances of overheating the motor, and
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eliminates a possible burnout because of frequency of
starting.
Motor Temperature Switch

This switch is used on hermetic compressors to the
compressor circuit to stop the compressor when the
temperature in the motor windings becomes excessive.
Motor Overloads

These overloads are included in the wiring of the
compressor circuit to stop the compressor when the
motor draws excessive current.COMPRESSOR
OPERATION

Reciprocating compressor operation must prevent
excessive accumulation of liquid refrigerant in the
crankcase during off cycles. This minimizes the rapid
evaporation of the refrigerant on start-up, resulting in
foaming of the oil and loss of lubrication.
Methods of Control

Either of the following methods of control may be

used to prevent this accumulation of excess refrigerant:
1. Automatic Pumpdown Control (DX Systems) – 

The most effective and most common means of 
keeping liquid out of the crankcase during 
system shutdown periods is to operate the 
compressor on automatic pumpdown control. It 
is most practical on small systems using a single 
DX evaporator.  A typical wiring diagram for this 
control is shown in Fig. 11. The recommended 
control arrangement involves the following 
devices and provisions:
a. A tight-closing solenoid valve in the main 

liquid line or in the branch to each 
evaporator.

b. Compressor operation thru a low-pressure 
switch providing for pumpdown whenever 
the valve closes, whether the balance of the 
system is in operation or not.

c. Electrical interlock of the liquid solenoid 
valve(s) with the evaporator fan or water 
chiller pump, so that the refrigerant flow is 
stopped when either the fan or the pump is 
out of operation.

d. Electrical interlock of the refrigerant solenoid 
valve(s) with the safety devices (high-
pressure cutout, oil safety switch and motor 
overloads) so that the valve(s) closes when 
the compressor stops, due to any one of 
these safety devices.

e. Low pressurestat settings, such that the cut-
in point corresponds to a saturated 
refrigerant temperature lower than any 
ambient air temperature to which the 
compressor may be subjected.

2. Crankcase Oil Heater With Single Pumpout At 
The End Of Each Operating Cycle (DX Systems)
– The arrangement is not as positive in keeping 
liquid refrigerant out of the crankcase as

Fig. 10 – Dual Pressure Switch
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automatic pumpdown control, but it is a substitute 
where pumpdown control, but it is substitute where 
pumpdown control (resulting in compressor cycling) 
meets with customer objections. A typical schematic 
wiring diagram for single pumpout control with 
crankcase heater is shown in Fig. 12.  The use of this 
method at the end of each operating cycle requires 
the following:

a. A tight-closing solenoid valve in the main 
liquid line or on the branch to each 
evaporator.

b. A relay or on auxiliary contact of the 
compressor motor starter to maintain 
compressor operation until the low-pressure 
switch opens.

c. A reply or auxiliary contact for energizing the 
crankcase heater during the compressor off 
cycle and de-energizing it during the 
compressor on cycle.

d. Electrical interlock of the refrigerant solenoid 
valve(s) with the evaporator fan or chilled 
water pump, so that the refrigerant flow is 
stopped when either the fan or pump are out 
of operation.

e. Electrical interlock of the refrigerant solenoid 
valve(s) with the safety devices, (high 
pressure cutout, oil safety switch and motor 
overload), so that valve(s) closes when the 
compressor stops, due to any one of these 
safety devices.

3. Compressor Control With Flooded Evaporators – 
Neither automatic pumpdown control nor single 
pumpout operation is practical in systems 
employing flooded evaporators unless suction 
line solenoid valves are added to the system.  
Therefore, with flooded evaporators the following 
arrangements are often used:
a. Manual operation (Item 4). No crankcase 

heaters are required.

b. Automatic control from temperature 
controllers or other devices, provided 
crankcase heaters are used and energized 
on the off cycles, and the liquid solenoid 
valve is closed whenever the compressor is 
stopped. Where water cooling of the 
compressor head is employed, a solenoid 
valve in the water supply line closes 
whenever the compressor is stopped.

c. Item b, with the added precaution of a single 
pumpout of the compressor for night or 
weekend shutdowns.  This can be 
accomplished by manually closing the 
compressor suction stop valve.

4. Manual Compressor Operation – Compressors 
may be controlled manually without the use of 
automatic pumpdown control, or by single 
pumpout and a crankcase heater, provided the 
system is under the control of a qualified 
operator at all times.  The operator pumps down 
the system by use of the manual valves, and 
keep the liquid, suction and discharge valves 
closed when the machine is not operating.

Effect of a Short Operating Cycle
It is characteristic of the reciprocating compressor

operation that oil leaves the crankcase at an accelerated
rate immediately after starting. Therefore, each start must
be followed by a sufficiently long operating period to
permit the regain of the oil level. Operation under control
of a room thermostat generally provides enough
operating tome in most cases. However, if the
compressor is controlled in response to a thermostat
located in the supply air or in the water leaving a water
chiller, a rapid cycle may result. This thermostat should
have a differential wide enough so that the running cycle
is not less than seven or eight minutes.
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ACCESSORIES
The following accessories may be required and can

be supplied with the compressors.
1. Coupling – Used with an open compressor when

driven at motor speed.
2. Belt Drive Package – Used to isolate compressor

utilizing a fly wheel and motor pulley for driving
the compressor at any specific speed.

3. Vibration Isolators – Used to isolate compressor
units, condensing units or water chilling units to
reduce transmission of noise and vibration to the
floor or building structure.

4. Crankcase Heaters – Used to keep the oil warm
in the crankcase when the compressor is not
running. This heating prevents the oil from
absorbing refrigerant to an excessive degree,
thus maintaining its full lubricating and protective
qualities.

5. Water-Cooled Compressor Heads – Used to
prevent excessive temperatures at the discharge
valve. They are usually required when a
compression ratio of 5:1 is exceeded when using
Refrigerant 22. To prevent condensation of
refrigerant in the cylinders, water flow must be
stoppped when the compressor stops. The
maximum leaving water temperature should be
100 F.

6. Suction Strainer – Used to prevent foreign
particles from entering the compressor. It is
important that the system be thoroughly cleaned
before start-up.

7. Structural Steel Base – Used to mount the
compressor unit, condensing unit, or water
chilling unit as a completely fabricated
assembly, for ease of installation.

8. Crankcase Connections – Used to interconnect
two or more compressors (connected to the
same system) to return oil equally to all
compressors.

9. Muffler – Used to minimize refrigerant noise. It
should be installed so oil is not trapped.

INSULATION
Cold surfaces such as the cooler shell of a water

chilling unit and the suction pipe should be insulated to
prevent dripping where this condition creates a nuisance
or causes damage. The thickness should be such that the
temperature of the outer surface is slightly higher than the
expected dewpoint of the surrounding air. An external

vapor barrier should be used to prevent leakage of vapor
into the insulation. Cellular plastic or cellular glass type of
insulation can be used since they have a high resistance
to water and water vapor, and are good insulators.

Hot gas lines are not insulated unless there is some
danger of receiving burns by contact with the lines. If the
is to be prevented, the hot gas lines may be insulated up
to 5 feet from the floor with a high temperature insulation
such as magnesia.

Liquid lines should not be insulated unless heat can
be picked up from the surrounding air, i.e. where they are
installed exposed to the direct sunlight for a considerable
distance or installed in boiler rooms. Insulation may also
be used at the outlet of a liquid suction interchanger to
preserve the subcooling effect.
LOCATION

The location of a .reciprocating refrigeration machine
should be carefully planned; it directly influences the
economic and sound level aspects of any system.

In general, the compressor should be located in a
clean, dry, well-ventilated space. Cleanliness and
absence of dampness insure long life to motors and
belts, and reduce the necessity of frequent painting of
exposed piping. If natural ventilation is inadequate or
cannot be supplied thru windows and door, forced
ventilation thru ductwork should be provided. It is
essential that the starter and open motors have adequate
ventilation to prevent overheating of the starter and
overloading of the motor.

Space should be available at the end of all
replaceable tube coolers and/or condensers so that the
tubes can be cleaned or replaced. Adequate space
should be left around and over the compressor for
servicing; it should be accessible from all sides. Sufficient
space should be left above the unit for removing
cylinders, and on either side to permit removal of the
flywheel and crankshaft.

The unit should be protected so that the water-cooled
condenser, water lines and accessories are not subject to
freezing during winter shutdown periods.

The machine should be located near the equipment it
serves to effect a minimum first cost system. However,
there may be cases where the machine must be located
elsewhere because of space, structural, or sound
considerations. The machine should be located where
moderate sound levels can be accepted; otherwise
special sound proofing may be required when adjacent to
low ambient sound level areas such as executive offices
or conference rooms.
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In new construction the floor framing of the
equipment room should be laid out by the architect or
consulting engineer to match equipment supports, and
should be designed for weights, reactions, and speeds
furnished by the equipment supplier. This framing
transfers equipment loads to the building columns.

In existing buildings, use of existing floor slabs
should be carefully studied. Any deflection in the floor
due to weight of the equipment together with vibrations
transmitted thru equipment isolation may result in
magnifying the vibration in the building structure.
Supplementary steel framing to transfer all equipment
loads to building columns may be required by the
architect or consulting engineer.
LAYOUT

In the layout of a reciprocating refrigeration machine,
consideration should be given to foundation and
electrical connections.
FOUNDATIONS

Where a foundation is required for a machine, it must
be of ample size, have proper proportions, and be
constructed of first class materials.

The functions of a foundation are the following:
1. Support and distribution the weight of the

machine over a sufficient area so that it is rigidly
located.

2. Absorb the forces produced by the rotating and
reciprocating parts of the machine. Forces
produced by the reciprocating parts act along
the center line of the piston. Those produced by
rotating parts act radially in all directions from
the center of the crank. The magnitude of these
forces depends on the weight of the parts and
the speeds of the machine. These forces
produce perceptible and perhaps objectionable
vibration of the machine and foundation if the
latter does not have sufficient mass.

3. Hold the machine rigid against unbalanced
forces produced by the pull of the belts or other
sources.

ELECTRICAL CONNECTIONS
Rigid conduit should never be fastened directly to the

compressor or base because it can transmit vibration.
Instead, flexible conduit should be used.

UNIT ISOLATION
Isolators are of value not only on upper floors in the

prevention of transmission of vibration to the building
structure, but also on concrete basement floors.

Two common ways in which vibration is transmitted
from reciprocating refrigeration compressors to building
structures are the following:

1. Thru the compressor base directly to the building
structure.

2. Thru refrigerant and condenser water piping
directly to the building structure (Part 3).

Figure 13 shows a typical vibration isolator mounting.
When using belt drive compressors, a greater

deflection of the isolator is required to maintain the same
effectiveness of isolation, as the compressor rpm
decreases.

While the standard isolator package is suitable for
most applications, for example, on ground or basement
floors, a superior isolation may sometimes be required
particularly for upper floor installations where complete
freedom from vibration transmission and unusual
quietness is a prerequisite.

Where the isolation problem is critical as in upper
floor equipment rooms, spring mountings are
recommended. They should be used in conjunction with a
stabilizing mass such as a concrete foundation or steel
base, and should be selected for the lowest disturbing
frequency, which is the compressor speed.

Fig. 13 – Typical Vibration Isolator Mounting
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The important consideration in selecting such isolating
equipment are these:

1. The isolator must permit sufficient deflection
under a load to produce high isolating efficiency.

2. The isolator must retain its resilience; that is, it
must not become permanently deformed as
otherwise its efficiency would be impaired.

3. The isolator must be structurally suitable to the
load imposed and must be applied to a base
which distributes the load effectively. Inequality
of weight distribution, I.e. a flywheel projecting
beyond the base, often necessitates various

sizes of isolator units under a common base to
produce the required deflection at all points.
Manufactures of isolating equipment publish ratings
and physical details of these units. Ratings are
published in terms of deflection under load and
maximum permissible loading. With an
understanding of the problem the designer can use
such data to select the necessary equipment for his
particular application.
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CHAPTER 2. CENTRIFUGAL REFRIGERATION MACHINE

Centrifugal refrigeration equipment is built for heavy-
duty continuous operation and has a reputation for 
dependability in all type of commercial and industrial 
applications.

This chapter presents data to guide the engineer in 
the practical application and layout of centrifugal 
refrigeration machines used for cooling water or brine at 
comfort air conditioning temperature levels.

A centrifugal refrigeration machine consists basic-ally 
of a centrifugal compressor, a cooler and a condenser.  
The compressor uses centrifugal force to raise the 
pressure of a continuous flow of refrigerant gas from the 
evaporator pressure to the condenser pressure.  A 
centrifugal compressor handles high volumes of gas and, 
therefore, can use refrigerants having high specific 
volumes.  The cooler is usually a shell-and-tube heat 
exchanger with the refrigerant in the shell side.  The 
condenser is also a shell-and-tube type utilizing water as 
a means of condensing; it may be an air-cooled or 
evaporative condenser for special applications.
TYPE OF CENTRIFUGAL REFRIGERATION
MACHINES

Centrifugal refrigeration machine nay be classified by 
the type of compressor:

1. Open compressors have a shaft which projects 
outside the compressor housing, requiring a seal 
to isolate the refrigerant space from the 
atmosphere.

2. Hermetic compressors have the driver built into 
the unit, completely isolating the refrigerant 
space from the atmosphere.

OPEN MACHINE
Open type equipment may be obtained for 

refrigeration duty in single units up to approximately 4500 
tons capacity at air conditioning temperature levels.  The 
compressor is normally designed with one or two stages, 
and is driven by a constant or variable speed drive.  
Compressors are usually driven at speeds above 3,000 
rpm and may operate up to 18,000 rpm.

The centrifugal drive may be an electric motor, steam 
turbine, gas engine, gas turbine or diesel engine.  An 
electric motor, gas engine or diesel engine usually 
requires a speed-increasing gear between the drive and 
the compressor.  Gas turbines operating at high speeds 
may require a speed-decreasing gear between the 
turbine and the machine.  Steam turbines are usually 
directly connected to the compressor.

Figure 14 illustrates the three basic components, 
compressor, cooler and condenser, as well as the 
refrigerant cycle.

Capacity can be varied to match the load by means 
of a constant speed drive with variable inlet guide vanes 
or suction damper control, or a variable speed drive with 
the suction control.
HERMETIC MACHINE

Standard hermetic equipment may be obtained in 
single units up to approximately 2000 tons capacity.  
They are normally designed with either one or two stages 
and are driven at a single speed.  The drive motor may 
be rither refrigerant- or water-cooled.

Fig. 14 – Open Centrifugal Machine
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A hermetic machine nay be drive at motor speed or, 
by means of a speed-increasing gear between the motor 
and compressor, at a single higher speed.  Figure 15 
illustrates the three basic components, compressor-
motor, cooler and condenser, as well as the refrigerant 
cycle.

Most machines use variable inlet guide vanes for 
capacity control.
APPLICATION

Centrifugal refrigeration machines were developed to 
fill the need for single refrigeration units of large capacity.  
A single centrifugal machine can be used in place of 
many reciprocating units.

Since the original on was installed (Fig. 16), 
centrifugal refrigeration machines have been known for:

1. Reliability
2. Compactness
3. Low maintenance costs
4. Long life
5. Ease of operation
6. Quietness
Open centrifugal machines are essentially 

multipurpose machines.  They are used in special and 
industrial applications requiring higher temperature lifts 
than normally encountered at air conditioning levels.  
They are flexible in regard to speed selection and 
staging, and are used for standard water chilling 
applications where one or more large capacity machines 
are required, or where a steam turbine, gas engine, gas 
turbine, diesel engine or special motor drive is desired.

The application of a gas engine or gas turbine drive 
to a centrifugal machine is particularly attractive when the 
engine or turbine exhaust gases can generate steam in a

waste heat boiler to produce additional refrigeration from 
absorption machine equipment.

Hermetic centrifugal machines are single purpose 
machines and are generally used for water chilling 
applications.  They are low in first cost because they are 
a factory package. They can be installed easily and 
quickly with a minimum of field problems involving motor 
mounting, coupling and alignment.
STANDARDS AND CODES

Equipment installation should conform to all codes, 
laws and regulations applying at the site.

The equipment should be manufactured to conform 
to the ASA B9.1 Safety Code for Mechanical 
Refrigeration.  This safety code requires conformance to 
the ASME Unfired Pressure Vessel Code

Specifications should call for conformance to these 
standards and codes to assure a high quality product. 
Pressure vessels are ASME stamped when required by 
the code.
UNIT SELECTION

The factors involved in the selection of a centrifugal 
machine are load, chilled water or brine quantity, 
temperature of the chilled water or brine, condensing 
medium to be used, quantity of the condensing medium 
and its temperature, type and quantity of power available, 
fouling factor allowance, amount of usable space 
available, and the nature of the load, whether variable or 
constant.

The final selection is usually based on the least 
expensive combination of machine and heat rejection 
device as well as a reasonable machine operating cost.

Load, chilled water or brine quantity, and 
temperature rise are all related to each other such that, 

Fig. 15 – Hermetic Centrifugal Machine Fig. 16 – The Original Centrifugal Machine (1922)
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when any two are known, the third can be found by the 
formula:

Where:
Sp ht = specific heat (1.0 for water)
Sp gr=specific gravity (1.0 for water)

Table 7 illustrates typical hermetic centrifugal 
machine chilled water ratings.  Ratings in tons based on 
various leaving chi l led and condenser water 
temperatures are given for a particular machine size. The 
ratings in bold face type require rated kilowatt input while 
those in italics require less input.

Brine cooling normally requires special selection by 
the manufacturer.

The choice of a chilled water temperature for sir 
conditioning applications should be carefully considered 
as pointed out in Part 6. the selection is an economic one 
since it involves the analysis of the owning the optimum 
chilled water temperature.

The selection of multiple machines for a common 
load is normally based on availability, reliability and/ or 
flexibility: available because of limitations to the physical 
size it is economical to handle a portion of the load when 
one machine compressor capacity to partial load 
requirements. As a general rule, seldom are multiple 
machine applications made on normal air condition loads 
less than about 400 tons.

When multiple machines are considered, series water 
flow thru the coolers may be advantageous (Fig. 17).  
Generally, the longer the piping distribution system, the 
higher the over-all chilled water rise. For instance, close-
coupled chilled water rise of about 8-10 degrees. 
Conversely, chilled water distribution system for a 
campus type operation would normally have an economic 
optimum rise of about 15-20 degrees. For the higher rise, 
series water flow thru the chillers may offer an operating 
cost saving. The first machine operates at a higher 
suction temperature which requires less power.

The optimum machine selection involves matching 
the correct machine and cooling tower as well as the 
correct entering chilled water rise.  A selection of several 
machine and cooling tower often results in finding on 
combination is possible to reduce the condenser water 
quantity and increase the leaving condenser water 
temperature, resulting in a smaller tower.

The use of an economizer can effect a power 
reduction for the compressor of as much as 6 % for the 
same cooler and condenser surface.  This same power 
reduction can be obtained by adding 15% to 30% more 
surface in the heat exchanger.  The method of saving this 
power is a machine design consideration and becomes a 
matter for the manufacturer to accomplish this reduction.  

Economizers can only be used with multi-stage 
compressors,

On low temperature, industrial applications where 
four or more stages are used, a two-stage economizer is 
generally justified.

Fouling factors used when the cooler and condenser 
are selected have a direct bearing on the system
economics. Too conservative a factor results in a high 
first cost while too low a factor increases operating cost 
by increasing the frequency of tube cleaning or 
increasing the costs of the water conditioning to maintain 
the low factor. Part 5 includes detailed effects of fouling 
on equipment selection, and suggests various fouling 
factors based on equipment and systems.

Table 8 lists the relative costs and resistance to 
corrosion of various metals and alloys for special cases 
where unusual water conditions require other than the 
standard copper tubing for either the cooler on the 
condenser.

Load (tons) = quantity (gpm) x temp rise (F) x sq ht x sq gr
24
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OPERATION COSTS
The power operating costs of an electrically driven 

centrifugal machine may be realistically determined by a
mechanical integration of power cost increments for the 
total operating hours of the machine as follows:

C = c(p1h1  +  p2 h2  +  p3h3  + ….. + pnhn)
Where:

C = annual power costs
c = cost per kilowatt hour, including demand and energy 

charges
p = power consumption for incremental percentage of 

nominal full load, expressed as
(1) motor kilowatt input, OR

(2)

(See Chart 2 for a typical hermetic centrifugal 
performance.)

h = hours of machine operation during the year at above 
percentage of nominal full load. (See Chart 3 for a typical 
graph showing percentages of full load vs operating 
hours.)

The annual power costs of auxiliary equipment may 
be calculated as follows:
               Power costs =    .746× bhp × hr×cost/ kw-hr
                                                          motor efficiency

DRIVE SELECTION
There are four types of drives in general use for 

centrifugal compressors.
1. Steam turbine
2. Variable speed motor
3. Constant speed motor
4. Constant speed engine
Steam turbines are ideally suited for centrifugal 

compressors. They afford variable rpm, permitting the 
compressor to operate at a minimum speed and brake 
horsepower. They usually have a good efficiency 
characteristic over the required speed range with 

motor output brake horsepower x .746
motor efficiency
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economy of operation. Refer to part 8 for additional 
information on drives.

Variable speed motors of the wound rotor type are 
used for open centrifugal machine applications because 
of the favorable starting inrush characteristics and the 
range of speed regulation. Capacity can be controlled by 
varying the speed manually or automatically, figure 18 
indicates that a rapid decrease in power input results 
when the speed is reduced

Motors normally used for a constant speed drive are 
the squirrel cage induction or synchronous type. It is 
sometimes possible to obtain a motor that has low 
starting current features and uses an across the line 
starter, thus saving on starting equipment cost when 
power company limitations on inrush current are satisfied.

Hermetic compressors use only induction type motor 
since they usually operate in a refrigerant atmosphere 
and do not require brushes or commutators which nay 
cause a breakdown of the refrigerant due to arcing.

Synchronous motors may be applied to advantage if 
a power factor correction is desired. Another method is to 
use a standard induction motor plus the necessary 
capacitor.

Natural gas engines may also be applied  as drive for 
centrifugal machine. Engine speeds normally range from 
900-1200 rpm, the lower speeds being used on 
applications having longer annual operating hours. 
Speed increasing gears are used between the engine 
and the centrifugal machine.

Centrifugal compressors have low starting torques; 
therefore, most drives can easily be matched with these 

machines.
However, not only must starting torque be checked, 

but also acceleration time required to bring the 
centrifugal up to speed. Too fast an acceleration time is 
not desirable because design stresses for keyways may 
be exceeded and lubrication problems may be created.  
Minimum recommended acceleration tome for open 
machines are available from the manufacturer.
GEARS

Speed increasing gears used for an open centrifugal 
compressor drive are usually the double helical (herring-
bone) type. The horsepower loss in the gear must be 
determine the motor horsepower

The selection of the proper gear for a particular 
centrifugal application depends on motor horsepower, 
motor rpm and compressor rpm. Water-cooled oil coolers 
are normally included with the gear.

CHART 2 – TYPICAL HERMETIC CENTRIFUGAL
PERFORMANCE
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MOTOR STARTING EQUIPMENT
Both hermetic and open centrifugals may require the 

more commonly applied starters. These are discussed in 
Part 8 and include across the line, statdelta, primary 
resistance, auto transformer, and primary reactors 
starters.
CONTROLS
CAPACITY CONTROL

If a centrifugal machine is to perform satisfactorily 
under a partial load, a means of effecting a capacity

reduction in proportion to the reduction of the 
instantaneous load is required.
Hermetic Centrifugal

Water temperature control is obtained by means of 
variable inlet guide vanes (Fig. 19) at the reduction of the 
instantaneous load is required.

This control reduces capacity by varying the angle at 
whit the suction gas is directed into eye of the impeller. It 
also conserves power because it promotes aerodynamic 
gas flow thru the compressor. The minimum partial load 
capacity of the machine is based upon the amount of gas 
leakage thru the fully closed capacity regulating vanes. 
Chart 2 shows a typical power input curve for a hermetic 

centrifugal machine operating with condenser water 
supplied from a cooling tower when the refrigeration 
loads closely follows the outdoor wet- bulb temperature. 
The curve is based on the design water flow being 
maintained at a constant rate for both the cooler and 
condenser.

A chilled water control thermostat automatically 
controls the leaving chilled water temperature. When the 
temperature changes, the thermostat signals the chilled 
water control to reposition the capacity regulating vanes 
which change the capacity of the machine to maintain the 
desired temperature. When the vanes reach the closed 
position and the leaving temperature continues to 
decrease to a predetermined minimum, the low chilled 
water temperature cutout switch stops the machine.

Open Centrifugal
Capacity control on an open centrifugal machine may 

be obtained with a suction damper (Fig. 20), variable inlet 
guide vanes, or variable speed drive (steam turbine, gas 
turbine, gas engine or wound rotor motor).

A suction damper is controlled by a thermostat in the 
leaving chilled water to reduce the capacity of the 
compressor by throttling the suction gas. The variable 
inlet guide vane control is identical to that discussed 
under Hermetic Centrifugal.

Variable speed drives may be controlled manually 
when the change in loading is gradual or when a suction 
damper is used for automatic control. Automatic speed 
control is used with steam turbine, gas turbine or gas 
engine drives. Automatic speed control provides very 
economical operation and requires less input than other 

Fig. 18 – Typical Machine Performance,
 Wound Rotor Motor

Fig. 19 – Typical Variable Inlet Guide Vanes
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methods of control. Automatic speed control of wound 
rotor motors is expensive and is seldom used.

Chart 4 shows the comparative performances of 
different methods of centrifugal compressor capacity 
control.
CONTROL OF SURGE

Surge is a characteristic of centrifugal compressors 
which occurs at reduced capacities. This condition is a 
result of the breakdown in flow which occurs in the 
impeller. When this happens, the impeller can no longer 
maintain the condenser pressure, and there occurs a 
momentary reversal of flow which is accompanied by a 
lowering of condenser pressure. This allows the impeller 
to function normally again, and the gas flow returns to its 
normal direction. The operation is stable unit the

condenser pressure builds primarily by the change in 
sound level of the machine.

Surge in a centrifugal machine does not occur at 
partial loads if the head or lift decreases sufficiently with 
the load.

Chart 5 shows a typical lift versus load diagram for a 
hermetic centrifugal. A series of curves is plotted 
indicating the compressor operating curves at different 
positions of the inlet guide vanes. Line B represents a 
series of operating points of a machine when the 
characteristic of the loading is such that the condensing 
temperature or the total lift of the compressor reduces as 
the loading also reduces. An example is a comfort air 
conditioning job using a cooling tower to provide the 
condenser water. As the outdoor wet-bulb decreases, the 
refrigeration load decreases and the condenser water 
temperature is reduced, allowing the condensing 
temperature to drop. Line A represents a series of 
operating points of a machine when the condensing 
temperature or lift remains almost constant or decreases 
only slightly. An example is the condition in which a fixed 
temperature of condenser water is available all year, or 
the condenser water temperature is still at the design 
temperature and a partial load condition exists as in a 
process application.

It can be seen from the chart that the line B does not 
enter the surge region until the loading is under the 
minimum load (approximately 10%). The line A enters the 
surge region above the minimum loading and, therefore, 
the machine needs some method of maintaining the 
loading above this point, such as a hot gas bypass.

To control surge occurring at partial load for either an 
open or hermetic centrifugal machine, a valved gas 
connection between the condenser and cooler is normally 
used to load the compressor artificially. The valve may be 
either manual or automatic (Fig. 21). As applied to open 
centrifugal machines, the automatic hot gas bypass valve 
is usually controlled in sequence with the automatic 
suction damper or with the speed of the compressor so 
that the valve starts to open just before the suction 
damper position or speed of the compressor indicates 
surge.

SAFETY CONTROL
Hermetic Centrifugal

The variable inlet guide vanes control capacity and 
are used to prevent motor overload in two ways:

1. When starting, the capacity regulating vanes 
remain closed until the motor is connected 

Fig. 20 – Suction Damper Control System
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across the line at full voltage and the current 
drawn is below full load current.

2. Motor overload control overrides the chilled 
water temperature control to prevent further 
opening of the vanes at 100% motor load. If the 
current drawn continues to rise above 100%, the 
vanes begin to close, reducing the motor load.

Similar controls may be obtained for an open 
centrifugal machine driven by a constant speed motor.

A typical ladder diagram of the safety controls for a 
hermetic centrifugal is shown in Fig. 22. Safety controls 
common to both the hermetic and open type of 
centrifugal machine are described as follows:

1. Condenser high pressure cutout switch stops the 
compressor when the condenser pressure 
becomes too high due to a condenser water

stoppage, excessive condenser scaling or air in 
the system.

2. Low refrigerant temperature cutout switch stop 
the compressor when the evaporator pressure 
becomes too low due to a chilled water 
stoppage, excessive cooler scaling, or 
insufficient refrigerant charge.

3. Low oil pressure cutout switch stops the 
compressor when the oil pressure drops below 
the required minimum and prevents either 
starting (on compressors with external oil 
pumps) or operating (on compressors with shaft-
driven oil pumps) the compressor motor before 
the oil pressure is up to the minimum.

4. Low brine or chilled water temperature cutout 
switch stops the compressor when the leaving 
brine or chilled water temperature drops below 
the minimum allowable temperature.

5. Chilled water flow switch stops the compressor 
when chilled water ceases to flow, and prevents 
a start-up of the compressor motor until chilled 
water flow is established (optional).

Open Centrifugal
A ladder diagram of the safety controls for a motor-

driven centrifugal is shown in Fig 23.
ELECTRICAL DEMAND CONTROL

This control can override the capacity control to limit 
the current draw during off-season operation. This allows 
operation of the machine without creating high electrical 
demand charges during months when full load capacity 
is not required. The control can be set to reduce the 
amount of current which can be draw by the motor down 
to as low as 40% of the full load amperage.

MULTIPLE MACHINE CONTROL
When two or more centrifugal machines are required 

to handle a load, they may be applied in a parallel or 
series arrangement of coolers. The arrangements are 
controlled in a manner similar to single machines.

Installations with machine coolers in parallel may 
utilize two or more machines. With series chilled water 
flow, the cooler pressure loss is cumulative and may 
become excessive if more than two machines are 
installed in series.
Parallel Arrangement

When two or more machines are installed with the 
coolers connected in parallel in the chilled water circuit 
(Fig. 24), each machine may control its own leaving 
chilled water at design temperature as in a single 
machine installation. The same throttling range should be 
used for each machine. As the system load is reduced, 
each machine reduces capacity simultaneously, thus 

CHART 5 – TYPICAL LIFT-LOAD DIAGRAM,
HERMETIC CENTRIFUGAL
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individually producing the same leaving chilled water 
temperature.

When each cooler is provided with a separate chilled 
water pump, the pump and cooler may be shut down 
during partial load operation. This means the system must 
be able to operate with a reduced chilled water flow and 
the pump motors should be selected so they do not 
overload when one of the other pumps is shut down.

If only one pump is provided (Fig. 25) or both pumps 
are operated continuously, when one machine is shut 
down, the remaining machine must provide colder water

than design in order to bring the mixture temperature to 
design. When low design temperatures are required, 
proper controls should be installed to prevent the 
machine from cycling on the low chilled water 
temperature cutout switch.

In parallel or series arrangement of hermetic 
centrifugal machines, less total power is required to 
operate both machines simultaneously down to 
approximately 35% load than to run only one, throttling it 

to the load. This occurs because the surface area in the 
cooler and condenser is greater at light loads in 
proportion to the load. The effect may be seen in the 

shape of the load versus percent kilowatt input curve 
(Chart 6). Note that above approximately a 35% load, less 
power is required to operate both machines.

Fig. 22 – Typical Safety Control System, Hermetic Machine
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The expense of extra controls to equalize the 
operating time of multiple machine arrangements is not 
required. When using reciprocating equipment, changing 
the order of starting and stopping multiple compressor 
arrangements is sometimes justified. Due to the absence 
of wearing parts in a centrifugal machine, this changing is 
seldom used.
Series Arrangement

When coolers are connected in series, equal 
reduction of loading of each machine produces the best 
power consumption. The throttling range of the high stage 
machine must be adjusted to insure that each machine 
handles the same percentage of the system load, at 
design and at partial load conditions.

In any series selection the throttling range required 
on the high stage machine equals the chilled water 
temperature drop thru the low stage machine plus the 
throttling range of the low stage machine.

Figure 17 shows a series cooler arrangement of two 
hermetic centrifugal machines and controls. The extra

thermostat (return water thermostat) is used to cut in and 
cut out the first machine at light loads.
PURGE UNIT

A purge unit for a centrifugal machine may be either 
a thermal or a compressor type.

The purpose of the unit is to evacuate air and water 
from the centrifugal machine and to recover and return 
refrigerant which is mixed with the air. Even though a 
machine may be perfectly airtight, it may develop a water 
leak which is detected only by operation of the purge 
system. If water is allowed to remain in the machine, 
serious damage to tubes and other internal parts can 
result.

The compressor type purge unit operates 
independently by means of a small reciprocating 

compressor to remove the air, moisture and a small 
quantity of refrigerant from the condenser.

The thermal type purge unit operates on a pressure 
differential principle, and a reciprocating compressor is 
not required.

Fig. 24 – Parallel Arrangement of Two Machine
(Two Pumps)

www.HVAC-ENG.com



Part 7. Refrigeration Equipment  |  Chapter 2. Centrifugal Refrigeration Machine

Although the purge unit performs a highly efficient 
job of removing refrigerant from the air being purged, it is 
physically impossible to recover all the entrained 
refrigerant; some is always lost.

Table 9 shows an approximation of the normal 
refrigerant loss to be expected with a centrifugal 
machine. It must be realized that the actual loss varies 
widely from one installation to the next; this variation is 
based on machine tightness, frequency of purging and 
other factors.
INSULATION

The cooler, suction piping and other cold surfaces 
should be insulated to prevent sweating. Float valve 
chambers, water boxes and other parts of the machine 
which may require servicing should be provided with a 
removable type of insulation, such as sheet metal covers 
filled with granulated cork.

Various types of insulation can be used, such as 
vegetable cork, closed cell foamed plastic and expanded 
polystyrenes.
LOCATION

Machine location and layout should be carefully 
studied when applying a centrifugal machine. The 
location of the machine directly influences the economic 
and possibly the sound level aspects of any system.

The construction of the room where the machine is 
located should contain mass to reduce transmissibility of 
noise to surrounding spaces and should also provide
acoustical treatment to maintain reasonable sound levels 
in the room.

A floor adequately strong and reasonably level is all 
that is required for the location of a hermetic centrifugal 
machine. However, though the foregoing statement may 
be taken literally, it is to the engineer’s advantage to 

consider other aspects relative to the location of the 
machine.

1. It should be located so that the installation costs 
of the piping between the unit and the equipment 
it supplies and the costs of the wiring or piping of 
the services to the unit are at a minimum.

2. There should be sufficient space near the 
machine for auxiliary equipment such as chilled 
and condenser water pumps and piping.

3. There should be adequate clearances around 
the machine for access and servicing.

In new construction on upper floors, steel floor 
framing should be laid out by the architect or consulting 
engineer to match machine supports in order to transfer 
loads to the building columns. On upper floors in existing 
buildings, the use of existing floor slabs should be 
avoided. Supplementary steel framing for transferring all 
machine loads to building columns should be designed 
by the structural engineer.
LAYOUT

In the layout of centrifugal refrigeration machines, 
consideration should be given to nozzle arrangements.
NOZZLE ARRANGEMENT

Cooler – When arranged for multi-pass, water should 
enter the bottom tubes and leave thru the top tubes. This 
method gives the best efficiency and promotes venting of 
any air trapped inside the tubes.

Condenser – When arranged for multi-pass. Water 
should enter the top tubes first. This provides the coldest 
surface at the top of the condenser shell to stratify 
noncondensables for proper purging.

The nozzle arrangement chosen for both cooler and 
condenser should result in a minimum number of chilled 
water and condenser water pipe fittings, the optimum 
access to the centrifugal and auxiliary equipment, and a 
neat appearance.
OUTDOOR INSTALLATION

A hermetic centrifugal machine is basically designed 
for indoor operation. Outdoor installation is usually not 
encouraged. The machines should not be located 
outdoors when they may be subjected to freezing 
temperatures.

A simple heated structure enclosing the machine is 
preferred since complete protection for the machine, 
instruments, starter and auxiliary equipment is provided. 
Erection of such an enclosure may be less costly than the 
outdoor installation precautions which may be required. If 
it is necessary to the manufacturer for recommendations 
and precautions.
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UNIT ISOLATION
Normally, only the hermetic compressor assembly is 

isolated from the floor with moulded grooved neoprene 
isolation pads. For upper story installations, isolation pads 
may also be required under the feet of the cooler. In the 
case of highly critical installations, spring isolators may 
be required under the compressor assembly and cooler, 
in which case auxiliary pumps and piping should be 
isolated.

The base which holds the open compressor and its 
driver is designed for each individual job. With a steel 
base design, the complete unit is mounted on an 
independent fabricated steel foundation. With a concrete 
type of base, the various components are mounted on 
individual steel plates which are anchored to the 
concrete.

Fig. 26 shows a depressed concrete base isolated 
from the adjoining floor with mastic.

Cork is not a satisfactory isolation material for most 
applications. Under no conditions should it be considered 
for isolation on an upper floor of a building where the 
least amount of vibration would be objectionable. 
However, four-inch thick cork pads may be used in 
noncritical locations.

The machine foundation should be located away 
from building column footings.  In order to do a first class 
job such as may be required on an upper floor, spring 
mounting should be used. Sandwich type spring 
mountings, although nonadjustable, may also be used 
under a metal pan into which the concrete is poured.

When spring isolation is used, flexible rubber 
connections are recommended at the points where the 
chilled and condenser water piping is connected to the 
cooler and condenser to take up the movement of 
machine and base when starting and stopping.

Fig. 26 – Depressed Concrete Base (Isolated From Floor)
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CHAPTER 3. ABSORPTION REFRIGERATION MACHINE

The absorption refrigeration machine is a water 
chilling package which uses heat directly without the use 
of a prime mover, thus utilizing the heating facilities on a 
full time, year-round basis. Because of its compactness 
and vibration less operation, it can be installed anywhere 
space and a heat source is available, from basement to 
roof.  It uses the cheapest, safest and most available of 
all refrigerants, ordinary tap water. Its absorbent is a 
simple salt.

This chapter presents data to guide the engineer in 
the practical application and layout of absorption 
refrigeration equipment when used for comfort air 
conditioning systems.
APPLICATION

Since heat in the form of steam or hot water is 
generally the operating force of an absorption machine, 
the following situations are favorable to the application of 
absorption refrigeration machines:

1. Where low cost fuel is available, as in natural gas 
regions.

2. Where electric rates are high.  Whenever the 
cost of steam in dollars per thousand pounds is 
less that fifty times the cost of electricity in 
dollars per kilowatt, a lower operating cost can 
be expected for the absorption machine. This is 
approximately the break-even point in operating 
cost (at design) between this machine and the 
electrically driven compressor. The cost of steam 
is shown graphically in Chart 7 for different fuels.  
Comparison curves in Chart 8 indicate the 
operation cost of refrigeration for various costs of 
steam and electricity when applied to an 
absorption and centrifugal machine respectively. 
Demand charges should be included in the 
average electric cost of a steam turbine-driven 
centrifugal and an absorption machine, a straight

CHART  7      COMPARATIVE COSTS OF STEAM
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steam rate per ton of refrigeration is not a proper 
criterion. To obtain a correct analysis, the total 
system heat input should be used.

3. Where steam or gas utilities are desirous of 
promoting summer loads.

4. Where low pressure heating boiler capacity is 
largely or wholly unused during the cooling 
season.

5. When waste steam is available.
6. Where there is a lack of adequate electric 

facilities for installing a convention compression 
machine. Since the absorption machine uses 
only 2-9% of the electric power required by 
compression type equipment, its use becomes 
attractive where emergency stand-by power is 
requires, as in hospitals.

The absorption machine can be installed in 
practically any location in a building where the floor is of 
adequate strength and reasonably level. The absence of 
heavy moving parts practically eliminates vibrations and 
reduces the noise level to a minimum.

Absorption machine may be applied also in 
conjunction with gas engines or turbines and with 
centrifugal machine can use as its heat source the steam 
or hot water made in a waste heat boiler or the jacket 
cooling water from a gas engine (250 F or higher).
STANDARDS AND CODES

The location and installation of absorption machines 
should be made in accordance with local and other code 
requirements.  Water and/ or steam piping to and from 
the machine should conform to applicable codes.

The Safety Code for Mechanical Refrigeration ASA 
B9.1 requires conformance with the ASME Unfired 
Pressure Vessel Code. Specifications should require 
conformance with these standards to assure a high 
quality product.  Pressure vessels are ASME stamped 
when required by the code.
DESCRIPTION

The absorption machine is a water-chilling package 
using water as a refrigerant and a salt solution such as 
lithium bromide as an absorbent.  It consists of the 
following major components:

1. Evaporator Section where the chilled water is 
cooled by the evaporation of the refrigerant 
which is sprayed over the chilled water tubes.

2. Absorber Section where the evaporated water 
vapor is absorbed by the absorbent.  The heat of 
absorption is removed by condenser water 
circulated thru this section.

3. Generator Section where heat is added in the 
form of steam or hot water to boil off the 

refrigerant from the absorbent to reconcentrate 
the solution.

4. Condenser Section where the water vapor 
produced in the generator is condensed by 
condenser water circulated thru this section.

5. Evaporator Pumps which pumps the refrigerant 
over the tube bundle in the evaporator section.

6. Solution Pumps which pump the sat solution to 
the generator and also to the spray header in the 
absorber.

7. Heat Exchanger where the dilute solution being 
pumped to the generator from the absorber is 
heated by the hot concentrated solution which is 
returned to the absorber.

8. Purge Uni t  which is used to remove 
noncondensables from the machine and to 

maintain a low pressure in the machine.
Figure 27 shows a schematic of an absorption cycle.  

The machine may be constructed in one, two or more 
shells or sections depending on the manufacturer or the 
application.
UNIT SELECTION

The factors influencing the selection of an absorption 
machine are load, chilled water quantity, temperature of 
the chilled water, condenser water source, condenser 
water temperature, condenser water quantity, fouling 
factor allowance, and heat source.  The final selection is 
usually based on the least expensive combination of 
machine and cooling tower as well as a reasonable 
machine operating cost.  The absorption machine can be 
utilized with any conventional open or closed circuit 
chilled water system.

Load, chilled water quantity, and temperature rise are 
all related to each other so that, when any two are known, 
the third can be found by the formula:

Table 10 illustrates typical absorption machine 
chilled water ratings using steam as the energy source.  
Ratings in tons based on various leaving chilled water 
temperatures, entering condenser water temperatures 
and steam pressures are given for a particular machine 
size.

The chilled water temperature should be carefully 
chosen rather than casually or assumed.  The proper 
determination of water quantity and temperature for 
chilled water coils is discussed in part 6.  When low water 
quantities and a high rise (15 to 20 degrees) are required 
for the chilled water system, the use of two machines 
piped in series may be an economic advantage since

Load (tons) = water quantity (gpm) x temp rise
24
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one machine operates at a higher level and requires less 
heat input.

Almost any source of condenser water is suitable for 
use in an absorption machine, provided it is of a good 
quality.  Cooling towers are generally used, but river, lake 
or well water can also be used when available in sufficient 
quantity and temperature.

If the condenser water source is a lake, river, well or 
existing process water, the maximum expected water 
temperature should be used in selecting the machine.  
The water quantity required depends on the temperature 

and load.  When a cooling tower is to be used in 
conjunction with the absorption machine, the tower 
selection should be matched to the machine selection to 
provide the most economical combination.  In many 
cases the optimum tower selection will indicate a 
condenser water temperature higher than the 
temperature normally estimated, which is usually 7 to 10 
degrees above the design wet-bulb temperature.  This 
may mean a considerable saving in cooling tower cost by 
reducing the size of the tower.  Since this is a heat-
operated machine, the heat rejection to the cooling tower  

FIG. 27 – SCHEMATIC OF BASIC ABSORPTION CYCLE
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is approximately two-time that of a motor-driven 
refrigeration machine.  The cooling tower used with the 
absorption machine is usually about 75% larger than that 
used with temperature drop thru the tower is usually 
about 17 to 20 degrees.  Refer to Chapter 5 for details on 
the economics of the cooling tower selection.

Typical fouling factor allowances which should be 
used for the chilled water and condenser water system in 
the selection of the machine are given in Part 5, Water 
Conditioning.  Generally a minimum factor of .0005 is 
used for both a closed recirculating chilled water system 
with conditioned water.

Absorption machine normally use either low-pressure 
steam or high temperature limits are usually defined by 
the manufacturer, although 12 psig steam pressure or a 
leaving hot water temperature of 240 F and a temperature 
drop of 160 degrees are usually considered as maximum 
values.  When the temperature or pressure (energy 
source) exceeds the machine design limits, methods 
such as a steam pressure reducing valve, a steam-to hot 
water converter, a hot water-to-steam converter, a water-
to-water heat exchanger, or a run-around system, 
blending return water with supply water can be used to 
reduce the energy source to the acceptable limits.  Other 
energy sources that may be adapted for use in the 
absorption machine are hot chemical solutions or 
petroleum.

Whenever the capacity requirements are less than 
the capacity of the machine, a lower operating steam 
pressure should be considered.  This usually permits a 
lower steam rate and a lower total steam consumption.  
The condenser water quantity must be maintained at full 
nominal flow for this condition.  This also may allow the 
machine to operate, using heat boiler.
OPERATING COSTS

An important aspect of the economics of an 
absorption machine other than the first cost is the 
operating cost.

The annual steam cost may be accurately 
determined by means of a mechanical integration of 
steam cost increments for the total operating hours of the 
machine as follows:

C = c (s1 h1 +  s2 h2 + s3 h3 + …. + sn hn)
Where: C = annual steam costs

C = cost per 1000 1b steam
                                          1000

s = steam consumption for incremental percentage of nominal 
full load (pounds of steam / hour). Steam consumption for 
each percentage increment is found by multiplying the 
steam rate (lb / hr / ton) at each percentage increment 
(Chart 9) by the load (tons) at each increment. 

TABLE 10 – TYPICAL ABSORPTION MACHINE RATINGS
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h = hours of operation during the year at percentage of 
nominal full load. (See Chart 10 for typical graph showing 
percentage of full load vs. operating hours).

When comparing differences in operating costs 
between absorption machines and turbine drive 
centrifugals, steam rates can be misleading unless the 
proper steam costs are used for each machine.  The 
amount of heat used or fuel consumed may be identical 
although the steam rates are considerably different.  
Example 1 illustrates that the steam rates for each 
machine may be different, but the total heat required is 
the same.
Example 1 – Comparison of Heat Requirements
Given:

Chilled water temperature from chiller = 45 F
Available condenser water temperature = 85 F
Absorption machine:

Steam supply = 12 psig
Steam rate = 19 lb/ hr/ ton

Turbine driven centrifugal:
Steam supply = 125 psig
Condensing pressure = 26 in. vacuum
Steam rate = 17 lb/ hr/ ton

Find:
Amount of heat used for each machine (Btu/ hr/ ton).

Solution:
Absorption machine

Total heat of steam at 12 psig = 1161.7 Btu/ lb

Heat of liquid at 212 F leaving machine = 180.0 Btu/ lb
1161.7 – 180.0 = 981.7 Btu/ lb steam
981.7 Btu/ lb × 19 lb/ hr/ ton = 18,7000 Btu/ hr/ ton

Turbine driven centrifugal
Total heat of steam at 125 psig = 1192.4 Btu/ lb
Heat of liquid at 26 in. vacuum or 125 F = 92.9 Btu/ lb
1192.4 – 92.9 = 1099.5 Btu/ lb steam
1099.5 Btu/ lb × 17 lb/ hr/ ton = 18,700 Btu/ hr/ ton

This indicates that the amount of heat used for each 
type of machine is the same even when the steam rates 
are different.

Because a correct analysis of owning and operating 
coats used total system heat input as a criterion rather 
than a straight steam rate per ton of refrigeration, steam 
costs must be properly calculated and weighted.

The annual power costs of the auxiliary equipment 
may be calculated as follows:

STEAM BOILER SELECTION
Any boiler capable of modulating its input to maintain 

design operating steam pressure within plus or minus one 
pound is suitable for absorption machine application.  
This includes:

1. All gas – and oil-fired boilers, since their control
is flexible enough to meet this requirement.

Power costs = .746 x bhp x hr x cost / kw-hr
motor efficiency

CHART 9 – STEAM RATES FOR VARIOUS METHODS OF CONTROL
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2.   Coal-fired boilers, when the absorption machine
never represents more than 15% of the operating
load on the boilers.  This is because of the slow
build-up and shutdown characteristics which
limit their flexibility to adjust to the load.
Therefore, these boilers are generally limited to
large industrial jobs where the steam is being
generated in large quantities year-round for other
processes.

If the job conditions require that the absorption
machine pick up the load rapidly at start-up, it is
recommended that the boiler capacity be based on the
start-up steam demand of the machine.  This demand is
the maximum amount of that the machine can condense
at start-up, and must be obtained from the manufacturer.

If the boiler is selected to supply only the full load
steam consumption as determined by the machine
selection, the boiler temporarily overloads on start-up.
This overloading usually affects most boilers by
temporarily lowering the steam pressure.  This condition

is generally not detrimental to low pressure boilers or the
absorption machine.  If an overload is anticipated, the
boiler manufacturer should be consulted for his
recommendations.

The net boiler rating should be used to determine its
capacity when applied to an absorption machine.

Steam shutoff valves are not necessary for the proper
operation of the absorption machine.  However, a manual
steam shutoff valve is recommended to isolate the
machine during long shutdowns.
CONDENSATE RETURN SYSTEMS

The steam-operated absorption machine requires
either a steam trap or a direct return to the boiler thru wet
return arrangement.

If single traps of adequate capacity are not available,
multiple traps in parallel should be used.  Either an
inverted bucket or float and thermostatic trap may be
used.  The operation steam pressure should be used as
the inlet pressure to the trap, neglecting the small
pressure loss in the generator tubes.  The trap discharge
pressure depends on the type of return system, and must
be determined for the individual application.

A properly sized condensate receiver permits
variation of the condensate quantity in the return system
from maximum to minimum, with an adequate reserve for
the maintenance of boiler feed water requirements.

The most common condensate return system is the
steam trap vented receiver type (Fig. 28).  The steam trap
insures condensation of all the steam in the absorption
machine.

A condensate piping arrangement generally known
as a wet return (Fig. 29) is preferable whenever possible.
When used under the proper conditions, steam can be
returned by gravity from the absorption machine to the
boiler without the use of a steam trap.  A wet return
should not be used if the cost of installation is
unreasonably high as compared to the cost of a steam
trap discharging into an existing condensate return
system.  An existing wet return condensate system
should be checked for adequate capacity before using.

It is generally not practical to utilize an existing
vacuum pump condensate return system for  an
absorption machine because the condensate is far higher
in temperature than for which the return pump was
originally selected.  This hot condensate flashes and
causes vapor binding of the piping and/ or vacuum return
pump.  A separate wet return system is recommended
where possible.  Where impossible, the condensate may
be discharged thru a steam trap to an atmospheric vent
receiver and then thru a second trap into the cooled to an
acceptable level in a heat exchanger and discharged to
the vacuum pump condensate system.  Any cold water

CHART 10 – TYPICAL GRAPH, PERCENT FULL
LOAD VS OPERATING HOURS
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source, which may be benefited by the heat rejected, can be used

CONTROLS
Items which require control are:
1. Condenser water temperature
2. Chilled water temperature
3. Energy source
4. multiple machines

CONDENSER WATER TEMPERATURE CONTROL
Normally a wide range of condenser water 

temperatures can be used in the selection of an 
absorption machine.  However, once a particular inlet 
temperature is established, this must be maintained 
within definite limits.

A bypass type control may be required to maintain 
inlet temperature.  The need for bypass control is 
determined by the rate and degree of temperature 
change of the water form the cooling tower or other 
source of condenser water.  Refer to the manufacturer for 
specific requirements on the necessity of condenser 
water control.  The rate and degree of temperature 
change of well water is generally negligible; therefore, a 
bypass control may not be required.  The rate and 
degree of temperature change of water from a cooling 
tower is generally substantial; therefore, a bypass control 
is necessary.

The bypass must be capable of limiting the variation 
in condenser water temperature to 10 degrees and

FIG. 29 – SCHEMATIC OF CONDENSATE PIPING USING A WET RETURN
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FIG. 30 –  SCHEMATIC OF BYPASS PIPING USED WITH A
COOLING TOWER

bringing the temperature to operating level quickly.  To 
meet the latter condition, the bypass must always be 
designed and sized to bypass the total condenser water 
flow.

The control system design and valve selection are 
determined from various combinations of the following:

1. Source of condenser water.
2. Relative locations of the machine and cooling

tower.
3. Number of absorption machine and other

equipment served by the cooling tower.
Figures 30 and 31 show the most common methods

of bypass piping.
Figures 32 is an alternate bypass design and can be

used only if the cooling tower is above the absorption
machine. Considerable time must be spent to assure that
the bypass with the two-way valve is properly applied.
Therefore, this approach should only be used when it

NOTES:
1. Size the bypass 3-way diverting valve for 100%  condenser water flow.
2. When two absorption machine are installed, the use of separate condenser
water pumps and bypass 3-way diverting valve is recommended. Otherwise,
size the bypass valve for combined flow to insure a pressure at point A that is
always higher than the pressure at point D plus the pressure differential between
points A and C, even when one machine is valved out if the circuit.
3. Install the thermostat with thermal bulb in the mixed water adjacent to the
bypass line rather than close to the machine.

FIG. 31 – SCHEMATIC OF BYPASS PIPING USED WITH A
CENTRAL WATER SOURCE

offers a great economic advantage over the smaller
three-way valve.

Figure 33 illustrates throttle control which is
applicable to condenser water system that utilize river,
lake or well water when full load capacity is not required
as the condenser water temperature drops.

These figures illustrate the proper location of the
condenser water temperature control valve and
schematically show the related condenser water piping.
The actual piping layout should be made in accordance
with Part 3, Piping Design.

When the cooling tower or open drain is below the
machine, the piping should contain a loop above the
outlet of the condenser nozzle. This prevents the water
from draining out of the condenser at shutdown or low
flow conditions encountered in throttle type control
applications. A vacuum breaker should be installed at the
high point of the loop to prevent siphoning of the line.

The bypass valve is usually either a three-way
diverting or two-way throttling valve of the globe body
type with a linear flow characteristic.

The bypass should be sized and located, and the
condenser water pumps selected so that, when water is
being bypassed, the flow thru the machine is not
increased more than 10%; this prevents over
concentration in the generator and minimizes any
increase in pump brake horsepower.
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NOTES:

1. Size the bypass valve and pipe for the unbalanced static head of the
cooling tower  (dimension H) and 100% condenser water flow.

2. Locate the bypass line and valve next to the cooling tower base level.
3. If the bypass line and valve cannot be located next to the cooling tower

base level, use the arrangement shown in Fig. 30
4.  When two absorption machines are installed with a common condenser

water pump and a common cooling tower, one bypass line and valve
should be installed and sized for the unbalanced static head of the tower.
Locate the valve next to the tower base level.

5. When two absorption machines are installed with individual condenser
water pumps and a common cooling tower ,  individual bypass line and
valves may be installed, each sized and located as specified for a single
machine.

6  Install the thermostat adjacent to the bypass valve, and the thermal bulb
in mixed water adjacent to the bypass line rather than close to the machine

CHILLED WATER TEMPERATURE CONTROL
If an absorption machine is to perform satisfactorily

under partial load, a mean of effecting a capacity
reduction in proportion to the instantaneous load is
required.  Capacity reduction may be accomplished by
steam throttling, control of condenser water flow, or
control of reconcentrated solution.  For some hot water
machines capacity reduction may be accomplished by
means of hot water throttling.

These various methods are all used as means to
control the ability of the machine to reconcentrate the
solution which is returned to the absorber.  The more
dilute the concentration in the absorber, the less capacity
the machine has to chill the water.

Chart 9 shows the comparative performances of
these four types of absorption machine capacity control.
It is seen that the solution control gives the best steam
rate at partial loads; this is where the machine is operated

NOTES:
1. Size the throttle valve for 100% condenser water flow.
2. Install the thermostat with the thermal bulb in the condenser water leaving the
absorber.

most of the operating season.  This lowered steam rate is
possible because only enough solution must be
reconcentrated to match the load.  Scaling is minimized
because the condensing temperature is maintained at a
minimum.
ENERGY SOURCE CONTROL

When using steam as the energy source, the
pressure must be maintained within one pound of the
design pressure, either by the boiler controls or by a
pressure reducing valve if high pressure steam is used.

A back pressure regulator valve to limit steam
demand on start-up is rarely.  It may be required if the
absorption machine represents most of the load, and if a
temporary lowering of the boiler pressure affects
operation of the other equipment operated from the
boiler.  It may also be required where a sudden loss of
boiler and/ or causes other detrimental effects on the
boiler priming.

When high temperature hot water is the energy 
source, a control valve is usually required to control the 
hot water flow thru the machine.  A two-way throttling or 
three-way mixing valve is controlled either by a 
thermostat located in the hot water leaving the machine or 
by a chilled water thermostat thru a high limit thermostat 
located in the leaving hot water.  The two-way valve 
should only by used if it does not adversely affect the hot 
water boiler circulation or the circulation pump.  The 
three-way valve provides a constant flow and is the one 
most often used.
* Use if full load capacity is not required when the temperature drops at the cold 
water source. The  ability of the machine to produce full load capacity is not 
affected when this type of control is applied to condenser water systems where 
the temperature at cold water source is constant, as in ground wells. The throttle 
valve in such system is used to conserve water rather than maintain condenser 
water temperature control.

FIG. 32 – ALTERNATE SCHEMATIC OF BYPASS USED
ONLY WITH A COOLING TOWER LOCATED ABOVE

ABSORPTION MACHINE

Fig. 33 – Throttle Control For Once-Thru Condenser
Water Systems*
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MULTIPLE MACHINE CONTROL
Absorption machines may be applied to parallel and

series arrangements of coolers.
Installations with machine coolers in parallel may

utilize two or more machines.  With series chilled water
flow the cooler pressure loss is cumulative and may
become excessive if more than two machines are
installed in series.
Parallel Arrangement

When two or more machine are installed with the 
cookers connected in parallel in the chilled water circuit 
(Fig. 34), each machine should control its own leaving 
chilled water at design temperature as in a single 
machine installation.  The same throttling range should be 
used for each machine.  As the system load is reduced, 
each machine automatically reduces capacity 
simultaneously, thru individually producing the same 
leaving chilled water temperature.

Operating all machine simultaneously down to
minimum load provides the best total steam consumption
and the most economical operation when using solution
control.  There is no economic advantage in shutting
down any of the machines at partial load since the steam
consumption for two machine operating at full load.
Since there is a minimum of moving parts, there is not
reason to shut down a machine to prevent its wearing out.

It is recommended that each machine cooler be
provided with a separate chilled water pump on the
normal air conditioning application.  The pump and pump
motors should be selected so that the pump motor is not
overloaded if one or more machine and their pumps are
shut down.

If separate pumps are not provided and a machine is
required to be shut down, provision should be made to
shut off the chilled water flow and condenser water flow
after the shutdown cycle is completed.
Series Arrangement

When the coolers are connected in series (Fig. 35),
equal reduction of loading of each machine produces the
best steam consumption.  The throttling range of the high
stage machine must be adjusted to insure that each
machine handles the same percentage of the system
load, both at design and at part load conditions.

In any series selection, the range requires on the
high stage machine equals the chilled water temperature
drop thru the low stage machine plus the throttling range
of the low stage machine.

Figure 36 shows the chilled water temperature data
from a typical two-machine with coolers in series flow.
Note that, while the throttling range on the low stage
machine (No. 2) is the generally recommended 3
degrees, the throttling range on the high stage machine

(No. 1) must be adjusted to 9.4 degrees if both machines
are to be proportionally reduced to zero load.

Figure 37 shows the chilled water temperature data
from typical two-machine installation with coolers in
parallel flow.  In this case the throttling range on both
machine is identical.

Figure 38 indicates the steam consumption for a
1000 ton load for the types of systems and shows that
series operation above about 350 tons used less steam
than parallel operation.  The series arrangement has a
lower operating cost and generally permits the use of a
smaller machine so that the first cost is less.
SAFETY CONTROL

The absorption machine should be provided with 
safety controls to prevent damage to the machine.  These 
controls are described as follows:

1. Low temperature cutout shuts down the machine 
to prevent ice formation and tube damage when the 
chilled water temperature falls below the minimum 
allowable temperature.
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2.  Solution pump and evaporator pump auxiliary 
contacts shut down the machine when either of these 
pumps becomes inoperative.

3. Chilled water or condenser water flow switches or 
their pump’ s auxiliary contacts shut down the machine 
when flow is interrupted in either circuit.
PURGE UNIT

A purge un i t  i s  requ ired to  remove a l l  
noncondensables and to maintain a low pressure in the 
absorption machine.  The purge unit must be able to 
maintain a pressure below the pressure in the absorber.

INSULATION
The absorption machine requires insulation 

principally to prevent sweating and the resultant corrosive 
action on cold surfaces.  It may also be used to minimize 
machine room temperatures and to cover exposed hot 
lines in or near traffic areas.

Some of the items which may require insulation are:
1. Chilled refrigerant lines and pump
2. Chilled water boxes
3. Generator shell

 4. Generator nozzles and headers
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5. Solution heat exchanger
6. Hot solution piping.
The cold surfaces may be insulated with flexible 

fiberglass, closed cell foamed plastic, expanded 
polystyrenes, plaster or plaster tape, and should include 
a vapor seal.  Water boxes which require removal should 
be insulated with a removable type of insulation such as 
sheet metal covers with a granulated fill.

The hot surfaces such as the generator shell may be 
insulated with a blanket type or low-pressure boiler 
insulation.  The generator nozzles and headers should 
use a removable insulation such as a granulated fill in a 
sheet metal cover.  The hot solution piping requires 
flexible insulation similar to the type used on the cold 
piping.
LOCATION

The location of the absorption machine directly 
influences the economic aspects of the system.  A floor 
adequately strong and reasonably level is all that is 
requires for the location of an absorption machine.  
However, it is to the engineers advantage to consider 
other aspects of machine location.

1. It should be located so that the installation costs 
of the piping between the unit and the equipment 
it supplies and the wiring and piping of the 
services to the unit are at a minimum.

2. There should be sufficient space near the 
machine for auxiliary equipment such as chilled 
water and condenser water pumps and piping.

3. There should be adequate clearances around 
the machine for access, servicing, and tube 
pulling or cleaning.

Many absorption machines along with their boilers 
and auxiliaries are installed on upper floors or roofs of 
buildings because the location has many advantages.

1. It allows the basement areas normally used for 
such mechanical equipment to be available for 
profitable use.

2. It eliminates many of the pipes and shafts thru 
out the building.  The only services required thru 
the building are a small fuel line to the boiler, an 
electric feeder and the normal drain lines.

3. Equipment room ventilation is simplified.
4. All mechanical equipment can be located in the 

same relative area, providing for better 
maintenance and supervision.

5. It eliminates a long boiler stack and long steam 
relief lines.

6.   Pumps and water boxes do not have to be 
designed for high pressures, as may be 
expected in tall buildings.

LAYOUT
NOZZLE ARRANGEMENT

The nozzle arrangement chosen for chilled and 
condenser water should result in a minimum number of 
chilled and condenser water pipe fittings, should allow 
proper access to the machine and auxiliary equipment, 
and should present a neat and attractive appearance.
OUTDOOR INSTALLATION

The absorption machine is designed for indoor 
operation.  Outdoor locations are usually not encouraged.

A simple heated structure enclosing the machine is 
generally preferred, and erection of the enclosure may be 
less costly than the precautions that may be required.  If it 
is necessary to install the machine outdoors, refer to the 
manufacturer for his recommendations and precautions.
UNIT ISOLATION

A rubber isolator is normally used under the leg 
supports of the machine.  Such isolation together with the 
required isolation of the chilled water and condenser 
water pumps and the piping to and from the machine is 
usually sufficient for a satisfactory installation.
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CHAPTER 4. COMBINATION ABSORPTION-CENTRIFUGAL SYSTEM

A combination refrigeration system is well suited to 
may large tonnage air conditioning systems to may large 
tonnage air conditioning systems where operating 
economy is important and medium or high pressure 
steam is planned as the driving force.

This chapter includes System Description, System 
Feature, Engineering Procedure and Controls.

As with all applications an owning and operating cost 
analysis should be made before selecting any specific 
refrigeration equipment. However, the combination 
system is generally most attractive on large tonnage 
building complexes such as college campuses and 
industrial processes requiring water at air conditioning 
temperature levels.

Also, on existing systems where more air 
conditioning is planned, this increased load can often be 
added without increasing refrigeration energy 
requirements by either of the following alternatives:

1. If about 1/3 more load* is planned, a back 
pressure steam turbine driven centrifugal 
refrigeration machine can be added to existing 
absorption equipment.

2. If about 2/3 more load* is required, absorption 
equipment can be added to centrifugal 
refrigeration equipment.  Normally this entails the 
substitution of a back pressure turbine for a 
condensing turbine.

As mentioned, medium or high-pressure steam must 
be planned or be available.  This can be self-generated 
or district heating steam.

SYSTEM FEATURES
The following are some of the features offered by a 

combination system
1. Minimum Energy Requirements – Less heat input 

is required for a combination system that for a 
condensing turbine-driven centrifugal or an 
absorption machine alone.  A correct analysis of 
owning and operating costs uses total system 
heat input as a criterion rather than a straight 
steam rate per ton of refrigeration. Chapter 3
discusses this point at greater length.

2. Minimum Heat Rejection – Less heat is rejected 
from a combination system than from a 
condensing turbine-driven centrifugal or an 
absorption machine.  Condensation of steam 
from a back pressure steam turbine in an 
absorption machine eliminates the need for a 
more expensive condensing turbine and steam 
condenser.  A lower heat rejection to the cooling 
tower may permit a smaller size tower to be 
selected.

Table 11 compares typical heat input and heat 
rejection per ton of refrigeration for the three different 
systems.  Figure 39 is a graphic analysis of Table 11.
SYSTEM DESCRIPTION

The following system description and control 
arrangement chosen for the description is one of many 
that can be designed for the system.  This particular 
arrangement is presented because it offers control 
simplicity and a minimum steam rate when operating from 
full load down to approximately 15-35% load.*As explained more fully under Apportionment of Chilled Water Cooling, the best

operating economy is normally accomplished when the air conditioning load is
divided approximately one-third centrifugal refrigeration and two- thirds absorption
refrigeration.
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Although only one centrifugal machine and one 
absorption machine are shown in Fig. 40, a combination 
of one centrifugal and two or more absorption machines 
can be used as well.  It is shown this way for clarity.

Figures 40 and 41 show the suggested arrangement. 
Chilled water returns from the load thru the centrifugal 
machine, to the absorption machine and then back to the 
load.  The condenser water circuit is piped in parallel to 
the refrigeration equipment with individual pumps for 
each circuit. This not only allows the versatility of 
independent machine operation; it also gives good 
operating economy.

The condenser water temperature is maintained at its 
required 85 F for the absorption machine, whereas the 
water entering the centrifugal is allowed to drift 
downwards at partial loads, thus improving centrifugal 
operating economics.

The minimum system steam rate occurs when a 
balanced steam flow condition exists. That is when the 
absorption machine utilizes exactly all the steam 
discharged from the turbine. Normal procedure is to 
accomplish this initial balanced condition at 100% load.  
The control arrangement (described later) accomplishes

FIG. 39 – GRAPHIC ANALYSIS OF TABLE 11

FIG. 40 – SCHEMATIC OF COMBINATION
SYSTEM STEAM PIPING

FIG. 41 – SCHEMATIC OF COMBINATION SYSTEM WATER CIRCUITING

*Back pressure turbine 125 psig inlet, 13 psig exhaust, no moisture
†Condensending turbine 125 psig inlet, 4 in. Hg abs. exhaust
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the balanced steam flow condition at partial loads.  Table 
12 shows the minimum system steam rate and the 
centrifugal portion of the system load for various turbine 
inlet and absorption machine steam rates.

Control is accomplished as follows.  A thermostat in 
the chilled water circuit leaving the combination system 
controls the inlet guide vanes or a suction damper in the 
centrifugal.  The absorption machine is controlled by a 

pressure regulator sensing the steam pressure in the 
header between the turbine exhaust and the absorption 
machine.  The thermostat maintains a constant chilled 
water temperature and the pressure regulator holds the 
steam pressure constant ahead of the absorption 
machine.

Essentially, the chilled water thermostat effects a 
capacity reduction of the combination system at partial
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load in proportion to the instantaneous load, while the 
steam pressure regulator maintains a steam flow balance 
between the centrifugal and absorption machines and 
consequently a minimum system steam rate.
ENGINEERING PROCEDURE

Selecting the equipment for a combination system is
a matter of achieving the required performance with the 
minimum owning and operating costs. Equipment 
selecting is essentially a trial-and-error process. The 
following method is recommended to provide a 
satisfactory system.
PERFORMANCE

The required performance consists of load or 
tonnage, chilled water temperature and quantity or rise 
(F). The load or tonnage is determined by using normal 
methods. Chilled water rises of 15-20 F is suggested for 
minimum system steam rate and pressure drop thru the 
chillers.  Chilled water temperature selection should not 
be arbitrary, but should be as high as design permits.

Recommended condenser water quantities are 
approximately 3 gpm per ton for the centrifugal and 3.5 
gpm per ton for the absorption machine.
TURBINE STEAM RATE

Determine the expected single stage turbine steam 
rate and exhaust steam quality for the specified inlet 
steam conditions (pressure and superheat) and 13 psig 
back pressure.  (This allows 1 psi pressure loss for the 
steam piping between the turbine exhaust and the 
absorption machine inlet, assuming the absorption 
machine and turbine are close-coupled.)

Base the determination of steam rate upon an 
assumed one-third-system load on the centrifugal and a 
two-thirds system load on the high temperature side a 
leaving water temperature may be determined.  From 
Chart 11 an approximate brake horsepower per ton of 
refrigeration may be assumed for the centrifugal.

The required turbine performance is abstained from 
the turbine supplier and includes the following:

1. Curves relation speed, horsepower and steam 
consumption from full to minimum load of the 
centrifugal.

2. Curves relating turbine exhaust steam quality to
turbine horsepower, speed or steam
consumption.

3. There are no turbine performance characteristics 
which are typical of all turbines.  Chart 12 shows 
the performance of two typical back pressure 
turbines for centrifugal refrigeration machine 
duty.

DISTRIBITION OF DESIGN CAPACITY AND MIMUMUM
SYSTEM STEAM RATE

Calculate the centrifugal machine proportion of the 
system design load.  This is determined from the formula:
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Where:
Load =  centrifugal machine proportion of

    system design load.
SRa           = absorption machine steam rate   

(lb/hr/ton) at design load.*
SRt = turbine inlet steam rate (lb/bhp/hr) at  

design load.
Xte =  turbine exhaust steam quality.
bhp/ton     = centrifugal machinepower equirement.†
The system design load minus the centrifugal 

proportion equals the absorption machine proportion of 
the load.

Calculate the minimum system steam rate deter 
mined from the formula:

Where:
SRm in = minimum system steam rate (lb/hr/ton) of 

     system load.
Example 1 illustrates how these two formulas may be 

utilized.
Example 1 – Minimum Steam Rate At System Design Load
Given:

2400 gpm of water to be chilled from 57 F to 42 F or a 1500 
ton design load.

*For initial determination, use approximate lb/hr/ton from Chart 13 for chilled 
water temperature leaving the system.

†Use approximate bhp/ton figures from Chart 11 for chilled water temperature 
leaving the centrifugal machine.

Centrifugal machine power requirement
= .86 bhp/ton(Chart 11) x 500 tons = 430 bhp.
Turbine inlet steam rate at design load

=

Absorption machine steam rate at design load
= 19.65 lb/hr/ton (Chart 13)
Turbine exhaust steam quality = .97

Find:
Apportionment of system tonnage
Minimum system steam rate

Solution:
Using formula 1, the centrifugal machine proportion of system 

design load

=

then, .364 x 1500 tons = 545 tons
Chilled water temperature range thru the centrifugal
= .364 x 15 F = 5.45 F.
Using formula 2, the minimum system steam rate

=

The absorption machine is selected to handle the remainder 
of the system design load.
1500 – 545 = 955 tons.

APPORTIONMENT OF CHILLED WATER COOLING
Determine the entering and leaving chilled water 

temperature for the centrifugal and absorption machine 
portion of the system design load based on series chilled 
water flow with the chilled water passing first thru the 
centrifugal machine. The total required chilled water 
temperature range is proportioned between the 
centrifugal and absorption machines in the same ratio as 
the tonnage. Example 1 illustrates how the apportionment 
is determined.
CENTRIFUGAL MACHINE

Selection the centrifugal machine for an entering 
chilled water temperature equivalent to that returning from 
the load and the leaving chilled water temperature 
determined previously.

Select the condenser using the available cooling 
tower water temperature. Chapter 2 can be used as a 
guide for the selection of the machine.

Load = SRa + (SRt x bhp/ton x Xte)
SRa (1)

SRmin = SRa + (SRt x bhp/ton x Xte)
SRt x bhp/ton x SRa (2)

= 41.2 lb/bhp/hr(Chart 12)17,700
430

19.65 + (41.2 x .86 x .97)
19.65 = .364

41.2 x .86 x 19.65
19.65 + (41.2 x .86 x .97) = 12.9 lb/hr/ton
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ABSORPTION MACHINE
Select the absorption machine for the entering chilled 

water temperature equal to that leaving the centrifugal 
and the leaving chilled water temperature required by the 
design load.  Base the machine selection on a 12 psig 
steam supply and the available cooling tower water 
temperature. Chapter 3 can be used as a guide for the 
selection of the absorption machine.

STEAM TURBINE
Select the back pressure steam turbine for the speed 

and brake horsepower required by the centrifugal at 
design load
.  Often a 5% safety factor is added to the required 
centrifugal brake horsepower, to allow for poor entering 
steam conditions to the turbine.
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A single stage turbine is normally used. For equal 
cost the turbine having the best steam rate should be 
selected. Two single stage turbines in tandem are 
recommended in preference to a single, multi-stage 
turbine. A hydraulic direct-acting governor is 
recommended for use as the turbine (manual) speed 
control.

Determine the total required turbine steam flow and 
exhaust steam quality, and check the balance of steam 
flow between the turbine and absorption machine.  If the 
quantities determined do not agree with those estimated 
originally and/ or a balance does not exist, further 
adjustments may be required in the selection of 
equipment

Chart 14 and 15 indicate the steam consumption at 
partial load for a typical combination system and its 
individual machine respectively.
CONTROLS

A typical control diagram for a combination system is 
shown in Fig. 42. Either electrical or pneumatic controls 
may be used; however, pneumatic controls are most 
commonly utilized. The sequence of operation is the 
same regardless of which is used.

Capacity control by means of variable inlet guide 
vanes or a suction damper governs the operation of the 
centrifugal machine. A thermostat with its thermal element 
in the chilled water line leaving the absorption 
refrigeration equipment positions the throttling device at 
the compressor.

A steam pressure regulator controls the operation of 
the absorption machine. The sensing element of the 
pressure regulator is piped to the steam header between 
the steam turbine exhaust and the absorption machine.  
The regulator positions the solution control valve at the 
absorption machine in accordance with the steam 
pressure to control its capacity and maintain a constant 
pressure.  Minimum system steam rate is thus maintained 
at both full and partial load because the absorption 
machine utilizes exactly the steam discharged from the 
turbine.

A selector switch permits operation of the absorption 
machine alone below the centrifugal cutout point.
COMBINATION OPERATION

With the selector switch in the Combination position 
the centrifugal machine is under the control of the chilled 
water controller, and the absorption machine is put under 
the control of the pressure regulator thru a low limit 
thermostat (if required).

The cooling tower bypass valve is interconnected 
with the absorption machine condenser water pump so 
that the valve is controlled by the condenser water 
thermostat when the pump is started.

When the temperature falls, the chilled water 
controller acts to throttle the variable inlet guide vanes at 
the centrifugal compressor. If the resulting quantity of 
exhaust steam from the turbine is insufficient to supply 
the absorption machine in accordance with its solution 
control valve position, the steam supply pressure drop 
and throttles the solution control valve to bring the system 
into balance. An increase in chilled water temperature 
causes a reverse action.

The low limit chilled water thermostat is a safety 
device to prevent a freeze-up when more than one 
absorption machine is required in the design.
ABSORPTION MACHINE OPERATION

When the system load drops below approximately 
15-35% of design, the centrifugal machine is shut down. 
With the selector switch in the Absorption position the 
chilled water thermostat controls the solution control valve 
at the machine.

Steam is supplied to the absorption machine thru the 
pressure reducing station in the bypass line around the 
turbine. The steam also maintains the turbine hot for easy 
start-up.
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CHAPTER 5. HEAT REJECTION EQUIPMENT

In order for the refrigeration cycle to be complete, the 
heat absorbed in the evaporator and the heat equivalent 
of the work required to raise the pressure of the 
refrigerant must be removed and dissipated. This is the 
function of heat rejection equipment. Heat may be 
dissipated by sensible heat transfer or by a combination 
of sensible heat transfer and latent heat transfer (mass 
transfer). The means of heat rejection is the basis of 
equipment classification
.

This chapter practical information to guide the 
engineer in the application and layout of heat rejection 
equipment.
TYPES OF EQUIPMENT

There are three types of heat rejection equipment 
commonly used. They are:

1. Air-cooled condenser, in which heat is rejected 
directly to the air by sensible, heats transfer.

2. Evaporative condenser, in which sprayed coils are 
used to dissipate heat to the air by sensible and 
latent heat transfer.

3. Water-cooled condenser, in which heat is sensible, 
transferred to water. Although this water may then 
be wasted, it is usually conserved by a process of 
sensible and latent cooling in a cooling tower. The 
water is then recalculated it the condenser. For 
this reason, the water-cooled condenser and the 
cooling tower should be examined together as a 
single heat rejection device.

Figures 43, 44, 45 and 46 show an air-cooled 
condenser, an evaporative condenser, a water-cooled 
condenser, and a cooling tower respectively.

APPLICATION
An evaluation of owning and operating costs is usually 

the basis for selection of a means of heat rejection. 
Customer preference and provision for future condition 
may influence the choice as well. Local design factors 
such as air and water conditions and the system 
application affect the selection insofar as they affect the 
economics.

In an economic analysis, system size is important 
since the installed costs per ton of the various 
condensing methods decrease at different rates with 
increasing size. All factors being equal, air-cooled 
condensing is often chosen for capacities up to 75 tons. 
Evaporative condensing is a primary alternative in the 50-
150 ton range. Above 100 tons, water-cooled condensing,
in conjunction with a mechanical draft-cooling tower, is 
the most common choice. There are many applications 
where well, river or lake water is used for water-cooled 
condensing purposes. The installed cost per ton of once-
thru water-cooled condensing where the water is wasted 
is wasted remains constant with system size.

In the capacity range where all three condensing 
methods are alternatives, air-cooled condensing is 
usually the highest in first cost. However, maintenance 
costs for sir-cooled condensers are considerably lower 
for a given capacity. Therefore, air-cooled condensing is 
well suited to system where service is infrequent or 
incomplete. Similarly, long operating hours at light loads 
favor air-cooled condensing. Over-all operating costs of 
this method for the commonly applied capacity range are 
less than for water-cooled condensing, and compare 
favorably with evaporative condensing.

Other factor supporting the choice of air-cooled 
condensing are the lack of make-up water or drainage 
facilities, the availability of only foul water, high summer
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wet-bulb temperatures, relatively low summer dry-bulb 
temperatures or high water costs. Installations featuring 
many independent compressors may possibly be served 
more satisfactorily by multiple air-cooled condensers or 
cooling tower. Also, if operation is required or at low 
outdoor temperatures, air-cooled condensing presents no 
water freezing problems.

In the 50-150 ton capacity range, evaporative 
condensing usually has the lowest first cost. Some other 
factors which encourage its use are low wet-bulb 
temperatures, high dry-bulb temperatures, or the 
availability of inexpensive water of adequate quality. 
Operating costs may be below those of air-cooled 
condensing, partially if the condensing temperature 
considered is lower, with consequently smaller 
compressor power input requirements.

In general, conditions favoring the use of evaporative 
condensing also favor water-cooled condensing in 
combination with a cooling tower. When the heat rejection 
equipment is located further away from the other 
refrigeration components, the use of a close-coupled 
water-cooled condenser and a remote cooling tower 
becomes economically more attractive. This is because 
the refrigerant piping necessary with sir-cooled or 
evaporative condensing is more costly than water piping 
for a given capacity.

Once-thru water-cooled condensing may be the most 
practical and economical choice if there is a nearby 
supply of eater of adequate temperature and quality such 
as a river, lake or well. Otherwise, city water costs, local 
codes for the use of water, or lack of adequate sewage 
facilities may make a once-thru system prohibitive.
STANDARDS AND CODES

The application and installation of heat rejection 
equipment should conform to codes, lows and regulation 
applying at the job site.

Method of testing and rating mechanical draft cooling 
tower are prescribed in the ARI Standards, as are similar

procedures for evaporative and air-cooled condensers.  
For water-cooled condensers, design, testing and 
installation should be in accordance with the ASME 
Unfired Pressure Vessel Code and the ASA B9.1 Safety 
code for Mechanical Refrigeration.
AIR-COOLED CONDENSERS

An air-cooled condenser consists of a coil, casing, 
fan and motor.  It condenses the refrigerant gas by 
means of a transfer of sensible heat to air passed over 
the coil.  The relation between condensing temperature 
and air temperature is shown in Fig. 47.

For a given surface and air quantity, the capacity of 
an air-cooled condenser varies, for practical purposes, in 
direct proportion to the difference (TD) between the 
condensing temperature and the entering air dry-bulb 
temperature.  Therefore, assuming the heat rejection 
requirement is constant, a fall or rise in entering air 
temperature results in an equal decrease or increase in 
condensing temperature.

Values for TD range from 15-35 degrees, with 
condensing temperatures between 110 F and 135 F.  In 
desert areas these temperatures may reach 140 F.
UNIT SELECTION
Economics

Air-cooled condensers are most commonly applied 
to relatively small refrigeration systems. First cost usually 
dictates the selection of the compressor-condenser 
combination a conventional condensing temperature.
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Condenser first cost advantages may be realized with 
higher condensing temperatures. However, it must be 
recognized that, as the chosen condensing temperature 
is increased, compressor power input increases also. 
Higher compressor power requirements may be partially 
or fully offset by decreased condenser fan motor 
horsepower. Additionally, common practice is to build 
most air-cooled condensers with sub cooling circuits. 
This has the effect of increasing total system capacity 
with a slight increase of compressor power input 
requirements.

Component Balance
The capacities of a condenser and a compressor 

operated in combination will balance at some final 
condensing temperature. Rather than determining this 
balance point by trial and error, it is preferable to 
calculate it graphically. This is done by plotting 
condensing temperature versus heat rejection for both 
the compressor and the condenser on the same set of 
coordinates. Two or more condensers and compressor 
can be plotted so that the various combinations can be 
analyzed for performance, first cost and operation cost.

Chart 16 is a graphical selection for a nominal 60 ton 
design load. Points A and B represent two possible 
combinations. Combination B has the smaller compressor 
while combination A has the smaller condenser. 
Compressor power input requirements are higher with 
combination A, but installed first cost is lower.

In plotting the air-cooled condenser capacities, it is 
preferable to use condenser ratings given in terms of total 
heat rejected rather than in evaporator tons. Compressor 
heat rejection requirements vary not only with suction and

condensing temperature but also with the compressor 
selected.  In addition, heat rejection requirements for 
hermetic refrigeration machines vary with size. The 
engineer should refer to specific catalogs for the total 
heat rejection for each individual compressor for plotting 
purposes.

The compressor capacity line (shown broken) has 
been corrected for an assumed 2-degree discharge line 
loss.  Thrum, for a given design suction temperature, a 
point on the corrected line represents a condensing 
temperature 2 degrees less than the compressor 
saturated discharge temperature.  When designing hot 
gas lines, it is common practice not to exceed a pressure 
drop corresponding to a 2-degree change in saturation 
temperature.

An analysis of combination A is given in Charts 17
and 18.  Chart 17 describes the heat rejection capacity 
of compressor-condenser combination A at varying 
suction and condensing temperatures.  The balance line 
(shown broken) indicates the heat rejection possible with 
this combination at various suction temperatures, 
assuming a 2-degree line loss.

Chart 18 includes the balance line shown in Chart 17
in terms of evaporator tons and, in addition, relates 
evaporator capacity and suction temperature.  The 
broken line on this chart is the evaporator capacity curve 
corrected for an assumed 2-degree suction line loss.
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This standard is not usually exceeded in sizing the 
suction line.
Compressor Limitations

The selection and application of air-cooled 
condensers may be limited by the restrictions imposed by 
the manufacturer in operation of the posed by the 
manufacturer on operation of the compressor.  These 
restrictions define maximum compressor saturated 
suction temperatures and saturated discharge 
temperatures.  Specific data should be obtained from the 
catalog of the manufacturer involved.
Subcooling

The use of an integral subcooler in an air-cooled 
condenser provides these operating advantages:

1. An increase in system capacity.
2. A method of offsetting the effects of moderate 

liquid lifts.
3. Reduced power input pet ton of refrigeration.
The subcooled is installed in series with the 

condensing coil, and the condensed liquid from all 
circuits of the condensing coil is combined before 
passing thru the subcooler.

Because of the reduced enthalpy of the subcooled 
liquid, each pound of refrigerant evaporated can absorb 
more heat, this increasing the system capacity (Fig. 48).

Flashing of liquid refrigerant due to pressure drops 
from moderate liquid lifts is offset by subcooling.

The power input pet ton is reduced because more 
capacity is available without an increase in the required 
horsepower.  Line CD in Fig. 48 represents the work input 
which is not changed due to the subcooling.

A receiver (if used) should be valved out of any 
system using a subcooling coil because the subcooling
effect is often offset by the liquid flashing in the receiver.
Atmospheric corrections

Air-cooled condenser ratings are based on air at 
standard atmospheric conditions of 70 F and 29.92 in.  
Hg barometric pressure.  If a condenser is equipped with 
a direct drive and is to operate at an altitude above sea 
level, heat rejection ratings should be corrected for the 
change in air density.  This correction amounts to a 
decrease in capacity of approximately 9% at an altitude 
of 5,000 feet.  However, it should be pointed out that this 
reflects only about a 3% loss in total system capacity.

On condensers equipped with belt-driven equipment, 
fan speed can be increased to offset this correction.

Capacity corrections for air temperature deviations 
are unnecessary unless temperatures exceed 125 F.
Multiple Circuiting

Some installations may include several independent 
refrigeration systems, each operating at the same or 
different suction or condensing temperatures.  These may 
be supplied with a single condenser which has a multiple 
of circuits, each operating with a separate refrigeration 
system.

CHART 18 – COMPONENT BALANCE,
EVAPORATOR-CONDENSING UNIT
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CONDENSER CONTROL
There are two basic methods of controlling the 

capacity of air-cooled condensers. They are sir side and 
refrigerant side control. The air side controls utilize 
methods of varying the air flow thru the condenser. The 
refrigerant side controls vary the amount of available 
condensing surface by flooding portions of the condenser 
with liquid refrigerant.

Air-cooled condenser controls are needed to 
maintain a sufficient pressure differential across the 
refrigerant expansion device to provide the required 
refrigerant flow to offset the load. The control should 
operate satisfactorily is required. The minimum outdoor 
temperature above which the control system operates 
satisfactorily must be obtained from the manufacture of 
the control. This minimum temperature may depend on 
whether the refrigeration system can operates unloaded 
some of the time or if it operates loaded all of the time.  
The application of the refrigeration system, whether for 
liquid chilling, direct expansion cooling or a heat pump, 
may also influence the minimum temperature.

Most manufacturers of air-cooled condensers offer 
patented methods of control which can only be used with 
their recommendations concerning operating limits and 
applications for their controls.

Refrigerant migration to the condenser on shut down 
may be prevented or its effect on a proper start-up may 
be lessened by the condenser control.  Refrigerant 
migration occurs because the condenser is in a colder 
atmosphere than the other parts of the system.  This may 
create trouble on start-up since the condenser may be 
full, or close to the outdoor temperature.  There may be 
very little pressure difference across the expansion valve 
and the system may cycle on the low-pressure switch 
when attempting to start.

Several methods are available to aid in providing for 
winter start-up. One method is to shunt out the low 
pressure switch at start up with a time delay relay unit the 
system gets up to pressure.  Another method is to locate 
the low-pressure switch in the liquid line and put a defrost 
thermostat on the coil.  When single pump out control is 
used, a low-pressure stat is also required in the suction 
line.

Feeding subcooled liquid to a liquid chiller may 
cause frost pinching of the tubes or a freeze-up of the 
chiller due to erratic operation of the expansion valve.  
With a direct expansion-cooling coil, the subcooled liquid 
may not allow proper distribution of the refrigerant thru 
the parallel circuits in the evaporator.  Frost may deposit 
on the coil and can build up and black off the air flow.

Proper selection of the expansion valve and the 
selection of an adequate receiver to hold any excess 
refrigerant may also be required in connection with the 
condenser control.
Air Side Control

Examples of the air side controls include the cycling 
of fans in sequence when multiple fans are used on a 
single coil system; the modulation of a volume damper 
installed in the fan discharge or as a face damper 
installed to bypass air around the coil; a variable speed 
fan; or possibly a combination of these controls.
Refrigerant Side Control

Types of refrigerant side controls include an 
electrically heated surge type receiver to maintain a 
minimum liquid temperature in the recover; a bypass 
valve to bypass hot discharge gas around the condenser 
to maintain a minimum downstream or receiver pressure; 
a pressure regulating valve in the drain line from the 
condenser to maintain a minimum pressure in the 
condenser; or variations and combinations of these 
controls.
LOCATION

An air-cooled condenser may be located indoors or 
outdoors.  It may be remote or near, above or below the 
compressor. The greater the distance separating the 
condenser and compressor, the greater is the first cost 
and operating cost. Specific location recommendations 
include the following:

1. Locate the unit so that air circulates freely and 
rapidly without recalculating.

2. Locate the unit away form areas continuously 
exposed to loose dirt and foreign matter.

3. Locate the unit away from occupied spaces with 
low ambient sound levels.

FIG. 48 – EFFECT OF LIQUID SUBCOOLING
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Condenser location with respect to the evaporator 
can have an influence on the liquid line size. Since most 
air-cooled condensers or manufactured with a coil 
designed to give liquid subcooling, the liquid line can be 
designed for a much higher pressure drop when the 
evaporator is located at the side of or above the 
condenser. It is suggested that this subcooling effect and 
pipe sizing be studied because of the increased coat of 
pipe installation and additional refrigerant required for an 
oversized liquid line.

It may be possible to utilize building exhaust air as 
part or all of the supply to the condenser, thru reducing 
the size of the condenser or lowering the head pressure.

When air-cooled condensers are manufactured with 
the subcooling coil integral with the condensing coil, 
liquid receivers are not normally used. The use of a 
receiver often completely eliminates the subcooling effect 
if the liquid condenser drains directly into receiver before 
passing on to the evaporator.  Receivers (when used) are 
normally bypassed during normal operation and are 
restricted for pumpdown when service the system is 
required.
LAYOUT

Air-cooled condensers are manufactured for both 
vertical and horizontal air flow.  Vertical coils can be 
affected by condenser orientation.  On outdoor 
installation the prevailing winds should blow toward the 
air intake of the unit.  If this is impossible, a discharge air 
shield is suggested.  Also, special intake and discharge 
hoods may be necessary if snow can accumulate in the 
fan section.  Orientation has no effect on the performance 
of air-cooled condensers equipped with horizontal coils.

For indoor installations, fresh air intakes and 
discharge ducts to the outdoors must be provided.  It is 
necessary to arrange these ducts so that recalculation 
does not occur.

Refer to part 3, Chapter 3 for refrigerant piping 
details.
EVAPORATIVE CONDENSERS

An evaporative condenser consists of a condensing 
coil, fan and motor, water distribution system, sump, 
recalculating pump, and casing.  It condenses the 
refrigerant gas by means of a combination sensible and 
latent heat transfer process.  Rejected heat is dissipated 
by water diffused over the coil surface.  It is then 
transferred to the air passing over the coil.  Latent heat 
transfer is more effective as a means of heat dissipation 
and, therefore, permits a unit with less cubage than an 
equivalent air-cooled condenser.  The relation between 
condensing temperature, air enthalpy, and coil surface 
temperature is shown in Fig. 49

The capacity of an evaporative condenser may be 
increased either by lowering the entering air wet-bulb 
temperature or by increasing the condensing 
temperature.  Condensing temperatures normally range 
from 100-115 F.  Increasing the air quantity beyond the 
design has little effect on capacity.

An evaporative condenser may be used to cool other 
liquids such as oil and water instead of a refrigerant. Most 
manufacturers provide ratings for such applications. For 
optimum performance, piping must be designed so that 
the flow of water thru the condenser coil is opposite in 
direction to the flow of air.
UNIT SELECTION

The normal design wet-bulb temperature of a locale 
should be the basis of an evaporative condenser 
selection since higher wet-bulb temperatures seldom 
occur, and then only briefly. If design conditions must be 
maintained at all times, such as in some industrial 
process applications, the maximum wet-bulb temperature 
should be used to insure adequate equipment capacity.
Economics

As in the case of air-cooled condensers, first cost 
usually dictates the selection of an evaporative 
condenser-compressor combination. Operating at 
relatively high condensing temperatures with a heavily 
loaded condenser lowers the installed cost per ton but 
may increase the operating cost pet ton. For over-all 
maximum economy of operation, a difference of 25-30 
degrees between condensing and entering air wet-bulb 
temperatures is suggested.
Component Balance

The balance capacity of an evaporative condenser-
compressor combination may be determined graphically 
as described under Air-Cooled Condensers. Chart 19
illustrates such a graphical analysis at a given wet-bulb 
temperature and air quantity. As mentioned previously, it 
is preferable to base the condenser-operating 
characteristic on a known condenser heat rejection 
performance rather than on condenser ratings in tons of 
refrigeration effect.
Subcooling

The use of an integral or accessory subcooling coil 
with an evaporative condenser provides the following 
operating advantages:

1. An increase in system capacity.
2. An offset to the effect of moderate liquid lifts.
3. Reduced power input per ton of refrigeration.
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The subcooling coil is installed in series with the 
condensing coil and is the first coil contacted by the 
entering air.

When the balance capacity of a condenser-
compressor combination is slightly below design 
requirements, it is usually more economical to add a 
subcooling coil than to select the next larger combination.

Figure 50 is a pressure-enthalpy diagram illustrating 
the source of the additional capacity realized from the 
use of subcooling.  The capacity of the condenser-
compressor combination is increased because with 
subcooled liquid each pound of refrigerant evaporated 
does more work.  Chart 20 shows the effect of a 
subcooling coil on the same combination as is shown in 
Chart 19.

The amount of increase in system refrigeration 
capacity as a result of subcooling is obtained from the 
manufacturers’ evaporative condenser ratings.

Liquid subcooling cannot be obtained if a receiver 
follows the subcooling coil in the refrigeration system.  If a 
recover is used and if it must be so located, it should be 
used as a storage vessel only and valve out of the circuit 
during operation.  A receiver continuously in the system 
should be located between the condenser and the 
subcooling coil in order to obtain the subcooling effect.
Atmospheric Corrections

At elevations above sea level, the reduction in weight 
flow of air due to the decrease in density of the air at high 
altitude is offset by the greater latent heat absorbing 
capacity of the high altitude air.

Fan motor selections made on a sea level basis are 
conservative.

To determine actual motor brake horsepower at the 
design fan speed at any elevation, multiply the power 

requirement at sea level by the ratio of the air density at 
the design altitude to the air density at sea level.

Multiple Circuiting
For applications in which one condenser serves 

several separate refrigeration systems, evaporative 
condensers are available with headers divided to from 
two or more independent refrigerant circuits.  The number 
and relative capacities of these individual circuits depend 
on the circuit design of the condenser coil.  Individual 
circuits may be operated at the same or different suction 
or condensing temperatures.
CONDENSER CONTROL

Operation of an evaporative condenser at low 
outdoor temperatures requires special consideration in 
order to prevent the freezing of recalculation water and to 
insure proper functioning of the thermostatic expansion 
valve.

The following methods may be used to maintain 
condensing pressure in an evaporative condenser:

1. An automatic discharge damper which varies the 
flow of air across the coil.

2. An automatic air recalculating assembly (Fig. 51) 
which controls the entering air wet-bulb 
temperature.

3. A fan motor having two or more speeds to vary 
the air flow across the coil.
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Automatic discharge dampers or air recalculation 
damper assemblies are the most satisfactory solutions to 
the problem of positive condensing pressure control.  
These dampers are often sold as accessories by the 
condenser manufacturer.  The dampers may be actuated 
in response to a condensing pressurestat or, in the case 
of recalculation control, in response to a recalculation 
water thermostat.

Condensing pressure control method involving a 
cycling of the recalculation pump are not recommended; 
cycling of the pump produces a rapid accumulation of 
scale deposits.
WINTER OPERATION

When year-round operation is required, it is advisable 
to locate the unit indoors but, if an outdoor installation is 
needed, the unit should be operated dry with the spray 
shut off and the water drained from the pan.  This 
generally reduces the capacity of the unit, but full 
capacity is usually not required at this time.
L0CATION

An evaporative condenser may be located indoors or 
outdoors.  An indoor location requires ductwork which 
increases first cost and fan power requirements; it is 
recommended if year-round operation is planned; it 
minimizes problems of unreliable start-up and the 
freezing of recalculated water.  An indoor condenser 
operated in the summer only should be provided with 
manual intake and discharge dampers in the duct in 
order to prevent the introduction of cold air and attendant 
problems of moisture condensation.

A condenser mounted outdoors usually requires no 
protective covering, but should be provided with 
drainage facilities for the tank, pump and water piping.

Other location recommendations are listed under 
Location for air-cooled condensers.
 LAYOUT

Whether indoors or outdoors, the unit should be 
installed elevated above the floor, roof or ground.  This 
may be accomplished by suspending the unit or by 
providing a mounting pad.
MAKE-UP WATER

Provision must be made for city water make-up for 
evaporation and bleed-off water losses.  Evaporation 
occurs at the rate of approximately 1.8 gallons per hour 
per ton of refrigeration, depending on water treatment 
recommendations.  Refer to Part 5, Water Conditioning.

Refer to Part 3 for refrigerant piping details.

CHART 20 – COMPONENT BALANCE WITH
SUBCOOLING, EVAPORATIVE CONDENSING
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WATER-COOLED CONDEBSERS
A water-cooled condenser consists of hot transfer 

tubes mounted within a steel.  Condenser water passes 
thru the tubes, and the condensing refrigerant occupies 
the shell surrounding the tubes.  Ht e shell is equipped 
with a hot gas inlet, liquid sump, purge connections, 
water regulating valve connection, and a pressure relief 
device.  The shell-and-coil condenser had a spiral or 
trombone tube must be cleaned chemically instead of by 
reaming or brushing.  Shell-and-coil condensers are of 
relatively low cost and are often used in air conditioning 
applications.

At a given entering water temperature and 
condensing temperature, condenser capacity is de-
decreased by decreasing the water flow rate, thus 
increasing the water temperature rise.  Condensing 
temperatures usually range from 100-110 F, but may be a 
low as 80 F for Once-thru City water condensing.
UNIT SELECTION

The water-cooled condenser and the cooling tower 
should be considered as a single heat rejection device 
for the purposes of selection and application.  Therefore, 
the economics of condenser selection are reviewed 
under the subject of Cooling Towers.

In a once-thru application, the entering water 
temperature used for selection should be the maximum 
water temperature prevailing at the time of maximum 
refrigeration load.

Selection of the number of water passes should be 
made with regard to the temperature and pressure of the 
water available.  The low pressure and higher 
temperature water available from cooling towers generally 
dictates the least number of passes.

Normally, manufacturers base water-cooled 
condenser ratings on various conditions of the tube 
scaling on the water side.  A fouling factor represents the 
resistance to heat floe presented by scaling.  Since some 
surface fouling is present on tube surfaces from the 
beginning of operation, a minimum fouling factor of .0005 
is suggested for selection.  Scale factors for various types 
of condensing water system are shown in Part 5.

The factors shown should be tempered by operating 
conditions.  A reduction in the factor is justified in the 
case of frequent cleaning, an unusually low condensing 
temperature, or when operation is less than 4000 hours 
annually.
CONDENSER CONTROL

Control of water flow thru condensers may be 
required to limit the condensing pressure to a 

predetermined minimum.  Two methods of restricting this 
flow are commonly used, a two-way throttling valve or a 
three-way diverting valve.

The two-way valve is useful in maintaining 
condensing pressure in once-thru applications utilizing 
city, well, lake or river water.  In the case of city water, a 
prime objective may be to minimize water costs.

The three-way valve is most often used with a cooling 
tower.  It operates to direct water around the condenser 
as the condensing temperature is lowered.  This allows 
the pump to maintain its flow and reduces problems of 
water distribution with multiple unit applications.
COOLING TOWERS

Atmospheric water cooling equipment includes spray 
ponds, spray-filled atmospheric towers, natural draft 
atmospheric towers, and mechanical draft towers.  
Except for relatively small installations on which the 
spray-filled atmospheric tower may be used, the 
mechanical draft tower is the most widely used for air 
conditioning application.  Of the types of equipment 
available, the mechanical draft tower is the most 
compact, the lowest in silhouette, the lightest and the 
best suited to meet exacting conditions of water 
temperature.

Air flow thru a mechanical draft tower may be forced 
or induced.  Referring to the direction of air flow relative to 
the water flow thru the fill, a tower may be classified as 
counter-flow, cross-low or parallel flow.  The towers 
commonly used are in duced draft, counter-flow or cross-
flow.The towers commonly ysed are induced draft, 
counter-fiow or cross- flow

A cooling tower consists of a casing, basin and 
sump, water distribution system, fill, fan, motor and drive.

The relation between the enthalpy of the air and the 
water temperature is illustrated in Fig. 52 for a counter-
flow tower.  The rate of heat transfer from the water to the 
air depends on the enthalpy of the air which is 
represented by wet-bulb temperature.  This rate is 
independent of the air dry-bulb temperature.  For a given 
air and water quantity thru a tower, the rate of heat 
transfer, or rated tower capacity, is increased by lowering 
the entering air wet-bulb temperature requirement or by 
raising the temperature of the water entering the tower.

Tower performance is specified in terms of water 
range and approach.  Cooling range is the difference 
between water entering and leaving temperatures and is 
equal to the temperature rise thru the condenser.  
Approach is the difference between the water 
temperature leaving the tower and the entering air wet-
bulb temperature.
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UNIT SELECTION
A cooling tower should be selected for the normal 

design wet-bulb temperature of the locale.  If design 
conditions must be maintained at all times such as in 
some industrial process applications, the maximum wet-
bulb temperature should be used to insure adequate 
equipment capacity.
Economics

The selection of refrigeration equipment and a 
cooling tower is influenced primarily by the condensing 
temperature chosen and its effect on tower range and 
approach.  Relatively small increases in condensing 
temperature can produce large economics in tower size 
and cost, weight, space required and grillage or 
foundation costs.  Further first cost savings result from:

1. Reduction in condenser water pump size and 
power input because of the lower water 
quantities accompanying higher ranges.

2. Reduction in piping costs with lower water 
quantities.

3. Reduction in tower fan power input.
At a given wet-bulb temperature, an increased 

condensing temperature can be obtained by one or both 
of two methods:

1. Increasing the condenser entering water 
temperature and, therefore the approach.

2. Reducing the condenser water quantity.
With no change in the refrigeration equipment, a 

higher condensing temperature does result in a higher 
compressor power input requirement and, therefore, 
higher operating costs and motor and drive first costs.  
This effect can be countered by accepting a larger 
condenser size.  With increasing condensing 
temperature, installed cooling tower costs usually fall 
more rapidly than refrigeration first costs rise.

Although the compressor ful l  load power 
requirements are greater with increased condensing 
temperatures, the compressor motor is only partially 
loaded most of the time.  Power savings from the smaller 
condenser water pump and tower fan motors which run 
continuously may more than pay for increased 
compressor operation costs.

Codes and manufacturers’ recommendations should 
be referred to for limitation on maximum condensing 
temperatures.

Increasing condenser water temperatures may 
necessitate a more complete and through water treatment 
program than required at lower temperatures.
Atmospheric Corrections

At elevations above sea level, the reduction in weight 
flow of air due to the decrease in density of the air at high 

altitude is offset by the greater latent heat absorbing 
capacity of the high altitude air.  Therefore, no correction 
need be made to cooling tower ratings as a result of 
altitude effects.  Fan motor selections made on a sea 
level basis are conservative.

Fan Drives
Cooling towers are usually obtainable with either gear 

or belt drives.  Gear drives are recommended on large 
cooling tower since malfunctions are infrequent.
CONDENSER WATER TEMPERATURE CONTROL

Operation of refrigeration equipment at low outdoor 
temperature necessitates a control of condensing 
pressure.  Maintenance of a minimum condensing 
pressure.  Maintenance of a minimum condensing 
pressure insures proper operation of the thermostatic 
expansion valve or the refrigerant float valve.  A fall in 
evaporator temperature to the safety control setting is 
also prevented.

When water-cooled condensing is used, condensing 
pressure control is achieved thru condenser water 
temperature control.  It is usually not advisable to operate 
a constant speed centrifugal refrigeration machine at 
condensing temperatures below 80 F.  Variable speed 
centrifugal machines may be operated at condensing 
temperatures as low as 50 F.  Condensing temperatures 
required for expansion valve operation for normal 
reciprocating equipment should be maintained at about 
90 F.
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One or more of the following methods may be used 
for controlling condenser entering water temperatures:

1. Cycle the cooling tower fan.
2. Employ a two-speed fan motor to permit a 

capacity reduction.
3. Stop in sequence the fans on a multi-cell tower.
4. Bypass the cooling tower fill thru a control valve 

(Fig. 53).
Each of the above solutions may be manually or 

automatically controlled.  The control valve may be snap 
acting or may modulate the water bypass, but should be 
snap acting at subfreezing temperatures.
WINTER OPERATION

Winter operation of a cooling tower introduces the 
problems of water freeze-up in the basin and ice 
formation on the fan blades and louvers.

The use of a depressed or auxiliary sump within the 
heated space is one solution to the freezing of water in 
the basin (Fig. 54).  In this way, the tower basin is dry 
during periods of shutdown and whenever condenser 
water bypasses the fill.  This auxiliary sump should be 
sized to provide sufficient storage space for all the water 
in the tower and basin and to provide a suction head on 
the pump when the tower is operating.  An alternate 
solution provides for heating the basin water with steam 
or hot brine passing thru coils.

Ice formation on the fan blade results in excessive 
vibration which may lead to table breakage and damage 
to the tower.  Two-speed operation may be employed at 
tower leaving air temperatures approaching 32 F.  If ice 
continues to from at low speed operation, a vibration 
switch may be utilized to stop the fan.

Air flow thru the tower can be restricted by an ice 
build-up on the louvers.  Complete prevention of ice 
formation may be difficult, but small deposits can be 
melted by reversing the fan motor and operating at top 
speed.  This reversing usually accomplished manually.
MAKE-UP WATER

A cooling tower loses water by evaporation, drift and 
bleed-off.  Evaporation amounts to about one percent of 
the total condenser water circulated for each 10 degrees 
of range.  Drift loss is constant at all ranges and is 
approximately 0.2% of the water circulated.  Bleed-off 
varies with water conditions and should be established by 
the water treatment program as explained in Part 5.  
Where water conditions are not sever, bleed-off is 
approximately 0.3% for each 10 degrees of range.

The amount of make-up water required is established 
by the total of these losses.  Water may be made up on 
demand thru a mechanical float-operated valve or by a 

pair of electric level probes used with a reply and a water 
solenoid valve.
LOCATION

The selection of a tower site and the orientation of the 
tower should be guided by the following considerations:

1. Locate the tower so that air circulates and 
diffuses freely and rapidly without recalculating.  
Manufacturers usually publish recommendations 
on this subject.

2. Locate the tower away from sources of heat or 
contaminated air such as smokestacks.

3. Locate the tower away from normal drift is 
objectionable.  Drift may be carried several 
hundred feet downwind from the tower if the 
wind is strong.

4. Locate the tower above or remote from occupied 
spaces or surroundings with low ambient sound 
levels.  The ideal location is on the roof of a tall 
building.  A tower location at a low level between 
tall buildings is very undesirable with regard to 
both tower performance and sound level.

5. Condenser water piping may be simplified and 
its cost reduced if the tower is located 
immediately adjacent to or above the 
refrigeration room.

6. Locating a tower below the refrigeration 
equipment may lead to problems of siphoning or 
overflow at shutdown.  If water is siphoned from 
the condenser, the condenser may be damaged 
by water shock when the pump is started again.  
If such a location is planned, consideration 
should be given to reliable checking of backflow 
at shutdown and to breaking any siphon which 
might form.
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7. Where the tower is be mounted on a roof, the 
ability of the roof to withstand the added weight 
should be checked.  The tower should be 
located to afford the most even distribution of 
weight on the structural members.

LAYOUT
If the tower is remote from the refrigerating machine 

or at a lower elevation, the condenser water pump may 
be located adjacent to the tower.  With a tower at grade 
level, a vertical pump may be used instead of the more 
conventional horizontal pump.

A steel or wood-cooling tower mounted on a roof is 
elevated and supported by a steel grillage. A tower

located on the ground may be so mounted, or may be 
furnished without a basin and mounted on a concrete 
basin.  Grillages and concrete basins should be 
designed in accordance wi th  manufacturers’ 
recommendations.  The design of a concrete basin 
should include suction screens.  Wood and steel basins 
usually feature sump screens.

On some towers the manufacturers offer a vertical 
supply line to the water distribution system located at the 
center of the cell.  For certain layouts, this feature can 
improve the appearance of the installation and reduce the 
complexity and cost of the piping.

For details of condenser and cooling tower piping, 
refer to Part 3, Chapter 2.  The following are further 
specific recommendations.

1. Tower overflows should be piped to a drain and 
should not be valved.

2. Provision should be made for draining the tower 
and equipment.

3. A city water hose bib should be provided at the 
tower to facilitate cleaning.

4. A tower should be provided with a city water fill 
line in addition to a make-up line.  A tower 
located above the refrigeration equipment 
affords an ideal location for filling the entire 
condenser water system.

5. If the fan motor starter is remote from the tower, a 
disconnect switch should be provided at the 
tower to insure safety while servicing.
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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART EIGHT

This part of the system Design Manual presents
practical data for selection and application of auxiliary equipment
used with air conditioning systems.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

               boilers          3

     miscellaneous drives        4

             centrifugal pump          1

INDEX

moters and motor controls          2
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CHAPTER 1. CENTRIFUGAL PUMPS

     This chapter sets forth a review of the selection and
application of centrifugal pumps used with air
conditioning and refrigeration systems.
     These are two major categories of pumps:

1. Positive displacement – reciprocating, rotary and
screw.

2. Centrifugal – with a variety of impeller designs
classified as plain (radial) flow, mixed flow and
axial flow, each within a volute casing; also
turbine (diffuser) type pumps.

     Figure 1 illustrates the two types of centrifugal
pumps as well as the four basic types of impellers. The
plain impeller has single curvature vanes always curved
backwards. Wider impellers have vanes of double
curvature with the suction ends twisted. These vanes are
called mixed flow (Francis type) vanes. The extreme
mixed flow (minimum of radial element) and axial flow
impellers have propeller type vanes. While having axial
flow, this class of pumps represents hydraulically an
extreme in a continuous series of centrifugal pumps.
     It is the plain flow impeller centrifugal pump that is
used most frequently in air conditioning and refrigeration.
They are used to move chilled, warm, hot and refrigerant
condensing water, steam condensate, brine, lubricant oil
or refrigerant.
     A centrifugal pump is distinguished by a continuous
steady flow and characteristic performance curves with a
smooth rising head and falling power from maximum
capacity to shutoff (Fig. 2). The pump  presents an easy
load for a driver. The starting torque is small and
operating load is constant. As a rule a constant speed
squirrel-cage induction electric motor (NEMA  Design B)
with normal starting torque (Chapter 2) is applicable to
drive the pump although steam turbines, gasoline or
steam engine, and belt and motor drives may also be
used.

     The centrifugal pump is rated on the basis of
capacity, i.e. volume of liquid per unit time or gallons per
minute, gpm (1 cu ft/min = 7.48 gpm), against a head, i.e.
feet of water required by the fluid trans-mission system,
and the energy required at a given speed.
     There are two types of liquid circuits, sopen and
closed. In the open system the pump moves a liquid from
a source located above of below the pump but open to
atmospheric pressure (Fig. 3a and 3b). A closed system
is one in which the liquid circuit is not open to the
atmosphere (Fig. 3c and 3d). The most common
application in air conditioning and refrigeration systems is
the closed water circuit. This is the major subject of the
following text.
     The rudiments of centrifugal pump behavior are
found in the section on Centrifugal Pump Fundamentals.
STANDARDS AND CODES
     Standards of the Hydraulic Institute (an organization
of leading pump manufacturers) define the product,
material, process and procedure in the design and
testing of any type of pump.
     Pump installation should conform to all local codes,
rules and regulations.
CENTRIFUGAL PUMP
     The centrifugal pump has a unique distinction of
simplicity in construction, yet critical in application. There
are two major elements in a centrifugal pump assembly –
an impeller rotating on a shaft supported in a packed or
mechanical seal and bearings, and a casing that is the
impeller chamber (volute). The impeller imparts the
principal force to the liquid, and the volute guides the
liquid from inlet to the outlet, at the same time converting
the kinetic (velocity) energy into pressure.*
*In a turbine type centrifugal pump the diffusers perform the major
part of the energy conversion task.
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FIG. 1- CENTRIFUGAL PUMP CASINGS AND IMPELLERS

ADVANTAGES
The centrifugal pump is favored because of the

following characteristics:
1. Simplicity of construction.
2. Absence of valves and reciprocation parts.
3. Fewer moving parts.
4. Absence of close clearances.
5. Minimum of power transmission losses.
6. Steady, nonsurging flow.

7. Operation at shutoff condition without excessive
build-up in pressure.

8. Absence of contact between liquid pumped and
lubricant.

9. Compactness; light in weight.
10. Adaptability for direct connection to standard

motors (major types of drive).
11. Long life.
12. Ease of maintenance and minimum repair.
13. Reasonable cost.
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FIG. 2 – TYPICAL PERFORMANCE, PLAIN FLOW
VANE CENTRIFUGAL PUMP

   There are two shortcomings in a centrifugal pump:
1. It is not self-priming unless specially equipped

with a priming device (or a foot valve).
2. It is inefficient for capacities smaller than 10 gpm

at heads higher than 30 feet.
CLASSIFICATION AND DESIGNATION
     The manner of liquid flow within the impeller and the
casing of Centrifugal pumps has already been outlined.
The plain radial flow impeller in a volute casing centrifugal
pump is the one usually applied in air conditioning and
refrigeration applications.
Impeller

The impellers are constructed in three arrangements:
1. Enclosed (vanes within an impeller shroud or

side walls).
2. Semi-enclosed (vanes assembled with on side

wall).
3. Open (no side walls, casing serving as side

walls).
Suction

The liquid approach into the pump may be either:
1. Thru a single inlet with end suction to impeller.
2. Thru a single inlet with double suction, liquid

flowing into the impeller along the shaft on two
sides (Fig. 4).

Casing
     The volute easing (Fig. 5) may be split axially
(horizontally, usually with double suction pumps), or

radially (vertically, usually with single suction, end inlet
pumps).
Stages
     The single stage pump is one with a single impeller; it
may have a single or double suction.  If the required head
is too high for a single impeller to develop, two or more
single stage pumps may be used in series, or a set of
impellers in series may be put into a single casing. The
latter assembly is designated a multi-stage pump.
Assembly
     With reference to the axis of rotation of the shaft,
centrifugal pumps and drive arrangements are either
horizontal or vertical (at times inclined). Horizontal pumps
are arranged either with end or side suction inlets; top
and bottom suctions are also available. Double suction
pumps are usually built with side discharge nozzles (Fig.
5)
     The single suction pumps are usually made with the
end suction inlet (also available in other arrangements)
and a variety of discharge nozzle positions (Fig. 6). The
discharge nozzle is a size or two smaller than the suction.
Centrifugal pumps are often identified by a number
corresponding to the size of its discharge; however this
does not define its capacity which must be stated
concurrently.

Fig. 3 – LIQUID FLOW SYSTEMS

Fig. 4 - IMPELLERS
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FIG. 5 – SINGLE AND DOUBLE SUCTION
CENTRIFUGAL PUMPS

FIG. 6 – DISCHARGE NOZZLE ARRANGEMENTS,
SINGLE CENTRIFUGAL PUMP

Rotation
     Pump rotation is determined when looking from the
drive toward the pump. Thus straddling the drive of a
horizontal pump or looking down at the motor end of a
vertical pump, if the liquid is entering the suction on the
right side (double suction) and moves clockwise within
the casing towards the discharge, such a pump is
designated as having clockwise rotation. With the suction
on the left side and the liquid moving within the casing in
counterclockwise direction, the pump is designated as
having counterclockwise rotation (Fig. 7).

Drive
     Motors are the major drivers used to supply energy to
centrifugal pumps. Of the single-phase motors the
capacitor type are used for small pumps. Of the multi-
phase motors the standard squirrel-case induction type
(NEMA Design B) are the most popular. Occasionally for

reason peculiar either to power distribution regulations or
to the customer’s economic situation (Chapter 2) a pump
may be driven either by a part-winding, wound rotor or
synchronous motor.
     The smaller sizes of motor-driven pumps often come
in close-coupled assemblies; the impeller is mounted on
the projection of the motor shaft. The pump volute and the
motor enclosures comprise one unit. Large pumps
connect to drivers by a coupling.
     The availability of steam may suggest a turbine drive.
A situation should not be overlooked where both the
chilled and refrigerant condensing water pumps may be
driven by a single thru-shaft turbine since both pumps are
in operation simultaneously. High speed (3500 rpm and
above) pumps are particularly adaptable for direct
connection to turbines.
     In critical and emergency situations auxiliary drives
may be provided; this is another means to drive a pump
in case of failure of the regular drive.
SUPPLEMENTARY COMPONENTS
     Several components supplementing the impeller
shaft and casing are required to complete the centrifugal
pump assembly and to provide various protections and
accommodations in order to:

FIG. 7 – ROTATION DESIGNATION, CENTRIFUGAS PUMP
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1. Avoid destructive wear to either the total unit of
the impeller or the casing; at the same time,
provide close-running clearance between the
lower pressure inlet and the higher pressure
discharge region in the casing (wearing rings).

2. Prevent leakage outward or inward between the
inside of the pump and the ambient outside
(seal). The direction of leakage depends on
whether the pressure within the pump casing is
higher or lower than the ambient atmospheric
pressure.

3. Support and align the rotating impeller shaft with
the casing stationary (bearings).

4. Connect the pump shaft to the driver shaft
(coupling) unless the pump impeller is mounted
on the extension of the driver shaft as in the end
inlet, single suction pumps.

5. Support the total pump-drive assembly (bed-
plate).

Wearing Rings
     To achieve the first protective provision the impeller
hub outer surface at the impeller eye and the adjacent
casing surface are variously equipped with wearing rings
(Fig. 8). They are respectively the impeller ring and
casing ring. When necessary, only the rings are replaced,
rather than the total impeller or total casing. A variety of
designs and combinations of wearing rings and labyrinth
arrangements are available.
Shaft
     The shaft, a separate carefully designed entity, is
treated in this text together with the impeller as a single
rotating element. The standard shaft is protected from
wear, corrosion and erosion within a stationary support by
a sleeve designed and fitted in many forms. This sleeve
covers the shaft thru a stuffing box or a mechanical seal.
Very small pumps are frequently built with special wear-
resisting shafts to avoid the disadvantages of the
diameter enlargement of the fitted shaft.
Stuffing Box
     The second protective provision (against leakage
between the inside of the pump casing and the ambient
atmosphere) is achieved either by a stuffing box (Fig.9) or
by a mechanical seal. With the stuffing box the sealing
between the rotating shaft or shaft sleeve and the
stationary support is achieved by rings of specially
lubricated materials such as asbestos or metal packing,
held tight by a gland. When the leakage becomes more
apparent, the gland is tightened (within limits).

The sealing, lubricating and cooling liquid is supplied
either from the high pressure region of the casing or from
external sources.
Mechanical Seal
     When handling expensive volatile or high
temperature liquids at varying pressures or when
attempting to provide a truly positive seal, a single or
double mechanical seal is provided. The mechanical seal
differs from the stuffing box with its packing by the
orientation of the sealing. The stuffing box packing seals
axially along the shaft (Fig. 9); the mechanical seal is
formed by contact of two highly polished surfaces of
dissimilar materialset perpendicular to the shaft. One
spring-held inner surface is attached to the shaft, rotating
with it; the outer surface is attached to the stationary part
of the pump.
     It is very important that there is a liquid film between
the surfaces to provide lubrication and cooling.
Mechanical seals are available in numerous designs that
are constantly improved and reduced in cost. They
require practically no maintenance.
     The zero-leakage wet-winding or “canned” motor-
pumps do not need a stuffing box or mechanical seals.
They are leakless and sealless close-coupled motor-
pump assemblies.

Fig. 9 – SLEEVE, STUFFING BOX,PACKING AND GLAND

FIG. 8 – WEARING RINGS
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Bearings
     Bearings are points of shaft support serving to align
the shaft. On double suction pumps the bearings are
located on either side of the pump casing; the outer
bearing is called the outboard, and the bearing between
the pump and the driver is called the inboard. On single
suction pumps both bearings  are between the pump and
drive; the one nearest to the pump is called the inboard,
and the one nearest the coupling or driver is called the
outboard. The bearings are either the sleeve type (minor
usage) or the frictionless ball or roller type. The ball
bearings are used most frequently. Bearings are often
designed to take up thrust resulting from various
unbalanced forces exerted within the pump.
Couplings
     Except for close-coupled assemblies, pumps are
usually connected to the drive thru a coupling. There are
two basic classes of couplings, rigid and flexible. The
rigid coupling does not permit axial or radial  motion. It is
a solid connection providing a continuous shaft. The rigid
coupling is used for vertical pumps.
     While transferring power from driver to pump, the
flexible coupling allows a transverse adjustment for a very
minor misalignment. However the pump alignment must
not be misused; it must be rigidly enforced. Misalignment
causes a whipping of the shaft; it adds to pump and
driver bearing thrust and may result in excessive
maintenance. Misalignment must not be tolerated.
     Flexible couplings are effective in providing also
lateral adjustments (along the length of the shaft) for
either or all of the following: thermal changes, hydraulic
float, or shifting of the magnetic center of the motor. A
variety of flexible couplings as well as adaptation
combinations are available to resolve any particular
requirement to accommodate either the behavior
peculiarity or ease of maintenance.

Bedplate
     The pump and drive assembly must have perfect
alignment. Close-coupled pumps are naturally assembled
into balanced and aligned units. However pumps that are
combinations of drive-coupling-pump units must be
assembled either in the field or at the factory. Many
pumps come preassembled and pre-aligned on a cast
iron bedplate or structural steel support. These pump-on-
bedplate assemblies are ready for bolting and dowling for
level installation on a foundation.  This does not mean that
a factory-assembled pump-coupling-drive unit is
inviolably perfect; accidents may happen in transit.
Therefore, during installation the pump must be
rechecked for alignment and level position. Cast iron

bedplates are often equipped with a rim for containing
and draining the pump leakages. Otherwise, separate
provisions must be made for collecting and disposing of
leakage.
MATERIALS
     Centrifugal pumps used in air conditioning and
refrigeration are usually made of standard materials
except in special instances of pumping sea water or
corrosive or highly electrolitic brines. The pumps are built
of special materials for the case of strenuous hydraulic
circumstances or for handling extremely low temperature
liquids; in the latter instance the strength and brittleness
of standard materials should be examined. For pumps
used with high temperature water (HTW) up to 300-350 F,
a standard cast iron casing is applicable. With either high
temperatures (above 250 F) or low temperatures (below
50 F), the choice of materials for the impeller-shaft-
supplementary components assembly becomes critical.
The materials must be chosen such that the thermal
expansion and contraction of these parts are equal.
     According to Hydraulic Institute terminology for a
standard fitted pump the standard materials used are:
cast iron casing, steel shaft, bronze impeller as well as
wearing rings and shaft sleeve (when used). A pump so
constructed is termed bronze fitted. When all parts
(casing, impeller, various rings, shaft) of the pump that
come in contact with the liquid to be pumper* are made
of bronze, such a pump is termed all bronze; in the case
of all iron parts, the pump is termed all iron.  There are
many varieties of material deviations to fit the specific
needs. Figure 10 shows the major parts of a bronze-fitted
pump.
     There are two basic approaches in the selection of
pump materials:

1. If the engineer is thoroughly experienced for the
given application, he dictates the specifications.

2. If the manufacturer has wide experience in
selecting the appropriate materials, then the
engineer furnishes the manufacturer compre-
hensive data on the liquid pumped, including the
operating temperature, the physical char-
acteristics as this temperature and any peculiari-
ties of the operation.

*Bearings,  bearing   housings   and   other   parts   of  the  pump
  external to  the  liquid passage are not in  contact with the liquid   
  pumped, and are   made   of   appropriate    industry   standard
  materials.
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FIG. 10 – MAJOR PARTS OF A PUMP

CENTRIFUGAL PUMP FUNDAMENTALS
     Having covered the mechanical aspects of the
centrifugal pump and before considering it as part of the
liquid circulating system, a discussion of pump behavior
is presented.
BASIS THEORY
     The rotating impeller imparts to a fluid a centrifugal
force, kinetic energy in the form of velocity. The volute
converts about 50 percent of the kinetic energy into the
pressure head, potential energy measured in feet of fluid
handled. As the fluid flows thru the impeller vanes, a
reduced pressure zone is created at the inlet to the
vanes. The atmospheric or system pressure and the static
head of the fluid as available act on the pump suction
inlet and force the liquid into the pump. This pressure at
the pump suction plus the pressure the flow of the liquid.
This is fundamental to the application of the centrifugal
pump.
NET POSITIVE SUCTION HEAD
     If the pumping is limited only to that normally applied
in the air conditioning cold water closed circuit systems,

there is no need to be concerned with sufficiency of the
suction pressure to force the liquid into the pump suction.
However, the various liquids at any given temperature
have a definite saturation pressure at which they turn to
vapor. In the field of air conditioning and refrigeration
situations exist to handle water, brines and refrigerants at
any temperature and pressure level. It is the problem of
the process and pump application engineer to be sure
that under any set of circumstances there is sufficient
pressure on the liquid fed to the pump to prevent the
liquid from flashing into vapor.

Between the pump suction nozzle and the minimum
pressure point within the pump impeller, there exists in
addition to the suction velocity head a pressure drop.
This pressure drop is due to velocity acceleration, friction
and turbulence losses. The suction head (feet of liquid
absolute) determined at the suction nozzle and referred
to a datum line less the vapor pressure of the liquid (feet
absolute) is called the net positive suction head or NPSH.
The suction head necessary to keep liquid flowing into
the pump and to overcome the pump internal pressure
losses is the required NPSH of the pump.
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FIG. 11 – NET POSITIVE SUCTION HEAD, OPEN SYSTEMS (COLD WATER)

FIG. 12 – NET POSITIVE SUCTION HEAD, CLOSED SYSTEMS (COLD WATER)
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The required NPSH of a pump is part of the standard
design performance data furnished by the manufacturer
or of a design specific to a given process pump.
     The net positive suction head (pressure in feet of
liquid) of the process liquid system as it exists within the
system complex at the entering (suction) side of the
pump is called the available NPSH. It must be at least
equal to or greater than the required NPSH in order to
produce a flow thru a pump. A safety factor should be
considered to cover a possible excess of required NPSH.
     The available NPSH is the algebraic sum determined
by the formula:
Available NPSH = f

vpa HH
grsp

PP312
S −+

− )(.

    Where:
    NPSH   = net positive suction head (absolute pressure, ft)
    2.31    = conversion factor  to  change one pound pressure at a 

specific gravity of 1.0  to pressure head in feet of 
water  (1 inch Hg = 1.134 ft of water).

    Pa      = atmospheric pressure (absolute  pressure, psia) in an 
open system; or pressure (absolute, psia) within a 
totally closed system.

   P v p      =vapor  pressure (ps ia)  o f  the f l u id at  pumping 
temperature; in a totally closed system it is part of the 
total pressure Pa.

 Hs      = elevation head, static  head  (ft) above or below the 
pump center line. If above, positive static head; if 
below, negative static head, sometimes termed 
suction lift.*

     Hf      = friction head (ft) on the suction side of the system 
including piping, fittings, valves, heat exchangers at 
the design velocity (Vs  in ft per sec) within suction 
system.

     sp gr   = specific  gravity   of  liquid  handled  at  operating
                    temperature (Fig. 14).
     Figures 11 and 12 illustrate the application of the
calculation of available NPSH to the variety of open and
closed circuits. Three additional terms are introduced in
these figures:
    Hvp = vapor  pressure (ft) of the fluid at pumping temperature.
    He = entrance   head  (ft),   suction  pipe  entrance  loss   in
               open  systems.
    Hvse = pump suction eye velocity head (ft), (Vse)2/2g. This term is

    usually very  small  as  shown  in  the following tabulation:
Velocity (ft/sec)
Velocity head (ft)

3
.14

4
.25

5
.39

6
.56

7
.76

Velocity (ft/sec)
Velocity head (ft)

8
.99

9
1.26

10
1.26

11
1.88

12
2.23

FIG. 13 – EFFECT OF ALTITUDE ON ATMOSPHERIC
PRESSURE

     A pressure selected to be maintained above
atmospheric pressure in the top circuit of a closed piping
system determines the design H (expansion tanks) pressure
(Fig. 12).
     On examining Fig. 11 and 12, it is evident that the
available NPSH may vary, especially with critical fluids.
The variables that may be either fixed or adjusted are:

1. Altitude of the system location above or below
sea level; Fig. 13 Shows the change of
atmospheric pressure (feet of cold water) with
the altitude. The greater the altitude, the lower is
the available atmospheric pressure (Pa in psia or
Ha in ft) which influences an open system. The
totally closed system pressure Pa may be
regulated.

2. Vapor pressure of the liquid (Fig. 14) pumped at
operating temperature Pvp (psia) or Hvp (ft);
Figure 14 shows the vapor pressure of water at
various temperatures. This pressure may or may
not be adjusted.

3. Friction losses of the pump suction piping
system; the larger the pipe, the less are the
friction losses Hf (ft) for a given fluid flow.

*It  must  be  remembered  that  a  pump  does  not  lift  the liquid it
moves; a pump must have pressure to produce the flow.
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FIG. 14-PROPERTIES OF WATER AT VARIOUS TEMPERATURES

www.HVAC-ENG.com



4. Elevation of the source of liquid static head Hs(ft, positive or negative); pump location may be
altered to increase or reduce static head. There
are limitations to the negative head (suction lift).

SUCTION LIFT
     The suction lift of open systems is not too frequent a
factor in the design of air conditioning and refrigeration
systems. Basically a pump does not lift; to operate, it
must have pressure at its suction. Thus the maximum lift
is determined by the required NPSH and limited by the
available NPSH pressure.
     The atmospheric pressure at sea level is 33.9 feet of
water. For cold water at normal temperatures Hvp equals
approximately one foot; therefore the gross suction
pressure may be considered as 33 feet. Based on an
operating rule that available NPSH should at least equal
the required NPSH, normal suction lift should be limited.
The limitation is the amount of available NPSH remaining
after deducting from the gross suction pressure the He, Hfand the required NPSH (Fig. 11b) of the pump plus a
safety factor, to allow for possible vagaries and to prevent
appearance of cavitation and consequent vibration of the
pump. There must be pressure at the suction for the
pump to do normal work.
     To quote from paragraph B-44 of the Hydraulic
Institute Standards, “Among the more important factors
affecting the operation of a centrifugal pump are the
suction conditions. Abnormally high suction lifts (low
NPSH) beyond the suction rating of the pump usually
cause serious reductions in capacity and efficiency, often
leading to serious trouble from vibration and cavitation.
SPECIFIC SPEED
     Paragraph B-45 of the Hydraulic Institute Standards
states: “The effect of suction lift on a centrifugal pump is
related to its head, capacity and speed. The relation of
these factors for design purposes is expressed by an
index number known as the specific speed.”
     This number is used by pump designers to arrive at an
optimum efficiency, expressed a follows:
              Specific speed Ns = ×75.0H

5.0gmp rpm
Where:
     H      = head (ft) * based on the maximum diameter impeller
               at the design capacity.
     gpm  = capacity at best efficiency.
     rpm   = mechanical speed at which the gpm and head are
                  obtained.

*In case of a multi-stage pump, head of each stage.

    The specific speed may be defined as the rpm at
which a pump of a particular design would have to
operate to deliver on gpm against a head of one foot.
Specific speed is an index to the type of impeller (Fig. 1).
The lower the specific speed, the more the blades of the
impeller are of an arrangement to deliver a strictly radial
flow; the higher the delivery head, the smaller the
required NPSH. Excessive reduction in required NPSH
may lead to cavitation. The radial flow impellers afford
more regulated flow thru the impeller vanes.
CAVITATION
     The lack of available NPSH show up particularly in
pump cavitation. If the pressure at any point inside the
pump falls below the operating vapor pressure of the
fluid, the fluid flashes into a vapor and forms bubbles.
These bubbles are carried along in the fluid stream until
they reach a region of higher pressure. Within this region
the bubbles collapse or implode with a tremendous shock
on the adjacent surfaces. Cavitation accompanied by low
rumbling or sharp rattling noise and even vibration
causes mechanical destruction in the form of pitting or
erosion.
     Remedies to eliminate cavitation are apparent from
the tabulation of variable elements in an evaluation of
available NPSH. The first two factors are fixed; the system
is installed at a definite altitude, and the temperature of
the fluid is fixed by the process. Therefore, only the two
remaining adjustments can be made; decrease the
friction loss and/or change the elevation of the pump to
increase the static head.
     Do not tamper with the pump suction inlet; do not
request the pump manufacturer to enlarge the pump
suction in order to decrease the required NPSH.  The
pump efficiency falls off and the whole performance of
the impeller is upset.
VORTEX
     A whirling fluid forming an area of low pressure at the
center of a circle is called a vortex. This is caused by a
pipe suction placed too close to the surface of the fluid.
Such a vortex impairs the performance of a pump and
may cause a loss of prime.
     In the case of pump suction in a shallow water sump
such a vortex may be prevented by placing a plate close
to the intake at a distance of one-third diameter from the
suction inlet. The plate should extend        diameters in all
directions from the center of the inlet.

2 1/2
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FIG. 15 – DESIRABLE HEAD-CAPACITY CURVE

PERFORMANCE
     When a pump designer has established the specific
speed of a pump, its capacity-head curve is then defined.
The pump operates on this curve (Fig. 2 and 22) unless
some physical change is effected.
     Head-capacity curves should not droop at shutoff
conditions; this leads to a surging operation when the
flow is throttled into this range. Neither should the curves
be too flat. The steepness in the pump head-capacity
curve (Fig. 15) most desirable for an air conditioning and
refrigeration application is shown by the solid line.
     The performance characteristics of a centrifugal
pump as expressed by a head-capacity curve are
influenced in several ways:

1. Variation in speed-proportionally raises or lowers
the head and capacity. The whole head-capacity
curve shifts up or down.

2. Varying impeller diameter – varies the capacity
and head proportionally, as in Item 1.

3. Varying impeller width – proportionally varies the
capacity.

4. Varying the pitch and number of vanes within the
impeller changes the shape of the head-capacity
curve. Spoke-like vanes or more vanes usually
produce a flat curve.

5. Varying impeller and vane designs produce
variations in head-capacity relationships. Narrow
impellers with larger impeller-to-eye diameter
ratios develop larger heads. The wide impellers
with low diameter ratios are used for large flows
at low heads.

     The changes in speed and impeller diameters are
reflected in pump performance a follows:

                                                     or
     Capacity varies directly,
     Head varies as the square,
     Bhp varies as the cube of speed or impeller diameter change.
     The performance of a centrifugal pump is affected
when handling viscous fluids. The effects are a marked
increase in brake horsepower and decrease in head,
capacity and efficiency (Fig. 16).

POWER AND EFFICIENCY
     In pump operation two power requirements may be
evaluated, liquid power and actual power (brake
horsepower that takes into account the pump efficiency).
Liquid power is the product of the weight of the liquid
pumped (gpm), pump head (ft), and the conversion
factors. Brake horsepower is the actual power output of
the driver, pump input, or liquid power divided by pump
efficiency. Pump efficiency is the relation between the
liquid (theoretical) power and the actual mechanical
power input (a greater amount due to machine losses).
The efficiency is expressed as a decimal. This should not
be confused with driver efficiency since the letter is the
relation between the output of the driver and the energy
input to produce the power to drive the pump and
compensate for losses within the driver.

where:
   3960 = 33,000 (ft lb)/ 8.33 (lb/gal water at 1.0 sp gr), used
              to convert to horsepower.
     Sp gr = specific gravity of liquid.
     Viscosity* of the liquid pumped affects the friction
losses and therefore the pump horsepower requirements.

FIG. 16 – INFLUENCE OF VISCOSITY ON
PUMP PERFORMANCE

*Viscosities and specific gravities for various brines at meanbrine temperatures
are found in Part 4.  Viscosities must be expressed in consistent units.3
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Bhp = U.S.gpm x pump H (ft) x sp gr
3960 x percent pump eff
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CENTRIFUGAL PUMP AND SYSTEM
SYSTEM HEAD
     A flow of liquid within any system of piping including
fittings, valves and heat exchangers requires a system
head consisting of a velocity head (usually insignificant)
and friction head, and must overcome a static head. Thus
in any piping system the system head is the algebraic
sum of the static head on the pump discharge minus the
static head on the pump suction plus the friction losses
thru the entire system of fluid flow. With an increase in
flow the friction losses increase approximately as the
square of the flow; when plotting head against capacity
flow, a parabolic head curve is formed (Fig. 17).

OPERATION IN A SYSTEM
     A given centrifugal pump operates along its own
head-capacity curve. At full capacity flow the operating
point falls at the crossing of the pump head-capacity
curve and the system head curve (Point 1, Fig. 17). If the
pump is throttled, the operating point moves up the head-
capacity curve (Point 2); if it is desired to obtain greater
flow to operate down the head-capacity curve (Point 3),
the path of flow in the system must be eased to reduce
the friction losses. Otherwise the pump must be either
speeded up or the impeller increased in diameter. Then a
new head-capacity curve is established (Point 4). The
engineer must carefully analyze the system and select the
pump from the manufacturer’s performance head-
capacity curves.
If the system head is overestimated and the pump is
selected with a high head-capacity curve, unfortunate
results may follow. The pump will operate on its head-
capacity curve to produce an increased flow at
decreased head and increased horsepower demand
(Fig. 18). The system head should always be calculated

FIG. 18 – EFFECT OF OVERESTIMATING PUMP HEAD

without undue safety factor extention or as close as
practical to the true values to eliminate possible waste of
horsepower or possible overload of pump motor with an
unvalved system.
     The true evaluation of system head is specially
important when designing a system with pumps in
parallel or in series.
PARALLEL OPERATION
     The operation of pumps in parallel results in multiple
capacity against a common head (Fig. 19). This type of
application is for a system requiring high capacity with a
relatively low head or for variable systems where a
number of small pumps handle the load with one or more
pumps shutting down as required. The pumps should
have matched characteristics. Drives should have ample
power to avoid overloading when operated singly.
SERIES OPERATION
     The operation of pumps in series results in multiple
head with a common capacity (Fig. 20). This type of
application is for systems requiring a high head and a
relatively low capacity. Careful consideration of fluid flow
must be made to safeguard the booster pump. Normally
a series flow is provided for by a multi-stage pump.
HIGH BUILDINGS
     The operation of pumps at the base of high buildings
requires an analysis of pressures on the discharge and
suction sides of the pump.  The static head of the fluid in
the piping system plus the head developed in the pump
may necessitate the use of 250 lb pipe and fittings and
even a reinforced pump casing.

FIG. 17 – CROSSOVER POINT OF PUMP AND
SYSTEM CURVES
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FIG. 19 – TWO EQUAL CAPACITY PUMPS,  PARALLEL
OPERATION

FIG. 20 – TWO EQUAL CAPACITY PUMPS, SERIES

OPERATION

WORKING PRESSURE
     Pump casing working pressure is the total head
developed by the pump to overcome friction losses of the
system plus the suction static head minus the friction
losses in the pump suction line, from the junction of the
expansion tank line to the pump suction. The problem
outlined in Fig. 21 and its solution serve as an example.

Given:
600 gpm of water
6 in. steel pipe, standard weight
Ells, long radius, R/D = 1.5

Find:
Total pump head (ft)
Pump casing working pressure (psig)
Suction pressure (psig)
Discharge pressure (psig)

FIG. 21 – PUMP SYSTEM TOTAL HEAD AND PUMP
CASING WORKING PRESSURE

Example 1 – Calculation of Total Head and
 Working Pressure

Solution:
 (based on data in Part 3, Chapter 2, Water Piping)
   Friction head Hf, suction line
   (from expansion tank to pump)

Straight pipe =   94 ft
Five ells =   50 ft
One gate valve =     7 ft
Suction head total = 151 ft × 2.35 ft Hf  / 100 ft

= 3.54 ft
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Friction head Hf, discharge line
 (from pump to expansion tank)

Straight pipe = 190 ft
One      enlargement  =     9 ft
Six ells =   60 ft
Four gate valves =   28 ft
One globe valve = 170 ft
Discharge head total = 457 ft × 2.35 ft Hf/100 ft

= 10.75 ft
Pump system total friction losses Hf

Suction piping      =  3.54 ft
Discharge piping   = 10.75 ft
Heat exchanger     = 20.00 ft
Coil = 12.00 ft
Pump head total = 46.29 ft

Pumps casing working pressure
Static head =  80.00 ft
Less suction line Hf =    3.54
Subtotal =  76.46 ft
Plus system Hf =  46.29 ft
Working pressure = 122.75 ft × 2.31 ft per psi

=  53.1 psi
Suction pressure gage reading
       Static head    = 80 – 4            =  76.00 ft

Less Hf  of straight pipe* = 86 ft
3 ells              = 30 ft
1 gate valve       =  7  ft

86 + 30 + 7 = 123 ft
Less suction head  = 123 ft × 2.35 ft Hf  / 100 ft

    =  -2.89 ft
         Net  =  73.11ft

Suction pressure = 73.11 ft/2.31 ft per psi = 31.7 psi
Discharge pressure gage reading

Suction pressure gage plus pump system total Hf
= 73.11 + 46.29   = 119.40 ft

Less Hf of straight pipe    = 16 ft
1 enlargement       =   9 ft
3 ells = 30 ft

16  + 9 + 30 = 55 ft
Less discharge head  = 55 ft ×2.35 ft Hf  / 100 ft  =

-1.29 ft
     Net = 118.11 ft

Discharge pressure = 118.11 ft/2.31(ft per psi) = 51.2 psi

NOISE
     The centrifugal pump is inherently a relatively quiet
machine. However, in the case of a motor driven pump
there are possible motor disturbances such as motor fan,
bearings and magnetic noise (Chapter 2), in addition to
the normal hydraulic and mechanical disturbances
originating in the pump.
*     Distance between expansion tank and gage.
† Distance between gages

A fixed frequency vibration (rpm times the number of
blades divided by 60) may be set up by a pump using
too large an impeller. Sometimes, to produce quiet
operation a recommendation is made to use an impeller
diameter 10-15% smaller than the largest size that will fit
in a given pump casing.
     Operation of the pump under conditions of insuffi-
cient NPSH must be avoided to preclude formation or
aggravation of cavitation and noise. However a small
amount of cavitation in a condensate pump operation is
permissible.
     Well designed pumps operating at either 1750 or
3500 rpm rotative speed may be used.
     A pump frequency may coincide with a corre-
sponding frequency in the piping system or building
structure; such telegraphing noise must be avoided.
PUMP SELECTION
     Pump are selected from manufacturer’s performance
curves (Fig. 22). Most standard pumps are de-signed to
operate at maximum efficiency about midway on the
head-capacity curve.  Selecting a pump at the maximum
efficiency point or slightly to the left materially assists in
minimizing problems of noise and vibration. A selection
too far to the right of the efficiency point may lead to
cavitation due to an in-crease in required NPSH.
     Pump efficiency is not the only selection criterion;
quiet operation, lowest first and operating costs and close
conformance to actual needs are parallel objectives.
MOTOR SELECTION
     The horsepower of the motor selected to drive a
given pump must be equal to or greater than the brake
horsepower called for at the operating point of the head-
capacity curve.  There is always the danger of a pump
running away from the selected operating point and
overloading the motor. In case of a nonoverloading
pump-motor combination the selected motor  horsepower
is always larger than the required brake horsepower;

FIG. 22 – TYPICAL PUMP SELECTION CURVES
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a safety margin is provided. If the pump is fitted with a
nonoverloading impeller, it may be possible to select a
motor of smaller horsepower. In either case the brake
horse-power is the same.
CENTRIFUGAL PUMP INSTALLATION
INSTALLATION
     There are several aspects in the application of a
centrifugal pump that are external to the pump itself, yet
important in the installation.
     The suction piping at the centrifugal pump must be
designed with care to avoid possible malfunctioning. The
precautions to be taken (Part 3) are summarized:

1. The suction line approach to the pump should be
as straight as possible and all elbows should
have large radii.

2. A straight section of pipe should be attached to
the suction inlet to allow the fluid to straighten
out before entering the pump; this is especially
true of double suction pumps.

3. The suction line should be one or two sizes
larger than the pump inlet.

4. With an oversized suction line an eccentric re-
ducer must be used, keeping the pipe flat on
top.

5. Suction line should be airtight, with no high spots
where air or gases may separate out of the fluid.

6. A check valve and a gate valve should be in-
stalled at the pump discharges of a multi-pump
system. These should be installed in the order
named to enable the check valve to be serviced
without draining the discharge line.

7. Both the suction and discharge pipe connec-
tions must be supported separately and in such
a way as to impose no strain on the pump.

8. The suction line for the pump operating with a
negative static head (suction lift) should have no
valves other than a foot valve. The suction line
should be large and as direct as possible.

INSULATION
     It is advisable not to insulate the pumps intended for
chilled water (brine) service or hot water service. The
refrigerant condensing water pumps need not be
insulated. If a pump is insulated, the insulation should be
applied in a form which permits disassembling of the
pump for servicing without wrecking the insulation.
ISOLATION
     Cork is not an effective isolation material for rotative
speeds below 200 rpm. Rubber-in-shear or corrugated
rubber is useful on the ground floor installations. In more
critical installations, on floors above occupied areas
(especially those of executive offices, board rooms,
libraries, hospital areas) steel spring isolation is
recommended for isolation effectiveness approaching
100%. The concrete foundation of one to two times the
machinery weight serves as a dampening mass and must
be of reinforced construction. For piping isolation refer to
Part 3.

FOUNDATION
     Where requirements for isolation of a centrifugal
pump are at a minimum (basements, outdoors, any
remote location), a foundation is desirable to keep the
pump off the floor or ground level.
STARTING
     Unless the pump is self-priming, it must be primed
before starting.
     When starting the pump, the discharge valve is
usually closed, then gradually opened so as not to run the
risk of overloading the drive motor.
     For more information there is vast experience of
pump manufacturers recorded in their catalog and
handbook data and in innumerable authoritative articles
written by engineers from these manufacturing concerns.
A classical book on pump design and application is
Centrifugal and Axial Flow Pumps, 2nd edition, by A.J.
Stepanoff, 1957.
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CHAPTER 2. MOTORS AND MOTOR CONTROL

    This chapter presents the characteristics of various
motors that drive the equipment normally applied in air
conditioning and refrigeration systems, the functions of
motor controllers, and a brief discussion of the behavior
of electric energy to produce mechanical power.
EQUIPMENT SERVED
     The air conditioning and refrigeration systems
include fans, pumps, and reciprocating, rotary and
centrifugal compressors. To effect the transfer or
compression of various liquids and gases such as air,
water, brine of refrigerants, it is necessary to put this
equipment into motion by prime movers, in this
instance, electric motors. Apart from the factors (source
of electric energy, speed, power) which are used in the
selection of particular motor-starter combinations, a
knowledge of the load torque characteristic for a
particular driven equipment is the most fundamental
requirement. The operational torque characteristics
include those required for starting from rest,
acceleration, and for full load running. The starting or
locked rotor torque is the initial turning effort for
bringing the driven equipment from standstill into
motion; the acceleration torque is the developing of this
motion into operating speed in as alloted time. The full
load torque is the sustained effort by the motor to
maintain the driven equipment in motion under the work
load. The driven equipment torque requirements must
be matched with a drive complex (motor and its control)
of the proper torque and current characteristics.
NORMAL OR HIGH TORQUE MOTORS
     With the exception of the reciprocating and rotary
compressors, the equipment considered is of the
centrifugal type (fans, refrigeration compressors,
pumps) operating at starting within a system of high
and low sides that are equalized. Ordinarily no specific
requirement of starting torque other than normal is
needed. At times with large centrifugal compressors or
fans there exists a pull-up torque problem  because of
the large rotational inertia (Wk2)* of the massive
impellers or wheels. The pull-up minimum torque must
exceed Wk2. A possible problem may exist when small
equipment is driven by an oversized motor with

overpowering torque; this equipment may be damaged
because of excessive acceleration or torque applied.
     The duration of acceleration to full speed at full
voltage is usually 1 to 3 seconds. With open centrifugal
compressors using a standard integral oil pump, it
should be at least 8 seconds, permitting oil to reach all
the lubricated surfaces before high speed is
developed. When an auxiliary oil pump is used, it
should be at least 5 seconds to prevent excessive
stress con-centration on the keyway of the compressor
shaft.
     The present methods of starting the larger
reciprocating compressors with cylinders either fully or
partially unloaded permit the use of normal starting
torque motors. The smaller, hermetically driven
compressors are started fully loaded with a requirement
of high starting torque.
     The application of rotary compressors as low
pressure differential boosters in a refrigeration system
does not present any unusual requirement of starting
torque; therefore, a normal starting torque motor is
applicable.
     Centrifugal, propeller or axial fans may be either
belt or direct connected to electric motor drives. In all
cases the torque requirements are normal. The fans
should start smoothly and without undue noise.
     The fan cfm is directly proportional to speed; the
system resistance varies as the square of speed; and
the horsepower required varies as the cube of speed.
     Because the gas density at the suction of a
centrifugal compressor usually increases during
shutdown, the torque requirements of centrifugal
compressors do not necessarily follow the fan laws.
Normal torque motors are usually used for driving
centrifugal com-pressors; however, they must be
started either with an almost completely closed suction
damper or pre-rotation guide vanes to prevent the
increased gas density from imposing an excessive
overload at full speed.
*In this expression W = weight of the body; k = radius of
gyration
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FIG. 23-TORQUE CHARACTERISTICS

     Figure 23 illustrates typical torque requirements of
fans, pumps, and reciprocating and centrifugal
compressors. Pumps usually have a check valve in the
discharge; therefore, the break exists in the torque
requirement curve. There is a decided difference in
torque requirements of reciprocating compressors,
whether they are started with cylinders loaded or
unloaded. The breakaway and acceleration torques
shown for centrifugal compressors are determined by
the friction and the Wk  2.

MOTORS OF MATCHING CHARACTERISTICS
     The energy necessary to operate motors is
available in two services: (1) direct current (d-c),
unidirectional and at constant pressure, and (2)
alternating current (a-c), alternating in pressure and
direction. Since direct current is used infrequently
except in certain industrial processes, special
purposes, or in some remote communities, this text
concentrates only on a-c electrical equipment.
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TABLE 1-SINGLE AND POLYPHASE A.C. MOTOR CHARACTERISTICS
Speed Full Voltage

Motor Type HP Rating Characteristics Starting Starting Remarks
Torque Current

POLYPHASE
Squirrel-cage Small to large Constant and High to normal Low to normal Most widely used for constant
induction multi-speed speed service
Wound-rotor All Constant or High Low For application requiring high

variable starting torque and low starting
current, or limited variation in
speed control

Synchronous Medium to Strictly constant Normal to low Low to normal For constant speed service and
large where power factor correction is

required
SINGLE-PHASE

Capacitor-start, Small* Constant High Normal General purpose
induction-run
Capacitor-start, Small* Constant High Low High efficiency
capacitor-run
Split-phase Fractional Constant Normal Normal Least expensive of higher starting

torque types, general purpose
Permanent Fractional and Constant or Low Normal Quiet, efficient; low running current;
split-capacitor small integral adjustable varying poor starting torque
Shaded-pole Fractional Constant or Low - Inexpensive; poor starting torque;

adjustable varying least efficient; high running current

*Up to 7.5 hp

     This chapter describes a-c motor drives and motor
controllers which match the torque characteristics of
the driven equipment. The motor sizes discussed are
fractional (up to 1), integral (above 1) and medium to
large horsepower. The types of motors include single
phase capacitor, polyphase squirrel cage induction,
and synchronous motors. However most applications
use the simple polyphase squirrel cage induction
motor. Major characteristics of a-c motors are shown in
Table 1.
     Each type in Table 1 offers specific motor
characteristics of starting torque, starting current and
operating speed to meet the requirements of various
industrial applications. The motors used in air con-
ditioning systems fall into two groups: (1) singlephase
motors for small systems, and (2) polyphase squirrel-
cage induction motors for large systems. Occasionally
wound-rotor and synchronous motors may be used for
refrigeration centrifugal compressors.

     In the medium sizes of squirrel-cage induction
motors Type B (Table 3) is preferred, having normal
starting torque and low starting current; these
characteristics conform to normal equipment torque
requirements and to the regulations of power
distribution by the utilities. These regulations are
directed toward leveling the demand for current by the
consumers so that at any one moment of power flow
there is no extreme dip that might cause flickering of
the lights and other anomalies along the electric
system.
EQUIPMENT AND MOTORS
    The purpose of a motor is to supply mechanical
power to drive equipment. The preceding discussion
states that the motor must inherently possess
necessary torque, and must not affect the power line
adversely by its current requirements. Table 2 lists the
major varieties of equipment and motors that are
applied in each case.
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TABLE 2 – EQUIPMENT AND MOTORS
MOTORS

EQUIPMENT Single Phase Approximate Horsepower Range
Room fan-coil units Shaded-pole (air-over) Fractional up to 1/3 hp

Permanent, split-capacitor
Small fans with any equipment (air-over, self-ventilated or refrigerant-cooled)
                  and Fractional and integral up to 5 hp
Hermetic compressors Capacitor-start, capacitor-run

(air-over, self-ventilated or refrigenant-cooled)
Polyphase Approximate Horsepower Range

Fans, pumps and centrifugal compressors Squirrel-cage induction (constant speed)* Integral above 1 hp
Open reciprocating compressors Squirrel-cage induction (constant speed)** Integral above 1 hp
Centrifugal compressors Wound rotor (varying speed) Large
Centrifugal compressors, Pumps Synchronous (constant speed) Large, medium
Hermetic reciprocating compressors Hermetic (refrigerant-cooled) Small to medium
Hermetic centrifugal compressors Hermetic (refrigerant-cooled)† Medium to large
Absorption machine solution pumps Hermetic (solution-cooled)†† Small

*      NEMA Design B, Insulation Class A (Tables 3 and 4).
**    NEMA Design C, Insulation Class A (Tables 3 and 4).
† At times wound for star-delta starting.
†† Insulation Class F (Table 4).

Fans may be either included with a built-up system or
coupled directly in any type of equipment complex
containing coils, filters and spray chambers. The
composite equipment may include fan-coil units, self-
contained packages, condensing units, heat pumps, unit
heaters and cooling towers.
     The motors may be encased in any enclosure (open
type to explosion-or weatherproof type), depending on
the design of equipment, application and customer
desire.
STANDARDS AND CODES
     Motor manufacturers are guided by the Standards

of the National Electric Manufacturers Association
(NEMA. Motor installation should conform to the utility
regulations and local codes and ordinances. NEMA
standards for motors cover frame sizes and dimensions,
horsepower ratings, service factors, temperature rises,
and performance characteristics.
     Reference is also made to the National Electric Code
(NEC) sponsored by the National Fire Protection
Association, Underwriters’ Laboratories, Inc., AIEE
Standards, and federal and military standards when
applicable.
     The standard ambient conditions for normal motor
operation are assumed to be a location with an
unobstructed circulation of clean, dry air at a temperature

TABLE 3-CHARACTERISTICS OF SQUIRREL-CAGE INDUCTION MOTORS, NEMA DESIGN A, B AND C
NEMA TORQUE (Percent of Full Load) STARTING

DESIGN Starting Breakdown CURRENT SLIP
A Normal Higher than Normal Normal On moderately easy-to-start loads requiring slightly

(Rarely used) 100 to 275 Design B more than full load starting torque, low slip and moder-
ately high breakdown torque to sustain occasional
overloads (Design A higher than Design B).

B Normal 200 to 300 Normal Low For fans and blowers, centrifugal pumps and compres-
100 to 275 sors, reciprocating compressors (started unloaded).

C High 190 to 225 Normal Low On hard-start loads requiring high starting torque
200 to 250 but not high overload demands.  Used with open

reciprocating compressors (started loaded), rotary pumps.

APPLICATION
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of 40 C (104 F) and at an altitude not exceeding 3300
feet (1000 meters). At higher altitudes the rarefied air
produces insufficient cooling.
     Special insulation must be provided for motors
applied in the tropics because they may be exposed to
excessive ambient temperatures, humidity and fungus.
     The motors and motor controls utilized to drive the
equipment used in air conditioning and refrigeration
systems are described in the following sections
POLYPHASE A-C MOTORS
     The operating characteristics inherent in various
polyphase alternating current motors (squirrel-cage,
wound-rotor and synchronous) are shown in Table 1.
The text that follows describes the mechanical
construction, electrical behavior and application.
     Fundamental relations and terminology used in the
field of electricity are to be found in Fundamental
Relations.

SQUIRREL-CAGE INDUCTION MOTOR
     The most widely used motor is the squirrel-cage
induction type.  It is simple in construction, easy to
start, and in combination with the starting equipment it
is the least expensive in dollars per horsepower; it is
efficient and has a reasonably good power factor.
Figure 24 illustrates a representative performance of a
standard squirrel-cage induction motor.
     The two basic components of a squirrel-cage
induction motors (Fig. 25) are the stator (stationary part)
and the rotor (rotating part) reminiscent of a squirrel
cage.
      A stator consists of a laminated iron core within
and around the inner rim of which are distributed
insulated windings. These primary windings are three in
number for three-phase current and tow for two-phase
current. The arrangement of primary windings is
controlled by the line voltage, number of phases, and
number of poles.  The power source is connected to the
primary windings.
     The rotor consists of a laminated iron core with bar
windings in various shaped slots around the periphery
of the core. The bar windings at a design resistance
specific to various NEMA design (Table 3) are
interconnected (short-circuited) with rings. The rotor
mounted on a shaft is in turn mounted in bearings.
There are no direct power connections to the
secondary windings. The current in the rotor is induced,
therefore the name induction motor.

Thru a specific design arrangement of windings
within the stator and with the positive and negative

FIG. 24 – TYPICAL PERFORMANCE, STANDARD
SQUIRREL-CAGE INDUCTION MOTOR (MEDIUM SIZE)

alternations of the current imposed, a magnetic field
known as flux is established.  This magnetic field has a
definite polarity changing with each alternation in
current. With an arrangement of windings to form two
poles within the stator, the resultant flux leaves the
stator at one point (north) and re-enters at an opposite
point (south) (Fig. 26). During the next alternation the
polarity changes; thus the flux is rotated. In a four-pole
windings arrangement the flux leaves the stator at two
opposite points (both north) and re-enters at two
opposite points (both south). This flux pulsates with the
rise and fall of current; these pulsations and alternating
polarity in the stator poles produce the rotating
magnetic field. As the stator-created flux revolves, it
cuts the bars or coils of the rotor; in so doing, it induces
a voltage within the rotor circuits (transformer-like
action).

FIG. 25 – STATOR AND ROTOR, SQUIRREL-CAGE
INDUCTION MOTOR

www.HVAC-ENG.com



Part 8. Auxiliary Equipment | Chapter 2. Motors And Motor Controls

FIG. 26 – INITIAL FLUX IN STATOR, INDUCED FLUX
IN ROTOR, SQUIRREL-CAGE INDUCTION MOTOR

(2-POLE, 3-PHASE)

Current generated in the rotor bars sets up a magnetic
field of its own Fig. 26). The interaction of forces
created produces the turning torque that accelerates
the rotor and in turn puts in motion the external load to
which the motor is connected.
     The speed of the stator-created rotating flux is the
synchronous speed (rpm) of the motor. If a current is
impressed on the stator and if the rotor is held at a
standstill, a magnetic field revolves past the rotor
conductors at a synchronous speed, generating a
maximum current in rotor conductors. If the rotor is
driven at the same synchronous speed, then its
conductors do not cut the stator flux, and no current is
generated within the rotor. Since there is no current in
the rotor conductors, there is no torque, no turning
effort developed by the rotor. However the windage,
friction and applied load create a slowing down of the
rotor below the synchronous speed of the flux, allowing
the motor to develop torque. The difference (by design)
in rotor speed is the slip of the motor. The current
generated within the decelerated rotor is sufficient to
produce the torque necessary to rotate the driven
equipment.
NEMA Designs
     To obtain uniformity in applications NEMA has
defined specific designs of integral horsepower
squirrel-cage induction motors up to  200 hp in size.
Each design conforms to specific starting and break-
down torque, starting current and slip.
     Table 3 gives the ranges of starting and
breakdown torques, current and slip characteristics of

FIG. 27 – TYPICAL CURRENT AND TORQUE CURVES FOR
NEMA DESIGNS, SQUIRREL-CAGE INDUCTION MOTOR

NEMA Design A, B and C squirrel-cage induction
motors. (Designs D and F are not included since they
are not used in air conditioning applications.) The table
also cites the equipment to which the motor designs A,
B and C are applicable.
     NEMA Design C motors usually have double
windings in the rotor. The outer slots are utilized to
provide high resistance at starting, creating the high
locked rotor torque and moderate starting current. The
low resistance inner slots carry most of the induced
current during full load, thus offering low slip and high
efficiency.
     Figure 27 demonstrates the shape of torques
developed and current used by NEMA Design A, B and
C squirrel-cage induction motors. The significance of
the magnitude of starting torques is their ability to
overcome driven equipment inertia; the significance of
starting currents is their capacity to affect adversely the
power supply. Chart 1 illustrates approximate
efficiencies of these motors.
     Manufacturers must be consulted for motor data for
a given application.
Special Winding Arrangements
     To accommodate a power company requirement of
reduced current draw on the power line at start-up,
there are two varieties of squirrel-cage induction
motors. These have a special arrangement of primary
stator windings, namely part-winding (Fig. 44) and star-
delta motors (Fig. 45).
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CHART 1 – APPROXIMATE FULL LOAD
EFFICIENCIES, SQUIRREL-CAGE INDUCTION

MOTORS

     The part-winding type is a polyphase motor with
two or more circuit winding. It may be a dual voltage
(110/220 or 220/440) motor; the suitability should be
checked with the manufacturer (see also Motor
Controls). The starter is arranged to start the motor on
one set of windings and after a time delay to apply all
windings across the line.  Such a combination provides
motor starting on about 65% of full voltage locked-rotor
amperes while the locked-rotor torque available is
about 48% of full voltage starting torque. This
arrangement may be less expensive than the use of a
standard motor and a reduced voltage starter. A
reciprocating compressor, either open or hermetic, may
be equipped with part-winding motors.
     The star-delta type is a motor with stator windings
in delta arrangement with additional leads to circuit the
windings in star arrangement; the leads brought out
from each end of each winding may be connected
either in star or delta by the starter. The motor is started
on star arrangement of windings and is fully operated
on dalta arrangement of winding. The starting locked-
rotor current is about 33% of the maximum, and the
torque is about 33% of full voltage starting torque; these
conditions are suitable for low starting torque
applications such as centrifugals with inlet closed.
However the star-delta (wye-delta) arrangement has
been adopted for hermetic centrifugal compressors.
Multi-Speed Motors
     At times there is a need for two or more fixed steps
in speed change for the operation of driven equipment
(fans). The polyphase squirrel-cage induction motors
may be obtained in two-, three- (rarely used) or four-
speed arrangements. The multi-speed motor operation
is obtained by either multiplying or rearranging the
stator windings. Depending on the complexity of these
design requirements, the multi-speed motor may be
contained either in the same frame size as the single-

FIG. 28 – TYPICAL HORSEPOWER AND TORQUE
CURVES, MULTI-SPEED SQUIRREL-CAGE

INDUCTION MOTOR

speed motor of the same horsepower rating or in a
frame larger by at least one size (contributing to an
increase in cost).
     The two-speed motors have either single
consequent windings (separate leads) or two
independent windings (double superimposed) in the
stator to obtain respectively 2:1 or 3:2 ratios in speed
change, and variable or constant torque
characteristics.
     The four-speed motors are usually in 1800/1200/
900/600 rpm combinations for 1800 rpm synchronous
speed, and 1200/900/600/450 rpm combinations for
1200 rpm synchronous speed. Three and four-speed
motors usually have consequent pole separate
windings.
     The multi-speed polyphase squirrel-cage induction
motors are constructed according to these standards:

1. Motors producing variable torque, that is
decreasing torque with decreasing speed.
Horsepower delivered varies as the square of
the speed. These motors may be used to drive
centrifugal pumps or fans.

2. Motors producing constant torques thruout the
range of speeds. Horsepower varies directly as
speed. These motors are suitable for
reciprocating compressors.

3. Motors producing constant horsepower at all
speeds. Torque increases with a decrease in
speeds. These motors have no particular
application with equipment in air conditioning
systems.

     Figure 28 illustrates the horsepower and torque
delivery of three types of multi-speed induction motors.
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FIG. 29 – WOUND-ROTOR MOTOR ROTOR AND
CONTROL ASSEMBLY

FIG. 30 – TYPICAL CURVES OF KVA AND TORQUE,
WOUND-ROTOR MOTOR

WOUND-ROTOR MOTOR
     Another variety of squirrel-cage induction motor
that provides higher torque at start-up and a range of
adjustable reduced speed operation is the wound rotor
or slip-ring motor. The reduced speed operation is of
particular interest since it permits part load operation of
refrigeration centrifugal compressors. Next to the
turbine drive with its infinite speed variations, the
wound-rotor motor speed changing is an efficient
capacity control (Part 7, chapter 2, Fig 4).
     The wound-rotor motor is constructed with three-
shase windings in the rotor. One end of each rotor
phase is brought out to a slip ring on the rotor shaft.
Stationary brushes in contact with the slip ring are
connected to an external secondary circuit into which
any desired amount of resistance may be introduced to
obtain the needed speed (Fig. 29). With the slip rings
shorted (external resistance totally excluded) the

wound-rotor motor has speed and torque charac-
teristics of the standard NEMA Design B squirrel-cage
induction motor.
     The kva (Fundamental Relations) and torque
characteristics of a wound-rotor motor are illustrated in
Fig. 30, with succeeding external resistances re-
moved from the circuit. The R1 curve represents all
resistances in; R2 curve shows part of the resistance
removed, and so on to R7 when all resistances are
removed. The power factor during acceleration is
constant.
     An example of wound-rotor motor application to a
centrifugal refrigeration machine is demonstrated in Fig.
31 The motor control has five balanced motor load
torque points dictated by the speed of the compressor
to obtain the partial load operation.
SYNCHRONOUS MOTOR
     Synchronous motors are inherently and strictly
constant Speed motors. Their application is
characterized by the high efficiency of conversion of
electric energy into mechanical energy and by
operating at either unity power factor or leading power
factors, for example 0.9, 0.8. Their speed is unaffected
by changes in voltage or load. Large horsepower
synchronous motors at low speeds are simple and
compact, less costly than the squirrel-cage induction
motors of equivalent rating.
     In construction the synchronous motor consists of a
stator to which a-c power is applied, producing the
primary revolving magnetic field and the rotor spider
that contains field poles and amortisseur (damper)
windings; these windings are similar to those used in
induction motors. The amortisseur windings develop
most of the starting and accelerating torque. At start-up
the synchronous motor simulates the squirrel-cage
induction motor operation; it depends on the
arrangement of slots and windings.
     There are several varieties of synchronous motors.
This text discusses only the direct connected exciter
motors (Fig. 32). On the rotor shaft in addition to the two
windings, there are collector rings and a d-c exciter.
Another method of excitation is by a current furnished
by a separate motor-generator set external to the motor.
As soon as the rotor comes up to speed and runs with a
slip of about 2-3%, a d-c field current from the exciter is
applied to the field windings on the salient (projecting)
rotor poles. The torque developed to pull the motor in
step is called pull-in torque.
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FIG. 31 – SPEED-TORQUE CURVE WITH FIVE BALANCED
POINTS, WOUND-ROTOR MOTOR

FIG. 32 – SYNCHRONOUS MOTOR ROTOR

The magnetized rotor  poles lock in step with the stator
revolving magnetic field and the rotor revolves at
synchronous speed. However if d-c field current is
applied before the rotor reaches 97-98% of
synchronous speed, the rotor may not synchronize,
resulting in severe vibration and high pulsating input
current.
     When a mechanical load (resisting torque) is
applied to the shaft of a synchronous motor operating
at synchronous speed, a balancing counter-torque is
developed and the rotor field poles tend to lag the
stator magnetic field. Any increase in load is

accompanied by an increase in lag angle, resulting in
the motor developing its maximum pull-out torque. Any
further increase in the mechanical load stops the motor.
The normal pull-out torque is usually 150% of full-load
torque with unity power factor motors and 200-250%
with 0.8 leading power factor motors.
     While driving its load a synchronous motor can
have the a-c current input into its stator varied by
changing the strength of the field excitation. This varies
the power factor; it adjusts the armature current to be in
phase with or leading the voltage at any given load.
With a weaker field strength the power factor is less and
the armature current lags the voltage. This is an
abnormal operation of the synchronous motor. When
the field is overexcited, the synchronous motor provides
magnetization (kvar) in excess of its own requirements.
This extra margin is fed into the power supply system.
     This latter feature (Fig. 33) is especially desirable
in systems where a considerable number of squirrel-
cage induction motors are operating. The excess kvar
produced by a synchronous motor is consumed by the
induction equipment in the plant, thus correcting the
electric system power factor.
     Synchronous motors may be useful because of
their inherent tendency to regulate the voltage of the
power system.  With a fall in line voltage the leading
kvar of a synchronous motor is increased, raising the
supply line voltage by the improved power factor of the
line. Rising voltage in a line reverses the processes.
This voltage regulation may be useful on the ends of
long transmission lines, especially if a large inductive
load is present.
HERMETIC MOTOR
     Both centrifugal and reciprocating compressors
are available in hermetically closed arrangements
including motors. The refrigeration machine hermetic
motors are in a separate class since they are cooled by
either liquid or vapor refrigerant at temperatures much
lower than the air used for cooling open motors. Such
motors may operate with a higher temperature rise
without exceeding the maximum temperature on which
the rating of general purpose squirrel-cage induction
motors is based.
     Since their application is quite different, hermetic
motors are usually not rated on a horsepower basis.
They are identified by the full-load and locked-rotor
currents; the significance of this identification becomes
apparent when selecting controls.
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     Hermetic motor manufacturers furnish only the
matched polyphase squirrel-cage induction motor less
shaft, end shields and bearings (no enclosure). The
compressor manufacturer assembles these stator- rotor
matches with compressors within the same en-closures
using proper bearings. The windings are properly
insulated and well bonded, specially for larger size
motors. The small integral motors are occasionally
single-phase and, since sparking contacts cannot be
used, they are the capacitor or resistance split-phase
types with capacitors and switches mounted outside
the compressor assembly.

FIG. 33 – POWER FACTOR IMPROVEMENT WITH
SYNCHRONOUS MOTOR

FIG. 34 – TYPICAL SPEED-TORQUE CURVES, SINGLE-
PHASE MOTOR

SINGLE-PHASE MOTORS
FRACTIONAL AND SMALL INTEGRAL
HORSEPOWER MOTORS
     Small integral motors are generally the polyphase
type; however in many areas of extensive use power is
available only in single phase. Polyphase motors have
two or three separate and uniformly distributed
windings in the stator, one for each phase. The current
in these windings alternates continually and
progressively to produce a revolving magnetic field,
resulting in torque that turns the rotor.
     In single-phase induction motors there is only one
winding in the stator. The alternating current produces
a magnetic field with alternating polarity, but it does not
revolve; it is on “dead center.” Therefore an auxiliary
means must be provided to produce torque to start and
accelerate the motors to full load speed. At full speed
the single-phase motor operates like a polyphase motor
in respect to slip, efficiency and power factor (Table 1
and Fig. 34). The single-phase motors are limited in
overload capacity, and are confined to fractional and
small integral sizes (1/100 to 6 horsepower).

The most popular single-phase motors are
generally available in the following types, voltages and
horsepower ratings:

MOTOR TYPE VOLTAGE HOREEPOWER
Shaded pole 115 and 230 1/100 to 1/4
Resistance split-phase 115 and 230 1/20 to 1/3
Capacitor-start,

Induction-run 115 and 115/230 1/20 to 1.2
Permanent split-

capacitor 115 and 230 1/20 to 5
Capacitor-start,

capacitor-run 115 and 230 1/20 to 6

Resistance Split-Phase Motor (Fig. 35)
     The resistance split-phase motor is the oldest
arrangement of single-phase motors. The rotor has a
squirrel-cage winding similar to a conventional
polyphase motor. There are two stator windings, main
and auxiliary. The main stator winding is made of heavy
wire to provide low resistance and high reactance; the
auxiliary torque-producing winding is made of fine wire
to provide high resistance and hence a higher power
factor. The latter winding is magnetically displaced from
the main or running winding. This arrangement causes
a displacement between the current in the main and
phase windings to simulate a revolving magnetic field.
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With the current on, the rotor is caused to rotate. When
a speed approximately 70% of full load speed is
reached, a centrifugal switch mounted on the rotor and
in series with the auxiliary winding removes this winding
from the circuit. With this impetus the rotor comes up to
speed and the motor operates as a regular squirrel-
cage induction motor. The resistance split-phase motor
has a low starting torque and take a relatively large
starting current, causing a flicker in the lights. The
switch is sensitive to heat and must be protected
whenever exposed to hot air or radiant heat. These
motors are classed as general purpose motors and are
applied to small propeller fans.

FIG. 35 – CONNECTION DIAGRAM,
SINGLE-PHASE MOTORS

Capacitor-Start, Induction-Run Motor (Fig. 35)
     To improve on the characteristics of the split-phase
motor, there is a variety of capacitor motors that have
higher starting torques. The capacitor-start, induction-
run motor usually has an electrolytic capacitor added in

the auxiliary winding circuit; the centrifugal switch is
eliminated. As with split-phase motors, when the motor
has come up to approximately 70-75% of full load
speed, the capacitor and the phase winding are
removed from the circuit by a voltage relay and the
motor runs as a regular squirrel-cage induction motor,
hence the name capacitor-start, induction-run. The
displacement between the current in the main and
phase windings is increased. As compared to
resistance split-phase motors this feature produces
increased starting and  accelerating torques; the latter
enables these motors to come up to speed faster. The
increase in starting torque is due to the use of a low
impedance capacitor. These motors may be used to
operate small fans and blowers of heavier load
requirements.
Permanent Split-Capacitor Motor (Fig. 35)
     The permanent split-capacitor motor is similar to
the capacitor-start, induction-run motor except that the
capacitor and the auxiliary winding remain permanently
in the circuit with the main winding after the motor is
started. The capacitor may be oil-filled for continuous
operation. This motor has no switch and therefore is
simpler to operate. Its starting torque is low (about
45%) since the value of the capacitance is constant.
The capacitance is higher than the normal compromise
value; it is selected for running operation rather than for
starting needs. The breakdown torque is high. Because
of starting torque limitations these motors are not used
in belt-driven applications. However they are efficient,
quiet, and low in current requirements.
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CHART 2 – POWER FACTORS OF ELECTRICAL EQUIPMENT AT FULL LOAD

Capacitor-Start, Capacitor-Run Motor (Fig. 35)
     The capacitor-start, capacitor-run motor has two
capacitors in series with the auxiliary winding and a
transfer switch which cuts out the low impedance
starting capacitor after the rotor reaches two-thirds to
three-quarters full load speed. The running capacitor of
high impedance and low capacitance stays in the
circuit with the auxiliary winding. This motor has the
highest starting torque. Figure 34 demonstrates the
torque characteristics of various single-phase motors
(split-phase and capacitor types).
     The capacitor motors are suited to applications
with normal starting torque such as fans, blowers and
centrifugal pumps.  Motors of higher starting torque
may be applied to reciprocating compressors; these
motors have a rather high lagging power factor while
running (Chart 2).
     The capacitors are either electrolytic or oil-filled
types; performance of both may be affected by low
ambient temperatures. The electrolytic capacitors fall in
performance (about 15%) at a temperature of 0-15 F.
Similarly the oil-filled capacitors fall in performance at a
temperature approaching –10 F. The motor torque

performance must be reduced accordingly at a slightly
higher rate.
Shaded-Pole Motor (Fig. 35)
     The shaded-pole motor (often of subfractional size)
is very similar to the permanent split-capacitor motor in
torque characteristics, that is, low at starting. In place of
auxiliary winding the shaded-pole motor has a
depression at each salient pole filled with a continuous
copper loop, thus shading a small portion of each pole.
Current applied to the main winding of the stator
produces an effect in this shorted loop (shading coil)
that helps to establish the initial low starting torque
which turns the rotor and the load. The running torque
is also low. Thus motors of this type may be applied
only to direct-driven fans such as with room fan-coil
units. The motor is air-over cooled. The efficiency and
power factor of shaded pole motors are very low. They
are the smallest single-phase motor available, usually in
sized smaller than 1/5 horsepower. Figure 35 Shows
connection diagrams for single-phase motors.
     With the use of tapped main windings shaded-pole
motors may satisfy multi-speed applications. Fractional
horsepower, single-phase motors can be adapted to
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multi-speed operation by using an external resistor,
reactor or auto transformer to vary the terminal voltage
in fixed, predetermined steps.
     Other single-phase motors available (generally not
in use with air conditioning equipment) are the
repulsion-induction and repulsion-start, induction-run
motors. These are the commutator type. This
construction utilizes an arrangement in which the main
field winding is connected in series with the
compensating winding and the brushes are short-
circuited. These motors have been developed to pro-
duce a particularly high starting torque. A repulsion
motor has the variable speed characteristics while the
repulsion-start, induction-run motor has constant speed
characteristics of the regular squirrel-cage induction
motor.
     Fractional horsepower series motors that are
adapted for use on either d-c or a-c circuits of a given
voltage are called universal motors.
MOTOR MECHANICS AND ENVIRONMENT
     This section is devoted to the physical-mechanical
aspects of motors in relation to power impressed, full
load operation and the environmental conditions to
which motors are subjected.
INTERNAL OVERHEATING OF MOTOR
     The motor rating is an arbitrarily specified safe
operating limit for the machine determined in
accordance with certain accepted standards. It is
intended to represent the operating limit which the
machine cannot ordinarily exceed for a considerable
length of time without damage to itself. The motor may
exceed its rated load by 10%, 25%, 50%, but at a risk
of a rise in temperature that may permanently injure the
winding and its insulation; in fact the motor will stall on
reaching its maximum in torque rating regardless of
temperature. Motors designed for continuous service
can carry specified loads for reasonably long periods of
time without exceeding  the heating limits.
Windings and Insulation
     From previous discussions it is quite evident that
the motor windings are the heart of the motor. The
power impressed on them must be contained; therefore
the winding must be electrically insulated from adjacent
parts. An electric motor in operation is higher in
temperature than the ambient; the various motor parts
are actually at different temperatures as are also the
sections of the winding. The section of the winding at

the highest temperature is termed “hot spot” and is
usually on the axial center line of the core in one of the
slots.
     Under normal operating conditions the temperature
rise of the motor is due to the natural process occurring
during the conversion of electric energy into
mechanical energy and the rotation of parts.
There are three sources of energy losses appearing as
heat that raise the motor temperature:

1. Winding – heat produced by a flow of current
against resistance and equal to the product of
current squared and resistance (I2R). (With a
motor design resulting in lower current and/or
lower resistance less heat is produced and the
motor is more efficient.)

2. Iron core – heat produced by hysteresis* and
eddy current losses set up by the magnetic field
In the stator and rotor.

3. Mechanical parts – bearings, fans, brushes
(when used). Proper control of the driven load or
number of motor starts required can also
influence the winding losses.

     The losses occurring during full load operation of
the motor can be divided into two groups: (1) fixed
losses, running light losses (I2R no-load current losses),
iron losses, bearing friction and internal fan (when
used), and (2) applied losses of the driven load.
     The major heat losses are in the windings. There is
a definite maximum temperature which the windings
can withstand under a given load and with a given
insulation without undue deterioration either within
themselves or in the insulation. In order that the
maximum output of the motors may be secured without
overheating, it is necessary to keep the heat losses to a
minimum. Thus the insulation of the motor windings
performs a dual function, that of an electric insulator
and also a controlled heat dissipator.
     NEMA has established six classes of insulation
designed for various loads and for keeping the hot-spot
temperatures within safe limits. Table 4 lists class
designations, description of insulation materials, and
the limiting safe hot-spot temperatures (C).
     The limiting hot-spot temperatures shown are
de-termined by adding together:

1. Ambient environment temperature, normally 40
C (104 F).

*Hysteresis is the conversion of electrical energy into heat
 energy due to molecular friction opposing magnetic polarity
 changes, friction that opposes the turning about of atoms.
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2. Ambient environment temperature, normally 40
C (104 F).

3. Hot-spot temperature allowance, ranging from
5-15 C (usually 10 C).

4. Service factor, normally 15 C.
5. Allowable design motor temperature rise.
TABLE 4 – CLASSIFICATION OF MOTOR-

INSULATING MATERIALS

Open or
Dripproof Limiting

Insulation Description Guarded Safe
Class Motor Hot Spot

Temp Rise Temp
(C) (C)

O Cotton, silk, paper and similar
organic materials neither im-
pregnated with insulating
compounds* nor immersed in a
liquid dielectric.

40† 90(194 F)

A Same materials as in Class O
but impregnated or immersed in
liquid dielectric*; also enamel
coated on conductors.

40 105(221 F)

B Mica, glass fiber asbestos and
other inorganic or organic
materials in built-up form using
suitable binders.

70 130(266 F)

C Entirely of mica, porcelain,
glass, quartz or similar inorganic
materials.

F Same as Class B, using
modified organic binders.

90† 155(311 F)

H Same as Class B, using silicone
resin binders.

110 180(356 F)

*An insulation is considered to be impregnated when a suitable
substance replaces the air between its fibers.

†Approximate temperature rise.

     Motors used in air conditioning and refrigeration
systems normally use Class A insulation that permits a
40 C temperature rise for the windings. With present
standards the life of the motor winding is approximately
35,000 hours when operated at rated temperature and
subjected to normal dielectric and mechanical stresses
and humidity.

    For open motors applied in the tropics or similar
environments, special insulation must be provided
because the motors may be exposed to excessive
ambient temperatures and humidity.
TABLE 5 – SERVICE FACTOR, A.C. INDUCTION

MOTORS

Motor Horsepower Service Factor
            1/8 and below 1.40
                     1/6 , 1/4, 1/3 1.35
             1/2 , 3/4, 1 1.25
            1 1/2, 2 1.20
            3 and larger 1.15

Service Factor
     Standard open type motors of NEMA Design A, B
and C (also Design F) carry a service factor, an
allowable continuous overload above the rated name-
plate horsepower, without causing a dangerous
temperature rise because of overload. Table 5 lists the
service factors for fractional and integral horsepower
induction motors.
     Service factors apply only when the voltage and
frequency are held at the rated value. When a motor is
operated continuously overloaded, the motor naturally
has a higher temperature rise and, therefore may have
an efficiency, power factor and speed different than the
rated load. The locked-rotor torque, current and
breakdown torque remain the same. It must be
remembered that the temperature rise caused by
operating a motor at a continuous service factor
overload shortens the life of insulation and therefore the
life of the motor. As a rule each temperature rise of 10 C
halves the life of the insulation.
EXTERNAL OVERHEATING OF MOTOR
     The temperature rise previously discussed is the
result of current flow occasioned by the load applied at
the rated voltage and frequency. However there are
other considerations under which motor overheating
may result:

1. Obstruction to heat dissipation due to
improper ventilation.

2. Obstruction to heat dissipation due to physical
debris inside or outside the motor.

3. Rise in ambient temperature above 40 C (104
F).

4. Unbalance in voltage.
5. Voltage and/or frequency variation from rated.
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6. Other unpredictable misbehaviour of power
transmission component parts affecting the
winding performance.

7. Failure to start, stalling.
Thermal Protection-Overcurrent
     The fundamental requirements for thermal
protection of electric motors are contained in the
National Electric Code (NEC), Article 430 of Motors and
Motor Controllers. There are two methods of motor
protection, one external to and separate from the motor,
one internal within the motor. The former is an over-
current protection in either or all of the following: the
power feeder line, motor branch power line, and motor
starter, but positively in the motor starter. The internal
motor protection is a device responsive to the motor
current and temperature.
     Overcurrent protection devices guard the motor
against excessive current up to and including the
locked-rotor current. The branch power line protection
guards against a possible short circuit or ground
currents in the conductors. (See Motor Controls.)
     The well-disigned internal motor protection allows
the motor to carry any load including an overload just
long enough so that the motor does not overheat. Only
small motors, particularly fractional horsepower, are
equipped with inherent over-heating protective devices
which are imbedded in the motor windings and which
respond directly to the heat generated within the motor.
Motor Enclosures
     Environmental conditions generally refer to the
ambient temperature, humidity, altitude and access to
ample dry and clean ventilation air. The enclosure of
the stator and rotor as a support and container is also a
protector against the following environmental
conditions:

1. Moisture – dripping, splashing, corrosive, ex-
ceedingly damp or even steaming.

2. Gases (fumes) – corrosive or explosive.
3. Dust – gritty, combustible (explosive) or con-

ductive.
4. Outdoor installation - rain, wind, sun, etc. with

above items; also insects, birds and small
animals.

5. Temperature below 10 C (50 F).
All items except the last are quite obvious in their

physical aspect.  Operation below 10 C (50 F) reduces
conductor resistance reflected in a small increase in
starting current and a decrease in starting torque.
Another danger of operation in low ambient is the

probable moisture condensation on motor winding
insulation. A thermal stress deterioration of the insulator
may occur due to changes in temperature from cold
standstill to warm running operation.
     Motors used in air conditioning and refrigeration
systems are normally the standard open type, simplest
in construction and lowest in cost.  An open machine
has ventilating openings which permit the passage of
external cooling air over and around the windings of the
machine.
     NEMA has defined many different types of open
enclosures in its publication MG1-1.20, Open Machine.
The most common are (1) drip-proof enclosures
protecting a motor from solid or liquid drops falling on
the motor at any angle not greater than 15 degrees
from vertical and (2) splash-proof enclosures protecting
from solid or liquid particles falling on the machine or
coming towards it in a straight line at any angle not
greater than 100 degrees from the vertical. Additional
protection is also defined for open machines as semi-
guarded, guarded, and rip-proof fully guarded.
     There are also the totally-enclosed motors
described in NEMA MG1-1.21  Totally-Enclosed
Machine. These motors are machines so enclosed as to
prevent the free exchange of air between the inside and
the outside of the enclosure, but not sufficiently
enclosed to be termed air-tight. The totally-enclosed
motor range covers nonventilated, fan-cooled,
explosion-proof, dust-ignition-proof, waterproof,
externally and pipe-ventelated, water-cooled, water-air-
cooled, air-to-air-cooled, and fan-cooled guarded and
weather-protected machines.
     In addition to the NEMA standardized enclosures
listed, other motors exist such as lint free (textile
systems), sanitary (dairy and food industries),
encapsulated (sealed enclosure), and canned pump
motors  used particularly in nuclear applications. NEMA
standards and motor manufacturers should be
consulted for specific data on any special motor
enclosure for a given application.
Bearings
     Next to the stator, rotor and the enclosure, the most
important part of the motor is the rotor shaft support, the
bearings. There are two major types: (1)anti-friction ball
or roller bearings and (2) sleeve bearings. The latter are
either waste-packed (used mostly in fractional
horsepower motors), oil ring lubricated, or pressure
oiled on large motors. Ball bearings are either grease-
or oil-lubricated. Most ball bearings are grease-packed,
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either the pre-lubricated (sealed) or relubrication type.
Oil-lubricated ball bearings are applied usually on large
size motors; these bearings require more complex
housing and careful control of oil level, and must be
mounted in a prescribed position. The bearing should
be equipped with a sight gage for observing  a proper
oil level.
     The grease-packed ball bearings must have
grease that is quiet, have low friction and oxidation
rates, and must be clean. For applications where
motors are exposed to winter ambient or various low
temperature conditions special low temperature
greases must be utilized.  Excess grease may lead to
overheating of the bearing.
NOISE
     The noise level is increasingly important in many
motor applications. Motors produce airborne sound and
physical vibration as unavoidable byproducts of the
conversion of electrical to mechanical energy. The
undesirable manifestation of sound and vibration is
termed noise.
Airborne Noise
     Airborne noise is produced by all the vibrating
parts of the motor. The initial sources are magnetic,
mechanical and windage.
     Magnetic noise is produced by magnetic forces
(flux) in the air gap and other parts of a magnetic
circuit. The frequency (cycles per second), usually
twice the line frequency and its harmonic is a function
of either the number of slots and rps (varying) or the
line frequency (constant). The air gap forces are to be
considered only in relation to the stator. The rotor
(usually quite rigid) may be a source of noise in the
case of hermetic motors and close-coupled motor
pumps.  In the latter case the shaft vibration noise may
be transduced to the water.
     Mechanical noise may result from disrepair,
unbalance or bearing disorders. The first two are
abnormalities that should not exist in a well-
constructed, balanced motor.  Bearing noise may be
differentiated between that of a sleeve type or ball type
of bearing.  The former is inherently quiet witha few
distinguishable sound frequencies. Ball bearings with
numerous component parts moving relative to each
other produce many sound frequencies. Rigidity of
bearing support is very important. The noise level of
both types increases with lubrication impurity and
surface roughness appearing in the course of wear and

tear. Therefore care must be exercised in the choice of
motor enclosure in relation to ambient environment.
     Although rarely encountered in the air conditioning
field, another mechanical noise is brush noise, resulting
from the sliding contact of brushes against a slip ring or
commutator.  In the case of a slip ring the noise is less
than that produced by brushes sliding over a
segmented commutator. In either case the brush noise
is characterized by high frequencies. Since brush noise
is a function of surface finish, it also varies during motor
operation because of wear.
     The passing of ventilation air thru the motor
together with the propulsory elements creates only
airborne windage noise. Its pulsations contribute to
stator vibrations. The windage noise is of broad band
characteristics. Motors having open enclosures are
principal generators of windage noise. The totally-
enclosed fan-cooled motor equipped with an external
fan may at times have higher level windage noise.
Totally-enclosed nonventilated motors with internal fan
air circulation have subdued noise levels. Windage
noise from high speed motors dominate over noises
from other sources.
     Of all the motors compared on the basis of equal
horsepower and speed, synchronous motors are the
most quiet.
    The single-phase fractional motors have a terminal
120 cps vibration (60 cycle current) caused by the
pulsating, 120 alternation power supply and transmitted
to driven apparatus and motor supports. Since their
bearings are the sleeve type, the bearings seldom
contribute to noise.
Mountings and Isolation
     The second aspect of undesirable noise is the
vibra-tion coupling  between the motor and its support,
transmitting unwanted vibration noise to building
structure. Careful attention must be given to the motor
mounting and support isolation. A standard rigid base
is the simplest and least expensive normal motor
mounting. To reduce vibration and noise either from the
motor or motor-driven machine assembly, various
resilient mountings are available.Resilient elements are
used either under motor feet (where applicable) or
under the base of the total assembly.  Fractional
horsepower motors used on fan-coil units are often
isolated by rubber rings around the bearing supports.
There exist also flange or face mountings used on such
apparatus as close-coupled motor-pumps. These
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assemblies may be isolated from the floor by resilient
mounts.
     Motors can be installed in any position, horizontal,
vertical, upside-down or sideways, provided they are
equipped with proper bearings and lubrication.
     The motor mechanical power may be transmitted to
driven equipment thru (1) a direct shaft such as with
hermetic assemblies or small fans, (2) couplings with
pumps and reciprocating compressors, (3) matched V-
belts with fans, (4) step-up gears and couplings with
centrifugal compressors, or (5) hydraulic and magnetic
couplings with fans or centrifugal compressors.
MOTOR CONTROLS
    Motor characteristics and the requirements
imposed by the equipment used in air conditioning and
refrigeration systems are set down in the preceeding
section on motors. These requirements and
characteristics and the rules imposed by the power
companies constitute the guides for selecting motor
controls.
     In order to obtain adequate motor performance
electric energy must be regulated. The controller may
be a simple on-off toggle switch or a combination of
complex automatic equipment.
PURPOSE
     The purpose of the motor controller is to:

1. Admit electric energy to the motor at a proper
rate.

2. Protect against any fault that may occur in the
electric system which may cause a sudden
inrush of current.

3. Prevent overheating of the motor while oper-
ating.

4. Regulate the motor speed.
5. Withdraw electric energy when the need ceases.

     This discussion gives an insight into the functions
of motor starting and protective equipment. The
detailed selection of equipment to satisfy given

requirements is the responsibility of the electrical
engineer.
STANDARDS AND CODES
     The National Electric Code, Article 430, Motors,
Motor Circuits and Controllers covers basic minimum
provisions and rules for the use of the subject
equipment. The provisions are a guide to the
safeguarding of persons and of buildings and their
contents from hazards arising from the use of
electricity. This code is not a design manual. The
Underwriters Laboratories, Inc. provide standards for
Industrial Control Equipment (#508) and for
Temperature Indicating and Regulating Equipment
(#873).
     The local, city and state codes must also be
followed as well as the regulations of the local power
company.
CONTROL ELEMENTS
     Figure 36 is a schematic diagram of the various
possible elements of a power supply circuit to the
motors.
     Protective equipment that prevents major mal-
functioning of the power supply system such as a short
circuit, reverse-phase and open-phase operation,
voltage variation or stoppage, and interlocking of
controls is discussed later.  Most starters for motors of
larger than one horsepower provide motor overload
protection either firmly fixed in the starter or in an
assembly of contactor and overload protection.
Fractional and small integral horsepower motors often
have overload protection as part of the motor. Without
this basic protection the starters are switches or
contactors.
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FIG. 36-MOTOR CONTROL CIRCUIT

     Various possible components of motor control are:
1. Switching mechanisms such as manual

switches  or magnetic contactors which open or
close the power circuits.

2. Power-absorbing or transforming devices such
as resistors or reactors which absorb part of the
power applied to the motor; and auto-
transformers which reduce the line voltage
before application to the motor.

3. Protective devices which are motivated by
temperature or voltage.

4. Pilot or initiating devices such as push buttons,
float witches and thermostatic switches.

     The push buttons are either a part of the starters or
are installed remotely on a separate panel for the
convenience of the operator in charge of the air
conditioning and refrigeration system.  Other initiating
devices are discussed with their applied equipment.
     The motor controller furnishes a means for a motor
to:

1. Start and accelerate.
2. Operate the load.
3. Regulate its speed.
4. Protect itself, including controller and wires.
5. Stop.

FIG. 37-STARTER SELECTION GUIDS
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STARTERS
     Starter selection is integral with motor selection and
should be so considered in relation to the following
factors: horse power rating, permissible current, desirable
torque, necessary protection and combined economics.
     An outline of the basic process of selection of avail-
able starters is given in Fig. 37. There are many variations
and combinations with protective and pilot devices.
Manual or Magnetic Starter
   The first decision is whether the particular application
calls for a manual or magnetic starter. The former
performs all of the required functions and is operated by
hand. The latter is automatic thru the use of
electromagnets, and is initiated either by hand, push
button, or by some starting device involved in the process
control; form this point on, the starter is sequenced thru
the steps designed into the control   circuit.
     The choice of manual or magnetic starter is
influenced by the size of the motor and frequency of
operation. Infrequently operated motors may often have
manual starters. Most motors should be started
magnetically, either because of the size of the motor or
because of the convenience of remote starter operation.
Magnetic starters are more expensive but their higher
cost is offset by lower maintenance costs and greater
safety. Another advantage of a magnetic starter is the fact
that it is automatic; once committed to certain duty the
possibility of introducing human error is eliminated.
Because of the possibility of including a variety of pilot
relays, automation has the flexibility to achieve any
desired end to operate and protect the motor.  Magnetic
starters include under-voltage protection.
Full or Reduced Voltage Starter
     There are two fundamental classes of starting
equipment serving squirrel-cage induction motors: (1) full
voltage, across-the-line and (2) reduced voltage, reduced
current inrush starters. Wound-rotor motor and
synchronous motor controls are discussed separately.
     Four factors influence a choice between a full or
reduced voltage starter: (1) cost, (2) size of the motor, (3)
current inrush and starting torque behavior of the motor
with reduced voltage, and (4) power company restrictions
on the use of electric energy (in relation to the
requirements of the driven machine). These factors are
discussed under a specific class of starter.

FIG. 38 – ACROSS-THE-LINE MANUAL STARTERS

Full Voltage, Across-the-line Starter
     The least expensive are the manual full voltage
starters (Fig. 38).* These are applicable especially to
small size motors, single phase up to  5 hp and three-
phase up to       hp; they consist of switching contacts
and overload relay trips. They do not provide automatic
undervoltage protection. Motors restart on reinstatement
of voltage on the power line.
     When using small switches for fractional horsepower
motors, protection is provided by inserting fuses in
circuits.
     The magnetic full voltage starters provide
convenience, flexibility and safety that is greater than with
manual starters; they include undervoltage protection.
     A push-button relay that continues to maintain
contact on voltage failure (Fig. 39a)† illustrates one
variant for safeguarding against low voltage. However
with voltage reduction the magnetic strength of the starter
coil weakens, permitting the contacts to open. When
voltage is reinstated, the coil is re-ener-gized and
contacts are closed. This is a low voltage release that
allows the equipment to operate on voltage recovery.
     In cases where such automatic procedure is
undesirable, a momentary contact push button is used in
combination with a set of normally open auxiliary contacts
in the starter (Fig. 39b). When voltage returns, the motor
cannot restart and requires a manual resetting.
* Figures 38, 39, 41-45, 47 and 49 are diagrammatic only.  No
 attempt is made to illustrate the actual starters.
†Control circuits shown here are basic.  Further starter diagrams
do not show control circuits.
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Reduced Voltage Starters
     Reduced voltage on the motor reduces locked-rotor
current inrush and torque as well as accelerating torque
(Fig. 40). The reduced torque produced is generally
greater than that required by the equipment used for air
conditioning systems (Fig. 23). Thus a reduction in
current inrush in accordance with local power company
current limitations is the primary reason for the use of
reduced voltage starters.
     The common practices by power companies are to:

1. Limit starting current to a fixed percentage of
locked-rotor current inrush.

2. Limit starting current to certain increments at
fixed intervals of time using closed transition
between successive steps, thus helping the net-
work to adjust itself to a gradually imposed load.

     All deviations from across-the-line starting methods
are grouped together under reduced voltage types.
However some types actually reduce voltage; others
reduce current inrush directly. Both methods result in the
reduction of current and torque. Reduction of current is of
concern here.
     The general class of reduced voltage starters divides
into two groups:

FIG. 39 – ACROSS-THE-LINE MAGNETIC STARTERS WITH
LOW VOLTAGE SAFEGUARD

FIG. 40 – CURRENT AND TORQUE CHARACTERISTICS
SQUIRREL-CAGE INDUCTION MOTOR WITH AUTO-
TRANSFORMER REDUCED VOLTAGE STARTER

1. Reduced voltage starters applied to any motor.
a. Auto-transformer
b. Primary-resistor
c. Primary-reactor

2. Reduced current inrush starters applied to
specially wound motors.

a. Part-winding
b. Star-delta (wye-delta)

     Table 6 lists locked-rotor current and torque
characteristics of various starters.

TABLE 6 – COMPARISON OF STARTING
METHODS

Inrush Current Starting Torque
Method of Starting (percent full (percent full

voltage locked- voltage locked-
rotor current) rotor torque)

Across-the-line 100 100
Auto-Transformer
   80% tap 71 64
   65% tap 48 42
   50% tap 28 25
Primary Resistor or Reactor
   80% applied voltage 80 64
   65% applied voltage 65 42
   58% applied voltage 58 33
   50% applied voltage 50 25
Star-Delta 33 33
Part-Winding 60 48
Part-Winding with Resistors 60-30 48-12
Wound Rotor (approximate) 25 150
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FIG. 41 – AUTO- TRANSFORMER REDUCED VOLTAGE
STARTER, CLOSED TRANSITION

FIG. 42 – REDUCED VOLTAGE STARTER, PRIMARY-
RESISTER

FIG. 43 – REDUCED VOLTAGE STARTER, PRIMARY-
REACTOR

Some of these starters are manual. However since
the majority of applications are of the magnetic type, only
this variety is discussed. The schematic illustrations are
intended to show starting sequence only and do not
represent the actual wiring of any starter. Refer to starter
manufacturers’ catalogs and data for wiring diagrams
and complete details.
     The auto-transformer starter usually has three voltage
taps (50%, 65% and 80%). On closing the circuit for a
starting contactor the motor is connected to the power
line thru the design voltage tap. Simul-taneously a timing
unit is energized. After a brief lapse of time the auto-
transformers are removed and the motor is connected to
full voltage. In effect there is a brief lull, then a “bump”*
on the power line. This is an open-circuit transition version
of starting. Figure 41 shows one method used by
manufacturers to achieve closed circuit transition starting.
Before the run contacts R are closed, the neutral contacts
N are open and the auto-transformers operate briefly as
reactors in series with starter windings. Then the run
contacts are closed. The flow of current is not interrupted.
     The primary-resistor starter (Fig. 42) with closed
circuit transition limits voltage and locked-rotor current by
inserting an external resistance in series with the stator
windings. This starter is frequently used as an increment
starter. Any number of steps can be provided to reduce
the incremental current inrush. Pressing the start button
energizes the start contacts having the resistance. This
places the motor on reduced voltage. After a brief lapse
of time the run contacts are closed, bypassing the start
contacts and resistors. Then the motor is on full voltage.
     The primary-reactor starter (Fig. 43) has a three-phase
reactor in place of the resistors.  This starter is primarily
used for high voltages (2300-4800 volts) because the
reactors are self-contained and do not  present insulation
problems encountered when in-  stalling resistors.
     With multi-circuit winding motors the part-winding
starter (Fig. 44) provides reduced locked-rotor current
inrush and torque by successively connecting the
available winding circuits; the motor stator part windings
are energized in steps. The use of one circuit of the usual
two-circuit winding ordinarily gives 60-75% of the full-
voltage full-winding starting current and torque. The
number of circuits in the stator winding may be greater
than two to provide a greater number of increments in
starting. The part-winding starter is not a reduced-voltage
*There is also a “bump” in motor torque; this imposes stresses on
motor windings, shaft and coupling.
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starter, but a reduced-current starter.
     Part-winding reduced-current starting has certain
advantages.  It is simple and less expensive than most
reduced-voltage methods because it requires no volt-
age-reducing elements such as transformers, resistors or
reactors; it uses smaller contactors. It is inherently a
closed circuit transition starter.
     The part-winding starter also has an advantage in
that it is not adversely affected by high voltages.
Continuous high voltages (not high voltage surges) such
as 250 or 260 on a nominal 220-volt system can result in
motor burnout when using an auto-transformer starter.
The auto-transformer is normally rated for short-time duty
and is therefore rather small. If an over-voltage of about
15% is applied, the transformer will saturate and allow
very high currents to pass thru the starting contactor
which, in turn, welds shut and puts the motor on single
phase the next time it is started. The part-winding starter
does not impose a limit on the starting duty cycle as does
the auto-transformer since there is no insulated voltage
reducing equipment which may over- heat.
     The part-winding motor starter is almost always an
increment-start device. Not all motors can be part-
winding started; it is quite important that the motor
manufacturer be consulted before this type of starting is
applied. Some motors are wound sectionally with part-
winding starting in mind; indiscriminate application to any
dual voltage motor (for example, a 220/440 volt motor
which is to run at  220 volts) can lead to excessive noise
and vibration during starting, to overheating, and to
extremely high transient currents upon switching.
     For the delta wound motor provided with six leads (3-
phase motor only) there is the star-delta or wye delta
starter that provides reduced locked-rotor current inrush
and torque. This behavior is achieved by connecting first
the motor windings in star arrangement, and then on the
second step by rearranging the windings in delta
arrangement.  The essential difference is that, for the
same motor winding, the star connection draws only one
third (33%) as much current as the normal delta
connection, and gives one third as much torque.
     Figure 45 shows a closed transition arrangement in
which additional protection in the form of a resistor is
provided against high inrush current during the switch-
over period from star to delta winding. Initial inrush is the
same as in the open transition arrangement; however,
depending on the time lapse the incremental inrush is
reduced with closed transition because the current does

FIG. 44 – PART-WINDING STARTER

FIG. 45 – STAR-DELTA STARTER, CLOSED

TRANSITION

FIG. 46 – COMPARATIVE COMBINED COSTS OF MOTOR
AND STARTER FOR VARIOUS STARTING METHOD
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TABLE 7-COMPARISON OF STARTERS

STARTING CHARACTERISTICS
      TYPE OF PER- (percent of rated value) ADVANTAGES LIMITATIONS
      STARTER CENT Voltage Motor Line Torque Torque

TAP at motor current current efficiency
FULL-VOLTAGE

Magnetic ---- 100 100 100 100 100 1. Lowest cost 1. Draws highest current from
2. Least complex     line during starting
3. Least maintenance 2. Starting torque may be too
4. Suitable for low or high     high for some applications
    voltage

REDUCED-VOLTAGE
Auto-transformer 80 80 80 64* 64 100 1. Starting characteristics 1. Additional external voltage-
(Closed-transition 65 65 65 42* 42 100     easily adjusted     reducing component may
standard) 50 50 50 25* 25 100 2. Provides maximum torque    impose additional limits to

    per line ampere for reduced    duty cycle
    voltage starters (high torque
    efficiency)
3. Closed-transition starting

Primary resistor ---- 80† 80 80 64 80 1. Increment starting can be 1. Unavoidable power loss in
(2-step)     constructed in any desired     resistor

number of steps to meet any
inrush limitation

2. Low torque efficiency

2. Improved power factor 3. Introduces external voltage-
3. Inherently closed transition     reducing component

4. Not readily adapted to high
    voltage
5. Duty cycle limited by thermal
    capacity of resistor

Primary reactor 80 80 80 80 64 80 1. Least complex method to 1. Lower torque per unit of line
65 65 65 65 42 65     obtain reduced-voltage start     amperes than auto-trans-
50 50 50 50 25 50     for high voltage motors     former-type

2. Starting characteristics 2. Additional external voltage-
    easily adjusted     reducing device (reactor)
3. Inherently closed transition     may impose additional limits

    to duty cycle
3. Low-starting power factor

 *    Does not include autotransformer magnetizing current which is usually less than 25 percent of motor full-load current.
† If application dictates, other voltage increments can be furnished.

not first drop to zero before stepping up to the higher
value provided by delta connections. In the open
transition arrangement there is a brief period when the
stator windings are not energized.  This may result in a
momentarily high current inrush at the instant of making
the delta connection.  In some power systems this

“bump” inrush is objectionable and therefore a closed
transition arrangement is preferred.
     The star-delta motors and starters are widely
employed with hermetic centrifugal machines. The
primary appeal of this starting arrangement is the
absence of voltage-reducing equipment. Voltage
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reduction is inherent in the star connection of the delta-
wound motor.
Of all the starters discussed here the reduced-voltage
stepless resistance starter gives a smoother start for the
squirrel-cage induction motor. However in the case of
severe limitations of starting current, a resistance starter
may not be applicable because of a possible severe
torque reduction below a point of  positive starting; other
starters may have to be used. FIG. 47- WOUND-ROTOR MOTOR CONTROL

TABLE 7-COMPARISON OF STARTERS (Contd)
STARTING CHARACTERISTICS

      TYPE OF PER- (percent of rated value) ADVANTAGES LIMITATIONS
      STARTER CENT Voltage Motor Line Torque Torque

TAP at motor current current efficiency
REDUCED CURRENT INRUSH

PartWinding ---- 100 65 65 50 71 1. Reduced starting torque 1. Possibility of motor not
   1/2-1/2     always provided     accelerating due to severe
   Winding 2. Closed-circuit transition-type     torque dip at half speed

    provided 2. Limitation in motor selection
   2/3-1/3 ----- 100 65 65 40 ----- 1. Reduced starting torque 1.  Limitation in motor selection
   Winding     always provided

2. Closed-circuit transition-type
    provided
3. Motor will usually accelerate
    to full speed in one step

Star-delta ----- 100 33 33 33 100 1. Starting duty cycle usually 1. Starting characteristics not
(Open or closed     limited by motor heating     adjustable
transition)     only 2. Requires motor with a

2. High torque efficiency for all     normally delta-connected
    speeds     winding with all leads
3. No torque dips or unusual     brought out for connection
    stresses because full-winding     to control
    transition from start to run
4. Closed-circuit transition-type

eliminates line surges during
transition from start to run
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FIG. 48-TYPICAL SYNCHRONOUS MOTOR CONTROLLER

Across-the-line starters are always lowest in cost. Figure
46 shows comparative costs of motor-starter
combinations. Table 7 gives comparative data on  various
starters.
Wound-Rotor Motor Starter
     The wound-rotor motor variable secondary resistance
starting equipment (Fig. 47) is the most expensive motor-
starter combination and consists of:

1. Primary across-the-line starter with major
protective elements, overload and undervoltage.

2. Secondary resistors and drum controller which
acts to insert into the motor rotor windings the
resistance required to provide the design speed
control. The drum controller may be manually or
automatically controlled.

     The change in rotor resistance provided by the
controller results in a change of the motor speed-torque
curve; thus this method can be used as a means of
speed control. It also results in a change of the motor
speed-current curve so that this method is used to limit
the starting current drawn from the  power line.

     A safety relay does not permit motor starting unless
all the resistance is in the circuit.
Synchronous Motor Starter
     The synchronous motor starting equipment (Fig. 48)
is essentially the same as for a squirrel-cage induction
motor because the synchronous motor starts operating as
a squirrel-cage induction motor. Thus the main control
may be either across-the-line or any of the reduced-
voltage types, depending on the power company
regulations.
     To start up and operate, the synchronous motor
requires a-c power; therefore the main contactor must be
closed.  During the starting period the d-c field winding is
shorted thru the starting  and discharge resistor. The
latter serves two purposes; (1) it limits the high induced
voltages that would other-wise appear at the field
terminals and  (2) it increases motor pull-in torque at start-
up by serving as an added resistance in the field circuit.
As a discharge resistor it limits the field voltage when the
field  supply is disconnected.
     When approximately 97% of the synchronizing speed
is reached, the starting resistor is automatically
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disconnected from the slip rings, and the d-c power is
applied to stabilize the motor synchronous speed. One
other important condition must exist at the moment of
application of d-c excitation; a correct relationship
between the rotor field and the stator revolving magnetic
field which also contributes to developing maximum pull-
in torque.
     If a sudden overload or voltage dip occurs, the
required load torque can exceed the maximum pull-out
torque of the motor. Thus the required torque pulls the
motor out of its synchronous speed; the motor is pulled
out of step. The d-c field is disconnected immediately;
otherwise severe vibration due to torque pulsations may
develop, and stator pulsating current inrush may rise to
dangerous levels.
     The polarized field relay operates at the instant of
proper motor slip, bringing in d-c excitation, and thus
automatically resynchronizing the motor if there is
sufficient torque left in the motor, after removing the
disturbance which caused the pull-out. Otherwise the
motor is automatically taken off the line. A series of
protective devices are included to provide a proper
sequence of operation.
Multi-Speed Motor Controllers
     The control of multi-speed motors is achieved thru
separate starters (in one enclosure) acting either
individually on each winding with separate-winding
motors (fig. 49b) or in interlocked manner with the
consequent-pole motors (Fig. 49a). No attempt is made
to analyze the multiplicity of speed-winding combinations
or control circuits that may apply under various
circumstances. Most large fan applications use only two
speeds, either with single (2:1 ratio) or two (3:2 ratio)
windings.
PROTECTION
     The power supply lines nearest the motor are the
feeder and branch circuits.  The feeder circuit is the
conductor that extends from the service entrance
equipment to the branch circuit protective device. A
branch circuit is that portion of the wiring system which
extends beyond the final overcurrent device providing
protection.
Switches
     A majority of air conditioning and refrigeration
installations are low voltage applications which at times
may use manually-operated circuit switches as permitted
by local codes. There are several varieties:

1. Disconnect switches for isolating purposes. They
have no interrupt rating and should not be
operated with a load on the line.

2. Interrupt switches in sizes up to 600 ampere
continuous current rating. They can be opened
with a load on the line, and are used mostly as
service entrance equipment.

3. Enclosed safety switches, fused or unfused,
available for light duty a-c service up to 600
ampere and 240 volt rating; for normal duty
service 9general purpose) up to 1200 ampere and
600 volt rating; and for heavy duty industrial
service up to  1200 ampere and 600 volt rating.

FIG. 49 – MULTI-SPEED CONTROL

www.HVAC-ENG.com



Part 8. Auxiliary Equipment | Chapter 2. Motors And Motor Controls

Fuses and Circuit Breakers
     The design performance of a motor is delivered
under a normal supply of electric energy. Any
disturbance to normal flow leads either to overheating
and eventual destruction of the motor, or to nondelivery of
the required mechanical power.
     The greatest hazard to any electric service is a short
circuit, a flow of an enormously excessive current
(running into thousands of amperes) caused by some
fault either in the power line or at the motor. Sufficient
protection must be designed into the system to safeguard
the feeder and branch circuits as well as to isolate the
feeder system from a fault in the individual branch circuit.
     In an air conditioning and refrigeration system it is
important to maintain full system capacity. Thus
protection of the branch circuits that lead to the motors
driving various fans and refrigeration machines is very
important. Isolation of a defective branch circuit affords
immediate attention for diagnosis and repair of the fault
while the rest of he system is still able to deliver its partial
air conditioning capacity. This does not obviate
centralization of the system because present day
electrical equipment is well de-signed and dependable;
nevertheless, careful attention must be paid to the
selection of electrical equipment appropriate to needs.
     The electric system protection is twofold, (1) from a
fault in the power supply and (2) from a fault occurring at
the motor. A fuse or circuit breaker current interruption in
the branch circuit must be instantaneous before the effect
is cumulated back to the feeder circuit breaker.
     An a-c squirrel-cage induction motor has three levels
of electric current usage:

1. Fundamental or operating full-load (100% load)
level.

2. Code permissible over-load level (service factor
generally 115%, Table 5).

3. Almost instantaneous level* of starting current
inrush (600%).

     Neither the motor nor the starter is able to
continuously withstand a short-circuit without damage.
The starter (controller) is equipped with normal overload
relays; therefore, the time-current characteristics of the
short-circuit protection must be carefully coordinated with
that of the normal overload protection so that the short-
circuit overcurrent protection does not operate under any
of the three levels of usage but operates instantaneously
under short-circuit conditions. Fuses and circuit breakers
are used for short-circuit interruption. When fuses of
simple circuit breaker are installed in the same enclosure

with the motor starter, the assembly is called a
combination starter.
     A fuse is a low cost short-circuit protection device. It
may be a plug or cartridge type. The plug type is
available in ratings up to 30 amperes and is used on lines
not exceeding 125 volts. There are two basic types of
fuses, on with a single fusible zinc element and one with a
dual-element time delay fuse. The latter has the ability to
open the circuit on either the overload or short circuit.
     Commercial or industrial cartridge type fuses are
available in either single or dual-element varieties. There
are also renewable or nonrenewable designs. Fuses of
renewable design are more expensive, but the cost of
replacing fuse links is less than that offuses of a
nonrenewable design.
     A circuit breaker functions both as a circuit protector
and as a branch circuit disconnect switch. Its advantage
is that upon being opened by a short circuit it may be
reset without the necessity of replacement, as in the case
of a fused disconnect switch. With fused polyphase
circuits there exists another danger, namely single-
phasing in case only one fuse blows. A circuit breaker
disconnects all three phases.
Overload Relays
     The line overcurrent protection of the motor and
starter is procided by varieties of switches, fuses and
circuit breakers, or combinations of these. The motor
overheating protection is accomplished by overload
relays in the starter itself.
     Overload relays are either a melting alloy or bi-
metallic type. The latter may be the compensating type,
that is, compensating for ambient temperature difference
between motor and starter locations. The compensated
overload relay thus safeguards the motor from
unnecessary outage and acts to trip only on motor
overcurrent conditions.
     A third type of overload relay is the magnetic
induction type, the Heineman relay; it is non-sensitive to
ambient temperature and is instantaneously resetting.
Undervoltage
     There are many types of relays that may protect
against any failure or malfunction. Only the most
applicable are described.
     Power systems are subject to occasional voltage
fluctuations of varying magnitude and duration. Lightning
 *The almost instantaneous nature of starting current inrush does
not provide sufficient temperature rise in a protective element for it
to act.
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accidental short circuits or line overloads may create
undervoltage dips and failures; motors may slow down
and even stop. Minor voltage dips below 10% or
frequency variations below 5% may be tolerated. More
extensive variations may overheat the motor causing it to
stop. There are three methods of protection that deal with
line undervoltage:

1. Instantaneous and complete stoppage – the
protective device trips the starter and the motor
stops.  The motor can be reinstated in operation
only manually.

2. Time-delay – the motor is not shut down, but
remains connected to the line for a brief
duration, i.e. 2 seconds. Beyond this time interval

          the motor is disconnected either to be restarted
          manually  or  automatically with the voltage  on
          again.

3. Time-delay and automatic reconnection – the
starter is instantaneously disconnected from the
power line and restarts the motor with voltage
restoration. This protection is permissible if
automatic reinstatement of equipment operation
is required and is safe for personnel, and if in the
case of a multitude of motors a combined
instantaneous inrush of current can be tolerated
by the power supply line.

     Another protective means, undervoltage release, may
be applied which stops the motor instantaneously but
restarts it after any indefinite period of voltage shutdown.
This method may be applied after a careful analysis of
motor restarting relative to driven equipment and plant
operating personnel.
     With synchronous motors provisions must be made
for automatic resynchronization after a voltage dip where
continuity of operation of the driven equipment is
required. Time delay undervoltage protection or some
means of motor unloading must be pro-vided during
resynchronization unless the motor has a sufficient pull-in
torque to resynchronize when the voltage is reinstated.
Phase Failure
     Phase failure in a polyphase system must be
prevented. It may occur under a varied set of
circumstances, either in a power supply line or a branch
circuit – a fuse failure, malfunction of one of the starter
contacts, or a line break. When one of the phases opens
while the motor is running under full load, the current in
other phases increases in value and may trip the overload
relays in the starter. Occasionally at certain partial loads
the overload relays may not be tripped, yet current in the

circuit of low impedance may cause overheating.
Damage to fractional horsepower motors is rare; since
this protection is an extra expense, it is usually
considered only with larger, more costly motors.
Reversing of Phases
     Reversing of phases results in reverse rotation of the
motor. Such a situation completely upsets the flow of fluid
handled. Usually such a fault is rare since great care is
exercised in wiring a motor. For instance, the fans rotating
in reverse are unable to deliver the design air quantity. In
both instances, either open or reverse phase, there are
available relays that stop the motor or prevent backward
operation respectively.
Interlocking
     One form of protection is interlocking of the
equipment or functions within the equipment. Examples of
equipment interlock are relays that prevent starting of the
refrigeration compressor until (1) the condenser or chilled
water pump or both are started, (2) oil pressure is up or
oil pump is started (centrifugal compressor), or (3)
prerotational vanes are closed (hermetic centrifugal). An
example of interlocking functions within a given
equipment is an interlock that prevents wound-rotor motor
starting until the drum controller is in the starting position,
that is, with all the resistors in the circuit.
ENCLOSURES FOR STARTERS
     Starters, either singly or in combination or in multiples
thereof, are usually encased in general-purpose sheet
metal enclosures furnished with a dowelled or hinged
access panel and doors. The small enclosures are not
ventilated but are inherently protected from dust and light
indirect splashing; they also protect the operator from
accidental contact  with the live parts.
     Multiples of individual starters or in combination with
protective devices may be assembled in vertical multiple
cubicle control centers and may be pre-wired. Two NEMA
types are:

     Type A – contains no terminal  boards (blocks)
                    for either load or control connections.
     Type B – contains  terminal boards for load and
                    control connection at each starter (most
                    popular).

     There are also dusttight and watertight enclosures
that do not admit dust or water; the watertight en-closures
may be used for outdoor installations.
     For hazardous areas there are Class 1 and 2
enclosures. The Class 1 enclosures for flammable and
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corrosive vapor areas are made for both air-break and oil-
immersed control. The air-break controls are heavy
enough to withstand an internal explosion and to prevent
hot gases from escaping to the outside. Oil-immersed
controls are also used where corrosive atmospheres are
present; oil protects the metal parts. Class 2 enclosures
are made dusttight for locations where air-dust explosive
mixtures may form.
     NEMA classification of the motor control enclosures
for mechanical and electrical protection of the operator
and equipment are listed as follows:
     General Purpose NEMA 1 – indoor, atmospheric

conditions normal, sheet meal, does not prevent
entry of liquid or airborne foreign particles, conduit
entrances standard.
General Purpose NEMA 1 Gasketed – indoor, de-
signed to exclude dust and other foreign airborne
particles, does not meet dusttight requirements,
sheet metal, conduit entrances standard.
Driptight NEMA 2 – indoor, general purpose en-
closure with shields for protection from dripping
liquids, conduit gasketed entrances may require
special glands or hubs.
Weather Resistant (Raintight) (Weatherproof) NEMA 3
– outdoor, controls operate satisfactorily exposed to
rain or sleet, sheet metal, special conduit hub or
entrance to maintain weather resistant charac-
teristics.
Watertight NEMA 4 – outdoor, water or moisture
excluded from splashing or direct stream, meets
specific hose test requirements, sheet metal or cast
construction, special hubs or glands required for
conduit entrance, no conduit entrance knockouts,
external mounting feet.
Dusttight NEMA 5 – indoor, prevents entry of dusts,
nonhazardous locations, sheet metal or cast
construction, gasketed or equivalent, no conduit
knockouts, conduit entrances predrilled, sealtight
bushings required, external mounting feet.
Hazardous Locations (Gas) NEMA 7D – meets
requirements of NEC for Class 1 Group D hazardous
locations, cast enclosure bolted or threaded, conduit
entrances threaded, special hubs or glands required,
external mounting feet.
Hazardous Locations (Dust) NEMA 9E-FG–meets
requirements of NEC for Class II hazardous locations,
cast construction, bolted or threaded, conduit
entrances threaded, special hubs or glands required,
external mounting feet.

Industrial NEMA 12 – indoor, meets JIC electrical
standards for industrial equipment, excludes dust,
lint, fibers, flyings and oil or coolant seepage, sheet
metal gasketed, no conduit entrances, seal-tight
bushings required, external mounting feet.

Oiltight – no specific NEMA number designation,
indoor, designed to exclude entrance of oils or
coolant, used in applications similar to NEMA 12.

HAZARDOUS LOCATIONS
     The NEMA classifications and definitions of
hazardous locations are:
  Class I, Group A – atmospheres containing

acetylene.
  Class I, Group B – atmospheres containing hydrogen

or gases or vapors of equivalent hazard such as
manufactured gas.

TABLE 8 – STANDARD NEMA SIZES AND
MAXIMUM HORSEPOWERS

Maximum Horsepower
Size 2-or- 3-phase Single-phase

Volts
110 208/220 380,440,550 115 230

0 1 ½ 3 5 1 2
1 3 7 ½ 10 2 3

1 ½ 3 5
2 7 ½ 15 25
3 15 30 50
4 25 50 100
5 100 200
6 200 400
7 300 600
8 450 900

    Class I, Group C – atmospheres containing ethyl
    ether vapor.

Class I, Group D – atmospheres containing gasoline,
petroleum, naphtha, alcohols, acetone, lacquer
solvent vapors and natural gas.

    Class II, Group E – atmospheres containing metal
    dust.
    Class II, Group F – atmospheres containing car-
    bon black, coal or coke dust.
    Class II, Group G – atmospheres containing grain
    dust.
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NEMA SIZES FOR STARTERS
     Standard NEMA sizes and corresponding maximum
horsepowers are listed in Table 8.

FUNDAMENTAL RELATIONS
     Electric motors consume electric energy. Energy is
utilized in various ways by the specific designs of motors.
It is the purpose of this section to review briefly the
fundamental elements of electric energy and their
interplay affecting the performance of a motor drive to
provide mechanical power for the operation of various
equipment.
     The text is elementary; however the correct
application of motors and motor control depends on a
thorough understanding of the rudiments of electric
current phenomena.

The standard alternating current service is generated
usually at medium voltage, distributed at very high
voltage using smaller size conductor, and transformed at
points of use to single, two-or three-phase, 60-cycle
current of 120, 240, 480 or 600 voltages. The a-c current
is also available in 50 cycles (used primarily in foreign

countries) and 25 cycles. The 60 cycle frequency is most
utilitarian for power and lighting applications. Medium
high voltages (230 to 4160 and 4800 volts) are used for
large motors (200-250 horsepower and up) to achieve
whenever possible a lower over-all installation cost of
motor  and auxiliaries.

Alternating current voltage alternates regularly in
value and direction. Figure 50a illustrates a single-phase
wave. Frequency or cycle is the number of complete 360
degree cycles per second (two alternations per second).
If the electric power is supplied over two circuits in one of
which the voltage reaches zero and other corresponding
values 90 degrees later than in the other circuit, the
service is two-phase (Fig. 50b). If the power is supplied
over three circuits with corresponding current values
reached at 120 degree intervals, the service is three-
phase (Fig.50c).

FIG. 50-ELECTRIC SERVICE

FIG. 51 – CURRENT AND VOLTAGE IN PHASE, POSITIVE
ACTIVE POWER ONLY

FIG. 52 – CURRENT LAGS VOLTAGE, POSITIVE AND
NEGATIVE POWER
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PRESSURE, INTENSITY, RESISTANCE AND
ACTIVE POWER
     Flow of electricity is caused by electromotive force
(emf); the unit volt (E) is the common measure of electric
pressure (Fig. 50a). The top of the sine curve is the
maximum line pressure. The actual effective average
voltage (root-mean-square, rms, voltage) is 0.707 of the
maximum, and is measured by the a-c voltmeter.
   The unit ampere (I), the intensity of current, is the
measure of rate of flow of electric current. The effective
rms value is the value indicated on a common a-c
ammeter.
   A conductor of electricity inherently has resistance to
flow. For a given resistance expressed in ohm units (a
flow of one ampere under pressure of one volt) the emf
has to be varied to change the rate of flow. With reduced
resistance a given pressure (emf) in-creases the rate of
flow.
     Electric power (W) is measured in watts.

kw =

     A watt (EI) is the product of one amper effective
current flowing at a pressure of one effective volt, in a
circuit that does not contain either inductance or
capacitance, for instance, as an incandescent light bulb
or a heating device.
   In these noninductive a-c circuits the voltage and
current are in phase, reaching the maximums and
minimums at the same time (fig. 51). When voltage and
current are in phase, the power is the total active power
consumed:

1. On single-phase service, kw =

2. On two-phase service,   kw   =

3. On three-phase service, kw   =

CURRENT-VOLTAGE INTERACTIONS
    The relationship between current and voltage is an
important aspect of motor design for two reasons: (1)
power factor and (2) electromagnetism, the life blood of
transformers, motors and other electric apparatus
(solenoid valve) with magnetic effects created within iron
cores. The magnetic lines crossed by a conductor induce

a current within tie conductor. This is the foundation of the
motor concept.
     The magnetic effects produced by electric current in
an electric circuit containing coils or windings react in
turn upon the current. The magnetic effects retard (check
back) the current, causing it to lag behind the voltage; the
current still flows in the circuit even if the voltage is zero
(Fig. 52); the magnetic reaction is called inductance. A
condenser in an electric circuit causes current to lead
ahead of the voltage. This reaction is called capacitance
and tends to counteract the inductance.
APPARENT POWER
     In electric circuits containing inductance (induction
motors) with a continuous flow of current the product of
effective current and effective voltage is greater than the
actual power used to drive the motor. The cumulative
apparent power is measured in volt-amperes, or usually
in kilovolt-amperes (kva).

1. On single-phase service, kva =

2.     On two-phase service, kva     =

3. On three-phase service, kva  =

     Figure 52 is the power plot, usually positive; when
the current or voltage is negative, the product EI is
negative power. A motor draws positive power from the
line to do the actual work; the negative power (kvar) goes
back to the line. The actual power is the net flow of power
measured on the wattmeter.
     The kvar may be evaluated as follows:

1. On single-phase service, kvar =

2. On two-phase service,    kvar =

3. On three-phase service,  kvar =
(PF = power factor.)

POWER FACTOR
     The negative aspect of the power is the result of
magnetism, the reactive current that does no actual work;
however it provides the necessary magnetic field. The
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ratio of real active power to apparent power (watts/volt-
ampere, kw/kva) is the power factor. A power factor of 1.0
(unity) all positive (Fig. 51) is ideal; this exists in circuits
having resistance only such as incandescent lights and
electric heaters. A lagging power factor less than unity is
undesirable in circuits having squirrel-cage induction
motors. A decrease in power factor means an increase in
kvar for a given kw load. Chart 2 shows the range of
power factor effects of various electrical equipment on
the power circuit.
     There are various methods of controlling a power
factor as close to unity as possible. The kvar inherent in
induction motors is to be contained within the plant which
uses the actual power (Fig. 33). Without control of the
power factor the effects of its lagging are deleterious;
they are of vital interest to the power supplier as well as
the power consumer. The reasons  are three-fold:

1. Low power factor means more current per kilo-
watt used: hence it costs more to transmit the
useful power being dragged by apparent power.
The consumer may have to pay more for the real
power he uses.

2. Low power factor reduces the capacity of the
power system to carry the real power of the total
system from generator to switches at the motors;
the whole system must be larger to transmit a
given kilowatt load. The power producer’s in-
vestment per kilowatt of load is higher.

FIG. 53 – APPROXIMATE DROP IN  VOLTAGE WITH
LAGGING  POWER FACTOR

3. Low power factor may depress the voltage,
resulting in detrimental reduction of the output of
electric apparatus. This lowers the performance
of the consumer’s plant. Figure 53 shows the
effect of a low power factor on voltage.

VOLTAGE VARIATION
     A variation of the line voltage affects the induction
motor power factor and motor efficiency as shown in Fig.
54. The motor torques are raised or lowered from their
design value proportionally to the square of voltage; for
90% of line voltage (10% drop), there is available only
81% (.9 x .9) of design torque. Table 9 lists the effects of
voltage variation on the elements of motor behavior.
Figure 55 presents graphically the effect of voltage and
frequency variation on the two basic characteristics of a
motor, the starting torque and starting current.
     A decrease in voltage increases the full load current
and thus increases the full load temperature rise. An
increase in voltage may have the physical effects of
shearing off couplings and even producing some
damage to the driven equipment itself because of a sharp
rise in starting and running torque.

FIG. 54 – EFFECT OF LINE VOLTAGE VARIATION ON
MOTOR POWER FACTOR AND EFFICIENCY
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TABLE 9-VARIATION IN MOTOR CHARACTERISTICS WITH CHANGE IN VOLTAGE
Motor Characteristic Percent Variation with Change in Voltage of

Function of Voltage +20% +10% -10%
Starting and Maximum Running (Voltage)2 Increase 44% Increase 21% Decrease 19%

Torque
Synchronous Speed Constant No Change No Change No Change

Percent Slip 1/(voltage)2 Decrease 30% Decrease 17% Increase 23%
Full-Load Speed (Syn. Speed Slip) Increase 1.5% Increase 1% Decrease 1 ½ %

Efficiency
Full-Load ---- Small Increase Increase ½ to 1 point Decrease 2 points
¾ Load ---- Decrease ½ to 2 points Practically no change Practically no change
½ Load ---- Decrease 7 to 20 points Decrease 1 to 2 points Increase 1 to 2 points

Power Factor
Full-Load ----  Decrease 5 to 15 points Decrease 3 points Increase 1 point
¾ Load ---- Decrease 10 to 30 points Decrease 4 points Increase 2 to 3 points
½ Load ---- Decrease 15 to 40 points Decrease 5 to 6 points Increase 4 to 5 points

Full-Load Current ---- Decrease 11% Decrease 7% Increase 11%
Starting Current Voltage Increase 25% Increase 10 to 12% Decrease 10 to 12%

Temperature Rise, Full Load ---- Decrease 5 to 6 C Decrease 3 to 4 C Increase 6 to 7 C
Maximum Overload Capacity (Voltage)2 Increase 44% Increase 21% Decrease 19%
Magnetic Noise-No Particular ---- Noticeable Increase Increase Slightly Decrease Slightly

Load

NOTE:  Applicable to NEMA Design A, B and C motors.

MOTOR TORQUE
     The load torque of a driven machine must be
matched by the torque characteristics of the motor. The
relationship between torque, power and speed is given
by:

        T =
Where T  = torque, pound-feet
           P  = power, horsepower
           S  = speed, rpm

5252 =

     For example, a 500 hp, 1750 rpm (full load rpm) motor has a full
load torque of

                = 1500 pound-feet

     Motor torque is created by the interaction of a
rotating magnetic field (Fig. 26) and the induced  voltage
in the rotor coils.

     Figure 56 illustrates a torque curve characteristic of a
squirrel-cage induction motor. It also points out the
approximate locked rotor, pull-up breakdown and full
load torque values against the percent motor
synchronous speed.
Definitions of various torques follow:
1. Locked-Rotor* (starting, static, breakaway) Torque is

developed at the instant of starting for any angular

FIG. 55 – MOTOR PERFORMANCE
* Locked-rotor nomenclature is derived from the fact that in

measuring starting torque the rotor is locked in position and is
motionless when the current is applied to the rotor.

500 x 5252
1750

33000
2π

P x 5252
s
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FIG. 56 – SPEED- TORQUE RELATIONSHIP, INDUCTION
MOTOR

position of the motor rotor when the rated voltage is 
applied at rated frequency. It is the turning effort 
applied to the load at rest.

2. Pull-Up Torque is the minimum torque developed by
a motor at rated voltage during the acceleration from
rest to the speed at which the breakdown torque
occurs, or in general the minimum torque developed
up to rated speed. A drop in minimum torque below
the load torque prevents acceleration or stalls the
motor.

3. Acceleration (net) torque is the margin by which the
motor torque exceeds the load torque from standstill
to full speed (Fig. 56)

4. Breakdown (pull-out) Torque is the maximum torque
developed with rated voltage applied at rated
frequency without an abrupt drop in speed. It
accommodates brief overloads.

5. Full-Load Torque is that necessary to produce rated
horsepower needed to operate the driven machine,
performing in turn its task as full load speed.

6. Pull-in Torque, applicable only to synchronous
motors, is the torque that the motor develops when
pullin its connected inertia load into synchronism
upon application of d-c excitation.

SYNCHRONOUS SPEED
     The theoretical speed of a rotating magnetic field
(flux) produced by electric current in the primary
windings of the starter of an a-c induction motor is the
synchronous speed of the motor. The synchronous motor
is the only one that operates at 100% synchronous speed

at full load. Other types of motors have a speed that lags
the synchronous speed by a difference called slip.
     Synchronous speed S = theoretical motor rpm  =
Where:
     f     = frequency, cycles per second
     p    = number of starter poles
    120 = number of alternations per second for 60-cycle current
     Thus theoretically a two-pole motor rotates at 3600
rpm with 60 cycle current (3000 rpm with 50 cycle, 1500
rpm with 25 cycle current). A sixteen (16) pole motor
operates at 450 rpm with 60 cycle current.
SLIP
     The difference between the synchronous and the
operating speed of a motor is called slip (Fig. 57). It is
expressed in percent of synchronous speed. The greater
the load, the greater the slip; that is, the slower the motor
runs. But even at full load the slip generally is below 5%;
the motor is still considered a constant-speed motor.
   Percent slip =

     A motor rated at 1800 rpm and running at 1750 rpm when fully
loaded has

                   = 2.77% slip

     The significance of low slip is in the utilization of the
motor synchronous speed and its maximum efficiency.

FIG. 57 – TYPICAL CURVES, MOTOR TORQUE AND
CURRENT

100×
−

speedssynchronou

speedloadfullspeedssynchronou

120f
p

1800 - 1750
1800 x 100
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TABLE 10-STANDARD EQUATIONS
DESIRED DATA ALTERNATING CURRENT

Single-phase 2-Phase 3-Phase
Horsepower Volts × amps × eff × PF 2 × volts × amps × eff × PF 1.73 × volts × amps × eff × PF

(output) 746 × 100 746 × 100 746 × 100
Amperes (when hp × 746 × 100 hp × 746 × 100 hp × 746 × 100

horsepower is known) volts × eff × PF 2 × volts × eff × PF 1.73 × volts × eff × PF
Amperes (when kilowatts × 1000 kilowatts × 1000 kilowatts × 1000

kilowatts are known) volts × PF 2 × volts × PF 1.73 × volts × PF
Amperes (when kva × 1000 kva × 1000 kva × 1000
kva is known) volts 2 × volts 1.73 × volts

NOTE: equations for 2-phase are set up for 4-wire circuits.  In 3-wire circuits the current in the common conductor is 1.41 times that in
          Either of the other two conductors.  Efficiency is expressed in an integral number (90%).  Power factor is expressed as a decimal
          (0.85).  Refer to Charts 1 and 2

MOTOR CURRENT
     Because of usually low resistance in the motor Circuit
when the motor is at rest, the locked-rotor momentary
inrush of current (starting current) is four to six (up to 10)
times greater than the full load (Fig. 27). The low figure is
the standard for the majority of motors specifically
designed to satisfy the power companies’ concern with
taxing the transmission lines with disturbances that affect
the power transmission performance; these disturbances
are due to possible large low power factor starting
currents. The customer charges normally are affected
only slightly since the inrush is momentary in nature; this
inrush may have only slight effect on the demand charge
which is based on continuous use of current for at least
fifteen minutes. However in the case of frequent starting
or long acceleration periods, the demand is integrated
over a period of time (usually fifteen minutes) and may up
the demand charge. The same amount of current is
drawn at starting in case a motor is stalled because of
mechanical overload.
EFFICIENCY

Motor efficiency is a measure of the motor capacity to
convert electric energy input to mechanical horsepower
output and is expressed in percent of kw input:

               Percent efficiency =

     Approximate comparative efficiencies of standard
squirrel-cage induction motors at three different
synchronous speeds are shown in Chart 1.

HORSEPOWER AND CURRENT
     To facilitate the evaluation of horsepower output and
current consumption in amperes, standard equations are
presented in Table 10.
     The objective of this chapter has been to provide an
outline or an introduction to the great wealth of material
available on motors and motor controls. The
manufacturers’ data and catalogs provide the necessary
details. The proper selection of motors and motor controls
is an inseparable part of the design of air conditioning
and refrigeration systems that are part of the total over-all
mechanical equipment. The performance and ac-
ceptance of a system may well rest on the electrical
equipment selected to operate it.

hp output x .746
kw input x 100
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CHAPTER 3. BOILERS

     This chapter presents information to guide the
engineer in the practical application and layout of
boilers when used in conjunction with air conditioning
and refrigeration systems.
     The scope of this chapter is limited to packaged
boilers which have capacities to cover the applications
with which the engineer is concerned. Steam
generation as well as water heating may be effected by
the utilization of such boilers up to comparatively high
steam pressures and water temperatures respectively.
TYPES OF BOILERS
     Boilers may be classified in two general groups:

1. Sectional cast iron boilers.
2. Steel firebox boilers, fire-tube or water-tube.

     Cast iron boilers may be rectangular (or square)
with vertical sections or round with horizontal sections.
These boilers are usually shipped in sections and
assembled at the place of installation.
     Some smaller boilers are factory-assembled. Some
have water-filled spaces completely surrounding the
combustion chamber. Cast iron boilers are normally
limited to 15 psig steam pressure and 30 psig water
pressure (274 F) with IBR* net load ratings ranging up
to approximately 2,500,000 Btu/hr output.
     Fire-tube steel boilers have their combustion gases
passing thru tubes surrounded by circulating water. A
packaged steam or hot water fir-tube boiler is a
modified Scotch type boiler† having all component in
an assembled unit. Components include burner, boiler,
controls and auxiliary equipment.  Most modern fire-
tube units operate at or below 250 psig and below
about 20,000 lb steam/ hr. Fuels for packaged fired-
tube units may be oil, gas or a combination of these.

 * Institute of Boiler and Radiator Manufacturers.
†Type of boiler evolved to meet space and weight
requirements of the merchant marine. It is self-contained,
requires no  brick  setting,  and can be operated at high ratings
without damage.

   Water-tube steel boilers have their combustion
gases circulating around the tubes and water passing
thru the tubes. Most modern water-tube packaged units
have capacities ranging up to 60,000 lb steam/ hr and
presures up to 900 psig. Capacity is limited by shipping
clearances. Water-tube units are designed principally
for oil, gas or a combination of these fuels. These
boilers can be adapted to solid fuels more readily than
can fire-tube steel boilers.
APPLICATION
     Cast iron boilers are suitable for steam generation
or hot water heating where low pressures are used.
They may be applied in commercial and industrial
buildings within the capacity range available.
     The capacities of cast iron and steel boilers
overlap. Where this occurs, any comparison should
include the following:

1. Steel boilers in the larger sizes are more
efficient.

2. With proper maintenance and use, a cast iron
boiler outlasts any steel boiler made. However,
where the character of maintenance is apt to
result in neglect, the serviceability of the steel
boiler is of marked advantage.

3. A skilled steam fitter is required to assemble
the heating sections of cast iron boilers (when
field-erected). The steel boiler has only to be
placed into position. However, since the sec-
tions of a cast iron boiler are so designed as to
be readily carried thru doors or windows, ease
of installation generally favors the cast iron
boiler.

4. The relative cost of steel boilers in the smaller
sizes is greater than that of cast iron boilers of
the same capacity.

5. When more boiler capacity is required in the
extension of a system, additional sections may
be added to a cast iron boiler, whereas a
separate or replacement steel boiler of a larger
size must be considered.
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     Fire-tube steel boilers are used principally in small
heating and industrial plants.  Its popularity is growing
in the industrial, commercial and institutional fields.
Shell diameters are limited to about 96 inches. Cost of
installation including setting is considerably less than
that of a corresponding water-tube boiler. With a water-
filled cylindrical shell housing an internally fired furnace,
a relatively long gas-travel path yields high efficiency in
a compact unit.
     Water-tube steel boilers pick up in capacity near
the upper end of the fire-tube range to extend the
availability of the packaged concept. Pressure and size
limitations of fire-tube boilers do not exist in water-tube
units; these boilers require no prepared setting other
than a floor of sufficient strength and no skilled labor for
assembly prior to operation.
     Fire-tube and water-tube steel boilers may be used
for hot water heating.
STANDARDS AND CODES
     Boiler installation should conform to applicable
national, state, local, ASME, utility and insurance code
requirements. The ASME boiler and pressure vessel
code (Sections I and IV) prescribe methods of boiler
design, construction and installation. The Mechanical
Contractors Association of America prescribe boiler
testing and rating procedures.
STEAM BOILERS
     Where applicable, low pressure steam generators
are recommended because boilers operated at more
than 15 psig pressure must, generally, be tended by a
licensed operator.
LOW PRESSURE BOILERS
     Cast iron or fire-tube steel boilers may be applied
to low pressure steam generation.
     Hartford Return Loops illustrated in Part 3 are
recommended to prevent the loss of boiler water by
backward flow into the return mains.
Cast Iron Boilers
     Cast iron boilers are designed for oil, gas or coal
fuel.
     Figure 58 shows a typical gas-fired, cast iron
steam generator. Good boiler design incorporates
methods of breaking up the hot gases leaving the
firebox and, by means of passes or baffles, promotes
contact with the heating surface at a high gas velocity
but with a reasonable resistance.

FIG. 58 – TYPICAL GAS-FIRED CAST IRON GENERATOR

Fire-Tube Steel Boilers
     Practically all packaged fire-tube units are
available for low pressure heating service (15 psig and
below). They are relatively inexpensive compared to the
corresponding water tube boilers. Figure 59 shows a
typical fire-tube steam generator.
     The design and construction of a fire-tube boiler
presents definite limits to the sizes which can be built.
Practical limits of size and pressure result from the fact
that the entire steam-making process takes place inside
a shell. Since shell strength to resist rupture is
proportional to pressure times diameter, high pressures
and large diameters lead to prohibitively thick shells.

FIG. 59 – TYPICAL FIRE- TUBE STEAM GENERATOR
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The fire-tube boiler has a large water-storage
capacity; thus the wide and sudden fluctuations in
steam demand are met by only a slight change in
pressure. Because of the large water content, a longer
time is required to bring the boiler up to operating
pressure. Overload capacity is limited and exit gas
temperatures rise rapidly with increased output. Oil- or
gas-fired, the modern packaged fire-tube boiler
operates with efficiencies of about 80% over a wide
load range. Coal, stoker-fired boilers operate from 60-
75% efficiency.
     The fire-tube design is not readily adaptable to the
installation of soot blowing equipment. However, with
relatively large tube diameters compared with water-
tube boilers and with the products of combustion
confined within the tubes, the turbulent high speed gas
tends to produce a scrubbing action and maintain tube
surfaces relatively free of combustion deposits. The fire-
side surfaces of the tubes may require brushing at
periodic intervals, the length of the intervals depending
on the cleanliness of the combustion process and the
type of fuel used.
HIGH PRESSURE BOILERS
     Both fire-tube and water-tube steel boilers may be
applied to high pressure steam generation.
Water-Tube Boilers
     Water-tube boilers (Fig. 60) have compact and
efficient heating surface layouts by combining water-
wall and convection surfaces; they are well suited for
low head, limited space applications.
     Waterwalls handle the bulk of the heat absorption
in most packaged water-tube units.  Exposed to radiant
heat the waterwall heat transfer rate  is high. In nearly
all designs the drum is arranged with its long axis
parallel to the furnace length.

FIG. 60 – TYPICAL WATER- TUBE STEAM GENERATOR

FIG. 61 – DIRECT SYSTEM,
HIGH TEMPERATURE WATER

     Practically all water-tube boilers are equipped with
soot blowers when delivered, or have provision for easy
installation of soot blowing elements. These are usually
of the steam type.
HOT WATER SYSTEMS
     In hot water applications the range of temperatures
involved is from 180 F (conventional gravity hot water
heating system) to 400 F (accepted practical upper
limit for industrial applications). Two basic types of hot
water systems are the indirect cascade and the direct
systems.
     A direct system (Fig. 61) generally had a separate
tank which provides expansion as the water tempera-
ture changes. If forced circulation is used, a centrifugal
pump draws water from the tank, circulates it thru the
system, sends it to the boiler for reheating, then returns
it to the tank to complete the cycle.

FIG. 62 – INDIRECT SYSTEM,
HIGH TEMPERATURE WATER
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FIG. 63 – DIRECT SYSTEM,
LOW TEMPERATURE HOT WATER

FIG. 64 – INDIRECT SYSTEM,
LOW TEMPERATURE HOT WATER

     An indirect system (Fig. 62) takes steam from a
boiler and carries it to a direct contact heater that raises
the water temperature to within about two degrees of
the entering steam temperature. From the heater,
pumps circulate the high temperature water to heat
exchangers at points of use. Condensate is generally
returned to a hot well. Feed water may be supplied from
both the hot well and water portion of the direct contact
heater.
     The direct type of system is generally employed
except on installations where existing steam generators
are used, when a source of exhaust steam is used with
a cascade heater to produce high temperature water,
or where specific limitations on the use of a cast iron
boiler prevent it from being used on a direct system.
Specific limitations on a cast iron boiler are these:

1. Not recommended where the hardness of the
water produces lime deposits in the boiler
sections.

2. Not recommended where the city water mains
are sued as an expansion tank and the city
water supply pressure is greater than the
boiler maximum working pressure.

     High temperature water applications may be
divided into three categories:

1. Low temperature (LTHW) range is from 180-
250 F with corresponding saturation pressures
from 0-15 psig.

2. Medium temperature (MTW, sometimes called
intermediate) range is from 250-300 F with
saturation pressure ranging from 15-52 psig.

3. High temperature (HTW) range is from 300-400
F with saturation pressure readings of 52-233
psig.

LOW TEMPERATURE HOT WATER SYSTEMS
     Cast iron and fire-tube boilers may be applied to
low temperature hot water heating with direct and
indirect systems. A typical direct system using a cast
iron boiler is shown in Fig. 63.
     With suitable provision for introducing the return
low temperature water without thermal shock to the unit,
the conventional fire-tube packaged steam boiler may
be adapted to the direct system.
     A typical indirect system using a cast iron boiler is
shown in Fig. 64. Any steam generating unit can be
used in a cascade system. With low temperature hot
water applications temperature rises up to 50 degrees
may be used.
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MEDIUM AND HIGH TEMPERATURE WATER SYSTEMS
     Water temperatures greater than 274 F can be
secured with some cast iron boilers utilizing a direct
system. Boilers may also be water-tube or fire-tube, and
may be equipped with any conventional fuel firing
apparatus.
     Since there is a partial correlation between pres-
sure and capacity, maximum pressure and tempera-
ture seldom prove economical except in the higher
capacity range. Water-tube boilers are seldom
designed for pressures below 150 ponds; they are
preferred for the higher pressure and capacity ranges.
     With medium and high temperature hot water
applications, advantage may be taken of high
temperature rises up to 100 F and 200 F respectively.
     Figure 65 shows a typical fire-tube hot water boiler.
Figure 66 shows the flow pattern in a hot water boiler.
BOILER PERFORMANCE
     The term performance refers to the rate of output,
efficiency of heat transfer, and draft and pressure
requirements of the unit or any of its component parts.
CAPACITY
     The capacity or output of a boiler is expressed in
many ways. The most accurate method of rating is in
terms of total heat transferred per hour to the water or
steam as it passes thru the unit.  Capacity may also be
expressed in equivalent direct radiation, boiler
horsepower or actual evaporation.
     However such a rating reflects only the boiler
output under laboratory test conditions and does not
provide for piping loss and starting load allowances;
when selecting a boiler, its net load rating (IBR, SBI*,
ABMA† ) should be equal to or exceed the calculated
heat requirements of the building. The net load rating
varies from 75% for oil, gas and automatic coal-fired
boilers to approximately 40% of the gross output for
small hand, coal-fired boilers. When required by job
conditions, the calculated heat requirements of the
building should take into consideration the startup
steam demand of the miscellaneous equipment
supplied by the boiler.
Equivalent Direct Radiation
     An equivalent square foot of steam radiation
surface (EDR) is defined as the amount of surface
which emits 240 Btu/hr, with a steam temperature of
215 F and a room air temperature of 70 F. With hot
  *  Steel Boiler Institute.
 † American Boiler Manufacturers Association.

FIG. 65 – TYPICAL FIRE- TUBE HOT WATER BOILER

FIG. 66 – INTERNAL FLOW PATTERN, HOT WATER
BOILER

water the value of 150 Btu/hr may be used for a 20 F
drop. However, the EDR unit is being replaced by the
more universal Btu/hr rating.
Boiler Horsepower
     A boiler horsepower (BHP) is defined as the
evaporation of 34.5 lb of water per hour from a
temperature of 212 F into dry saturated steam at the
same temperature. This is equivalent to 33,475 Btu/ hr
or 139.5 sq ft of equivalent direct steam radiation or
223.1 sq ft of hot water radiation.
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Actual Evaporation
     The term most commonly used is actual
evaporation, i.e. pounds of steam generated per hour
(lb steam/hr) at the given steam temperature and
pressure. This does not offer an accurate comparison
between one unit and another since the heat
transferred per pound of steam generated may vary
widely, depending on steam pressure, temperature and
feed-water temperature.
Percent of Rating
     It has been customary to rate boilers on the basis
of 10 square feet of heating surface per boiler
horsepower. However, as boiler designs and firing
methods have improved, boilers can now develop
several times the capacity based on former methods of
rating. The ratio of actual to nominal capacity has been
stated as percent of rating. Although the term has
become obsolete, it is still used occasionally with
reference to standardized boilers of low capacity.
Corrections to Ratings
     For elevations above 2000 feet, boiler ratings
should be reduced at the rate of 4 percent for each
1000 feet above sea level unless the boiler mechanical
draft fan capacity is adjusted accordingly.
     Minimum required gas pressures for gas-fired
boilers should be adjusted upward for altitudes above
700 feet. Correction factors should be obtained from
the boiler manufacturer.
EFFICIENCY OF HEAT TRANSFER
     The efficiency of a boiler is the ratio of the heat
absorbed by water and steam to the heat (calorific
value) in the fuel. In commercial practice, the combined
efficiency of the boiler and furnace (including grate) is
used.  It is extremely difficult to determine the actual
efficiency of a boiler alone, as distinguished from the
efficiency of the combined apparatus.
     Stack losses (sensible heat lost in flue gas) are
almost always the most serious source of furnace in-
efficiency. A maximum stack temperature of 500-600 F
is considered good practice by many engineers. Exit
gas temperatures of 100-150 degrees above saturated
steam temperatures are typical. Figure 67 shows the
typical performance of an oil-fired fire-tube boiler at a
constant pressure.
DRAFT AND PRESSURE
     The various items included in the pressure
differential across the convection surface of a boiler
are:

1. Friction due to flow across tubes.

FIG. 67 – TYPICAL PERFORMANCE CURVES, OIL- FIRED
FIRE- TUBE BOILER

2. Loss in head due to turns.
3. Friction due to flow thru or parallel to tubes.
4. Stack effect.

    Turns in boiler passages are usually of the severest
type in that they are generally 180 degrees and are
very sharp.
     Because of the great difference in the coefficient of
heat transfer between cross and parallel flow, lower
velocities are usually used for cross flow in order to
obtain reasonable draft losses.
     The flow of air thru the fuel bed and the products of
combustion thru the boiler breeching and stack result in
a pressure drop.  In order to keep the gases moving at
the rate required to maintain combustion, either
mechanical or natural draft is required to overcome this
pressure difference.
     Mechanical draft implies the use of forced or
induced draft fans whose characteristics and selection
are similar to those in ventilating work, except for a
heavier construction.
     Natural draft is produced by chimneys or stacks
which serve to discharge the gaseous combustion
products at an elevation sufficiently high to avoid
pollution of the immediate surroundings. Their selection
involves the determination of (1) the amount of draft
required, (2) the stack height needed to produce this
draft, (3) the weight rate of flow of flue gases and (4)
the stack section area necessary to accommodate this
flow.
     Chimneys produce a draft as a result of the differ-
ence in density between the column of hot gases inside
and the air outside. The net useful draft is the difference
between this theoretical static head and the resistance
of the chimney itself due to gas flow.
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     Mechanical draft fans for packaged boilers are
designed in accordance with the combustion
requirements of the burner. Natural stack draft is not
required with the packaged automatic boiler. Stack
construction and maintenance costs are eliminated.
Only a small vent is needed to carry flue gases
outdoors.
FUELS
     The principal fuels used for combustion in a boiler
are coal, oil and gas; the choice of fuel is usually based
on availability, dependability, cleanliness, economy,
operating requirements and control.
AVAILABILITY
     The unavailability of a particular type of fuel may
preclude its use. Reasonably certain long term avail-
ability of a fuel and less likely interruption of supply in
the event of any emergency should be considered.
     Local codes may prohibit the use of certain types
of a fuel.
DEPENDABILITY
     Dependability may be measured in terms of
quantity and quality.
     An interruptable service rate to consumers of gas
fuel is lower than the normal service rate but at the
same time permits the gas company to interrupt the
service during times of greatest demand, such as may
occur under extreme weather conditions. To accept
such an arrangement for gas service when available
means that the fuel is not dependable as to quantity.
However, if the firing equipment of the boiler is a
combination gas-oil burner, oil can be used during
short periods of interrupted service to provide an
optimum arrangement.
     It is desirable that the fuel used be of a consistent
quality. A varying fuel quality can prevent optimum
economy due to decreased efficiency and increased
maintenance.
CLEANLINESS
     General cleanliness is inherent in oil- and gas-fired
boilers. However, there is an increasing demand by
both government agencies and private industry for
coal-fired packaged boilers. As a result over the past
few years there has been a concentrated effort on the
part of the coal-fired boiler and firing equipment
designers to approach the cleanliness of the oil- and
gas-fired equipment.

ECONOMY
     Relative economy of various fuels does not depend
on the heating value of the fuel itself as much as on the
conditions attending its use.  The final cost of steam or
hot water which determines the most economical fuel
depends on (1) charges for operation and main-
tenance, (2) cost of fuel, (3) charges for handling fuel,
(4) cost of operation and maintenance of auxiliary
equipment and (5) fixed charges for stand-by capacity.
Item 1 is common to all fuels; items 2 to 5 vary with
each fuel.
     The average cost of burning coal in this country
exclusive of fixed charges is about 5% of its cost; for
fuel oil approximately 1.5% of the equivalent coal cost,
and for natural gas 0.5%.
     Storage and handling problems assume greater
proportions with the solid fuels. They are essentially
nonexistent with gas and are easily handled with oil.
While a somewhat higher initial investment may be
required for a coal-fired unit than for a gas- or oil-fired
unit, other factors tend to have a balancing influence on
a long term basis. In many areas coal offers a lower
cost per Btu than other fuels delivered to the plant.
     The advantages of fuel oil over coal are these:

1. Weight 30% less and space occupied 50%
less than coal of equivalent heat content.

2. Freedom from spontaneous combustion.
3. Storage may be distant from furnace.
4. Fuel immediately available, stored or removed

with practically no labor.
5. High combustion rates per cubic foot of

combustion space.
6. Great flexibility in furnace to carry peak and

valley loads readily and economically.
7. Low labor cost to handle oil at the furnace and

to clean boiler tubes.
8. No labor for cleaning fires or removing ashes.
9. High efficiency and relatively no smoke.
10. Absence of wear on machinery due to ash and

dust.
11. Low pressure drop thru the furnace.
12. Minimum of excess air required for complete

combustion.
The advantages of gas over coal are these:
1. Burned in furnaces where the supply can be

varied almost instantaneously between wide
limits by manual or automatic control.

2. Complete combustion obtained with low
excess air; flue losses low and operation
smokeless.

3. Furnace can be maintained with an oxidizing
or reducing atmosphere with ease and little
reduction in efficiency.
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4. No storage facilities needed on the premises
of the customer.

OPERATING REQUIREMENTS
     With most coal and some gas boilers, when a fuel
is burned continuously at a rate to match the load, the
maximum load rarely occurs. For this reason poor
efficiency can be tolerated at full load if the bulk of
operation occurs at good efficiency. Conversely, boilers
with intermittent oil or gas burners operating at
maximum load at all times during the on cycle, should
be selected for good efficiency at this load.
CONTROLS
      Controls are a consideration in the choice of a fuel.
For equivalent control, coal-fired boiler control is more
complicated and expensive than that for oil or gas.
Similarly, control for oil is more complex and costly than
that for gas.
BOILER SELECTION
     Factors which exert the greatest influence on the
selection of boilers are fuel characteristics, capacity
and steam conditions, space conditions, cost and
individual preference.
FUEL CHARACTERISTICS
     Prior to a preliminary selection of equipment,
complete information should be available concerning
fuels on which boiler types and predicted performance
are based. Numbers 5 and 6 fuel oil require preheating
equipment before the boiler. It is also desirable to
determine a secondary fuel supply for emergency use
when the primary fuel supply is interrupted or when
changes in price make the secondary fuel more
economical.
     Where possible, equipment selection should be
such that secondary fuel performance is equivalent to
that of the primary fuel. However, if any interruption in
primary fuel supply is only temporary and if the price
differential between primary and secondary fuels is
fairly stable, it may be more economical to design for
maximum efficiency with the primary fuel and to accept
some compromise in performance and maintenance
costs with the secondary fuel. Packaged boilers are
currently offered for gas firing with oil standby. They
operate with equal efficiency on oil or gas.
CAPACITY AND STEAM CONDITIONS
     Capacity is one of the most important factors in
determining the type of unit to be selected.  There is a
partial correlation between steam conditions and
capacity. Maximum pressures and temperatures

seldom prove economical except in the higher capacity
ranges. Limitations imposed by steam pressure and
temperature are predominantly structural. They affect
the weight of steel required, hence the cost;
temperature affects the space required by the super-
heater and adaptability of the boiler to provide that
space.
SPACE CONDITIONS
     In an existing building both shape and volume of
the space available have a marked effect on the
capacity of the unit to be installed, type of firing, and
possibly the range of fuels which can be fired at a given
capacity.
COST
     Caution should be exercised in the degree to
which first cost is allowed to influence the equipment
selected. A complete economic study should be made
by considering the load factor of the installation, the
cost of fuel, and the efficiency of the installation as a
whole rather  than the boiler equipment alone.
     A small plant with an ample supply of low priced
fuel and a seasonal load of a few months each year can
justify standard boiler and natural draft. However, a
plant with a load factor approaching 100% using a high
priced fuel can readily justify an efficient fuel burning
system, high steam pressure and temperature, and
induced draft fans. The cost of the fuel burned during
the life of such a unit may be many times the initial
investment. Even a small advantage in reliability,
efficiency or flexibility gives economic justification for
the relatively small additional first cost necessary to
provide the better unit.
INDIVIDUAL PREFERENCE
     Individual preference should be considered if the
plant personnel is familiar with the operation of a given
type of equipment, or if the plant is designed for
specific equipment and is unsuitable for other
equipment without expensive changes. However the
improvements in design and the higher efficiency or
capacity that may be obtained within the same space at
reduced cost for labor and maintenance should be
overlooked.
LAYOUT
     Considerations in the layout of a boiler installation
are location, vent or chimney, air supply and water
treatment.
     Most boiler manufacturers publish information
relating to the specific details of their boilers and the
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requirements of auxiliary equipment used in connection
with boiler plant design.
LOCATION
     Boilers should be located at a central point with
respect to the heat transfer equipment it serves and in a
space provided with maximum natural light. For
example, a gas fired boiler with mechanical draft
located in a roof penthouse with the central station air
conditioning equipment may prove economically
attractive. The greater part of the piping normally
required is that needed to supply gas to the boiler and
interconnect the boiler and air conditioning equipment.
Minimum gas pressure requirements at the boiler
should be checked and compared with the available
pressure. Oversized gas trains at the boiler may be
used to reduce gas pressure requirements. Only a
small vent is needed to carry flue gas from the boiler to
the outdoors.
     An adequately strong and level floor is required for
the location of a packaged boiler.  If the floor is not
level, a concrete pad should be constructed. This also
provides inspection accessibility to the piping beneath
the boiler, and added height for washing down the area
beneath the boiler. A boiler should not be installed on
combustible floors unless so approved.  Isolation of the
boiler may be necessary in low sound ambient areas.
     There should be adequate clearances around the
boiler for access and service. Manufacturers should be
consulted for recommended clearances. The space in
front of the boiler should be sufficient for firing, stoking,
ash removal, and cleaning or renewal of flue tubes.
Space should be allowed on at least one side of every
boiler for convenience of erection and for accessibility
to the various dampers, cleanouts and accessories.
Space at the rear of the boiler should be ample for vent
or chimney connection and cleanouts. A service trench
in the boiler room floor for fuel and miscellaneous
piping is recommended for optimum room appearance.
Boiler room height should be sufficient for the location
of boiler accessories and for proper installation of
piping. Room height varies directly with:

1. Height and size of boiler.
2. Steam header size and location.
3. Breeching size and location.
4. Local and insurance code requirements.

     While more boilers are installed in boiler rooms
completely protected from the elements, such housing
is not entirely essential to their operation when built
especially for permanent outdoor installation. To cover
the vital working parts, a special housing called a “dog
house” is available or is included in the design. While

FIG. 68 – BOILER FOR OUTDOOR INSTALLATION

providing the required  protection, this housing
provides access to working parts.  Figure 68 shows a
packaged boiler for outdoor service.
VENT OR CHIMNEY
     Natural stack draft is not required with mechanical
draft packaged boilers.  Only a small vent the size of
the boiler vent outlet is needed to carry flue gases
outdoors. On multiple boiler installations when building
conditions permit, the simplest and most efficient
method of venting the flue gas is the use of individual
stacks. To minimize steel breeching and stack
condensation, insulation is used to lower heat losses.
     Stack heights in excess of 150 feet or extremely
large breeching and stack combinations may cause
excessive draft. A barometric damper located close to
the stack in the breeching should be considered only
after serious burner adjustment problems.
     Considerations relating to a chimney for a natural
draft boiler are these:

1. Recirculation effect decreases with chimney
height and an increase in flue gas velocity.

2. Two or more chimneys (large or small) should
be used separately, never connected.

3. Excessive height in a chimney does no harm
but means are necessary for controlling the
induced draft.

AIR SUPPLY
     All rooms or spaces containing boilers should be
provided with a constant supply of combustion (and
ventilation) air at adequate static pressure to insure
proper combustion in the fuel burners. The importance
of providing proper combustion air should not be
underestimated and a failure to do so may result in

www.HVAC-ENG.com



Part 8. Auxiliary Equipment | Chapter 3. Boilers

erratic or even dangerous operating conditions for the
equipment.  Rules for providing air supply openings are
found in technical standards, in state and municipal
building codes, and in service and installation bulletins
published by manufacturers of fuel burning equipment.
     Approximately 1 cfm of combustion air per 4200
Btu/hr boiler gross output and 1 cfm of ventilation air
per 17,000 Btu/hr boiler gross output should be
provided for the boiler room for oil- or gas-fired boilers
for altitudes up to 1000 feet. At higher elevations three
percent more air per each 1000 feet should be
provided if the boiler rating is not reduced.

WATER TREATMENT
     If the boiler water is scale- or sediment-forming or
corrosive, measures should be taken to correct this
condition. Consult a water treatment specialist and
make necessary piping arrangements to provide such
treatment. Refer to Part 5.

Bottom blowdown helps remove impurities. A
continuous blowoff system should be considered
whenever the percentage of raw make-up water is 50%
or more or when the raw water contains a high amount
of impurities.
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CHAPTER 4.  MISCELLANEOUS DRIVES

   This chapter presents practical information to
guide the engineer in the application and layout of
steam and gas turbines and gas and diesel engines
used with air conditioning system.
     These drives may replace electric motor dries
when there is a lack of electric power or when there is
an economic advantage. Gas may be used where utility
companies offer favorable rates for off-season users.
Steam may be available as waste from a high-pressure
source.
     Steam turbines are used for driving refrigeration
machines (centrifugal or reciprocating), fans and
pumps. Gas turbines, gas engines and diesel engines
are usually used only for driving refrigeration machines.
STEAM TURBINE DRIVE
     A steam turbine drive is usually chosen to improve
a heat balance where exhaust or high pressure steam
is available. When a centrifugal refrigeration machine,
fan or pump is fitted into a heat balance, operating
economies can be obtained.
TYPES OF STEAM TURBINES
     Stem turbine drives are available as single stage
and multi-stage.
Single Stage Turbine
     In a single stage turbine steam expands from the
initial to the final exhaust pressure in one nozzle or set
of nozzles (all working at the same pressure), and the
energy is absorbed in one or more rows of revolving
blades.
Multi-Stage Turbine
     In a multi-stage turbine the expansion of steam
from the initial to the exhaust pressure is divided into
two or more drops thru a series of sets of nozzles. Each
set is followed by one or two rows of revolving blades
which absorb the energy of each pressure drop.
    A typical steam turbine is shown in Fig. 69.

APPLICATION
     A steam turbine may be operated as a condensing
or noncondensing (back pressure) turbine. When steam
is not otherwise required for process heating or other

application, a condensing turbine drive produces
power for the least amount of steam. All the steam used
is chargeable to power costs. When steam is required
for other applications, a noncondensing turbine
provides power at the lowest cost because the exhaust
steam from the turbine can be used for other
applications.
Condensing Turbine
     Condensing turbine drives may be used with either
high or low pressure steam. This turbine is higher in first
cost than a noncondensing unit because of the
additional condensing equipment required.
     High pressure condensing turbines are used to
produce power with a minimum amount of steam when
the exhaust steam cannot be utilized or to secure a
maximum amount of power with limited boiler capacity.
     Low pressure condensing turbines utilize exhaust
steam from existing equipment, producing power from
steam that would otherwise be wasted. They are often
utilized in summer when available exhaust steam
cannot be used for heating.

FIG. 69 – TYPICAL STEAM TURBINE
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Noncondensing Turbine
Noncondensing turbine drives are particularly

economical when the demand for process or heating
steam is sufficient to utilize all of the turbine exhaust
steam. Under such circumstances the turbine acts as a
reducing valve and produces power at a very low cost.
It is also used when very low cost steam is available
and the exhaust from the turbine is wasted or when no
condensing water is available.
STANDARDS AND CODES
     Steam turbine application and installation should
conform to all codes, laws and regulations applying at
the job site.
TURBINE SELECTION
     The system requirements influencing the selection
of a steam turbine drive are type of driven equipment,
governor, maximum horsepower and rpm, available
turbine inlet steam pressure, superheat and design
turbine exhaust pressure. When these requirements are
known, the selection of a steam turbine drive usually
involves the choice of the most inexpensive
combination of frame size and stages with an
acceptable steam rate.
     The selection of a turbine having a horsepower
rating 5% greater than the design horsepower required
for the refrigeration machine is recommended for
comfort cooling applications. A minimum 10% safety
factor is recommended for industrial refrigeration
applications at air conditioning temperature levels.
These recommendations are based on a mini-mum
scale factor of .0005 for both the cooler and condenser.

     Multi-stage turbines are more efficient than single
stage turbines and more expensive. However, for the
same operating conditions the exhaust steam is of
lower quality. For certain applications a lower quality
exhaust steam may be undesirable.
STEAM RATE
     An approximate turbine steam rate may be deter-
mined from this formula:

Approximate steam consumption (lb/hp/hr)

                =

     Theoretical steam rates and approximate over-all
efficiencies may be obtained from Table 11 and Chart
3 respectively. Actual turbine efficiencies and steam
rates should be obtained from the turbine manufacturer.
CONDENSER
     A condenser is required to condense the exhaust
steam from a condensing turbine. A shell-and-tube type
is used with the steam condensed in the shell and
condenser water from the refrigeration machine
pumped thru the tubes.
     Water required for condensing should be piped
first thru the refrigeration condenser and then in series
thru the steam condenser. This arrangement results in
minimum piping, power requirements and steam
consumption. A higher fouling factor than that used in
the selection of the refrigeration machine condenser is
recommended when selecting the steam condenser
because the higher condensing temperature causes
greater fouling.

CHART 3-APPROXIMATE OVER-ALL EFFICIENCIES OF STEAM TURBINES

Theoretical steam rate (lb/hp/hr)
approx. over-all effciency
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TABLE 11-TURBINE THEORETICAL STEAM RATE (lb/hp/hr)

INITIAL PRESSURE (PSIG)
EXHAUST 60 100 125 150 175

PRESSURE INITIAL SUPERHEAT (F)
0 42.7 92.7 0 62.1 112.1 0 97.2 122.2 0 84.2 134.2 0 76.2 122.6

3.5 in. Hg 10.4 10.1 9.8 9.3 9.0 8.7 8.9 8.4 8.2 8.6 8.1 7.9 8.3 7.9 7.7
abs.

4.0 in. Hg 10.7 10.4 10.1 9.5 9.2 8.9 9.1 8.6 8.4 8.8 8.3 8.0 8.5 8.1 7.8
abs.

4.5 in. Hg 11.0 10.7 10.4 9.8 9.4 9.1 9.3 8.7 8.6 9.0 8.5 8.2 8.7 8.3 8.0
abs.

5 lb/sq in. 25.6 24.9 23.9 19.4 18.6 17.8 17.5 16.2 15.9 16.2 15.2 14.5 15.2 14.4 13.8
gage

10 lb/sq in. 30.5 29.6 28.2 22.0 21.0 20.1 19.5 18.1 17.7 17.9 16.7 16.0 16.7 15.7 15.1
gage

15 lb/sq in. 36.2 35.0 33.2 24.8 23.6 22.4 21.6 20.0 19.5 19.6 18.3 17.5 18.1 17.1 16.4
gage

INITIAL PRESSURE (PSIG)
EXHAUST 200 250 300 400 600

PRESSURE INITIAL SUPERHEAT (F)
0 62.2 137.2 0 94 169 0 78.3 153.3 0 101.9 201.9 86.2 186.2 261.2

3.5 in. Hg 8.1 7.8 7.4 7.8 7.3 7.0 7.6 7.1 6.8 7.2 6.7 6.2 6.3 5.9 5.6
abs.

4.0 in. Hg 8.3 8.0 7.6 7.9 7.5 7.1 7.7 7.3 6.9 7.3 6.8 6.4 6.4 6.0 5.7
abs.

4.5 in. Hg 8.5 8.1 7.7 8.1 7.6 7.2 7.8 7.4 7.0 7.5 6.9 6.5 6.5 6.1 5.8
abs.

5 lb/sq in. 14.4 13.7 12.9 13.3 12.3 11.6 12.5 11.7 11.0 11.5 10.5 9.7 9.5 8.8 8.2
gage

10 lb/sq in. 15.7 15.0 14.1 14.4 13.3 12.5 13.5 12.6 11.9 12.2 11.2 10.3 10.0 9.2 8.7
gage

15 lb/sq in. 17.0 16.2 15.2 15.4 14.3 13.4 14.4 13.5 12.6 13.0 11.9 10.9 10.6 9.7 9.1
gage

Theoretical steam rate (lb/hp/hr) =   
21 hh
12544

−
.

where:
     h1 = enthalpy of initial steam (Btu/ lb)
    h2 = enthalpy of exhaust steam at the entropy of the initial steam (Btu/ lb)
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FIG. 70 – RECOMMENDED STEAM AND EXHAUST PIPING
ARRANGEMENT

     The condenser water rise in the steam condenser
may be determined from this formula:
                             Rise =

where:
     Btu/hr  =  turbine steam rate (lb/bhp/hr)

     × centrifugal bhp × 950
     gpm     =  condenser water flow

PIPING DESIGN
     No part of the turbine installation is more important
for successful operation than well-designed, installed
piping.
Steam Piping
     There are two objectives for good piping:

1. Prevent the heated piping from imposing
strains on the turbine casing, thus affecting
alignment.

2. Connect and drain the turbine inlet and
exhaust lines so that dry steam is furnished to
the turbine and water accumulation in these
lines is prevented.

A shutoff valve is recommended in the steam line
(preferably at a convenient accessible location in the
turbine room) between the steam header and the

turbine inlet to allow service on the turbine without
shutting down the boiler.
     The turbine casing must be protected from piping
weight or expansion strains. Piping weight should be
carried separately by suitable supports. Expansion
joints or bends should be provided adjacent to the
turbine connections. Connections between piping and
turbine should be made without forcing the pipe line in
any direction in order to make a satisfactory joint.
Figure 70 illustrates the recommended steam and
exhaust piping arrangement.
     A receiver type separator with ample drains should
be provided ahead of the shutoff valve in the steam
supply to prevent slugs of water from damaging the
turbine. When a separator is not provided, a blow-off
valve or continuous drain should be connected to the
lowest point of the steam inlet piping. It is imperative
that feed water treatment and boiler operation be
carefully controlled to insure a supply of clean steam at
all times.
     Piping must be designed in accordance with the
turbine-exhaust hand selected.  Figure 71 shows the
available hand for single and multi-stage turbines.
Miscellaneous Piping
     Properly planned miscellaneous piping gives a
workmanlike appearance to an installation. Drain lines
should be grouped and brought to a common drain
arrangement. All open drain connections should be
brought into a common closed collector box with a
glass window for visual checking by the operator. Water
cooling connections should be connected to a water
supply at a maximum of 85 F. Figure 72 shows the
miscellaneous piping connections to a typical single
stage turbine.
INSULATION
     All heated surfaces of steam turbines such as
casings and chests, connections, flanges and valves
should be insulated to prevent heat loss and
condensation in the turbine. Wet steam results in power
losses, unnecessary wear, and possible damage to the
turbine. To protect the insulation, metal lagging is fitted
closely over the surfaces of the insulation. Insulation
and jacketing can normally be provided by the turbine
manufacturer.
CONTROLS
     The function of the controls is to adjust the
horsepower output of the drive to the horsepower
requirement of the load. The speed of the turbine must
also be controlled either at a constant speed or variable
speed depending on the load requirements.

gpm500

Btu/hr

×
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GOVERNOR
     A speed governor must be employed to maintain or
vary the speed. They are of two basic types,
mechanical (fly-ball) or hydraulic (oil pump). This
classification indicates the type of speed sensitive
element. Each may be either direct acting or controlled
by a relay to indicate the means of speed control.

     The turbine manufacturer should recommend the
type of governor for specific conditions. In general, a
direct acting hydraulic governor is used for a constant
or variable speed drive. However, above approximately
a 5-inch governor valve size of for speeds in excess of
7000 rpm, an oil relay hydraulic governor is used.

FIG. 71 – TURBINE EXHAUST HAND AND ROTATION

FIG. 72 – MISCELLANEOUS PIPING CONNECTIONS, TYPICAL SINGLE TURBINE

www.HVAC-ENG.com



Part 8. Auxiliary Equipment | Chapter 4. Miscellaneous Drives

     A 35% speed reduction from design rpm covers
the capacity range of a centrifugal refrigeration
machine. A smaller reduction is no particular
advantage. Maximum speed of the turbine must not
exceed the compressor nominal speed by more than
15%
GAS TURBINE DRIVE
APPLICATION
     A gas turbine drive may be used to power a
centrifugal refrigeration machine, and/or the exhaust
from the gas turbine can be used to make steam in a
waste heat boiler to operate an absorption machine or a
steam-driven centrifugal machine.
     Gas turbines are usually available in the large
horsepower sizes used by centrifugal refrigeration
equipment rather than the smaller sizes required by
reciprocating equipment.
DESCRIPTION
     The gas turbine cycle (Fig. 73) consists of a
compressor section where ambient air is compressed
to approximately 60 psia at about 350 F. This com-
pressed air passes into the combustion chamber where
it is heated to 1350-1500 F by burning fuel directly in
the air stream. From the combustion section the air and
combustion products flow into the expansion turbine
section where they expand to atmospheric pressure.
The energy extracted from the gas stream in the
expansion process is used to drive the compressor and
produce the power for the output shaft.
     A split-shaft arrangement is usually used for
refrigeration compressor drives. This arrangement
divides the expansion turbine into two sections. The first
section or high pressure turbine expands the gas to an
intermediate pressure and drives the air compressor;
the second section or low pressure turbine drives the
power output shaft.

FIG. 74 – GAS ENGINE DRIVEN RECIPROCATING
WATER CHILLER

STARTING
     The gas turbine may be started by an electric
motor, air turbine, steam turbine or gasoline engine
depending on the means available. The starter is
normally disconnected after the turbine is operating.
AIR INTAKE
     Provision must be made to supply combustion air
to the gas turbine: This amount approximates 15
cfm/bhp. The air should be filtered before entering the
compressor.
LUBRICATION
     Lubrication is generally supplied by a pump driven
from the main drive shaft during normal running. During
startup or shutdown lubrication is supplied by a motor-
driven auxiliary pump.
GOVERNOR
     A hydraulic governor is usually used to position the
fuel control valve to maintain speed as the load
changes.
SAFETY CONTROLS
     Safety controls are provided to shut down the unit
for the following causes:

1. Low oil pressure
2. Overspeeding of the unit
3. Low fuel pressure
4. High bearing temperature
5. Loss of flame

FIG. 73 – SPLIT-SHAFT GAS TURBINE CYCLE
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GAS ENGINE DRIVE
APPLICATION
     A gas engine drive may be used when gas is avail-
able at a cost which provides a saving in owning and
operating costs. Gas engines are used to provide power
to drive reciprocating (Fig. 74) or centrifugal refrigeration
machines (Fig. 7) and may also indirectly supply steam to
operate an absorption refrigeration machine by using the
heat rejected from the engine cooling system and
exhaust system.
STANDARDS AND CODES
     Gas engines should be installed to conform to all
codes, standards and regulations concerning internal
combustion engines.
SELECTION
     Gas engines used for driving refrigeration equipment
should be selected for continuous duty service. This
means that the unit should be selected to operate at 80%
of the maximum corrected horsepower.  Thus, if a
compressor requires 100 bhp, the gas engine is selected

for 100/.80 or 125 maximum rate horsepower. The
reduced output and lower speeds are a major conside-
ration in attaining a longer engine life.
ATMOSPHERIC CORRECTIONS
     The maximum rated horsepower of a gas engine is
given for an air temperature of 60 F and an air pressure of
29.92 in. Hg (sea level average).
     Deduct 1% from the maximum rated horsepower for
every 10 degree increase in ambient temperature above
60 F. For every 1000 feet in elevation above sea level,
deduct 3% from the maximum rated horsepower.
HEAT REJECTION
     The heat rejection of a gas engine to the water jacket
circuit is approximately 50-60 Btu/hp/min. This represents
about 30% of the input to the engine. Another 30% of the
input is given up to the exhaust system, and about 10% is
given up as radiation losses.
COOLING SYSTEMS
     Any type of cooling system must meet the following

FIG. 75 – GAS ENGINE DRIVEN CENTRIFUGAL REFRIGERATION MACHINE
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FIG. 76 – FAN AND RADIATOR COOLING

requirements for satisfactory engine operation:
1. Ample flow of water.
2. Minimum temperature differential between inlet

and outlet.
3. Jacket temperature high enough to prevent

condensation inside the case.
4. Jacket temperature low enough to prevent steam

formation.
5. Soft water to prevent scale formation.
6. Clean water to prevent clogging of the engine

jacket passages.
7. Positive pressure on the entire system to prevent

entry of air.
Fan and Radiator
     This system depends on cooling the engine jacket
water by an engine-driven fan creating a flow of air over a
finned tube radiator to dissipate the heat to the
atmosphere (Fig. 76).
     The advantage of this system is that it is self-
contained, and does not depend on external water
sources.
     Ductwork must be provided for discharge of the hot
air and openings provided for the entry of cool air. An
extra 10-30 hp must be supplied by the engine to power
the fan. The jacket water is pumped to the radiator by a
pump driven by the engine.
Shell-and-Tube Heat Exchanger
     This system uses a heat exchanger to cool the jacket
water with a separate water source which may be wasted
or cooled in a cooling tower (Fig. 77). When the engine is
applied to a refrigeration machine, the same water used
for condensing the refrigerant can be used to cool the
jacket water. The condenser and heat exchanger are
generally connected in parallel.

FIG. 77 – SHELL-AND-TUBE COOLING

The water temperature range for jacket cooling is
recommended to be 10 to 12 degrees with an inlet
temperature of approximately 180 F.
    Another method of jacket cooling is called ebullition
cooling which is actually a boiling of the jacket water (Fig.
78). The jacket is kept completely filled with water which
circulates because of differences in temperature. The
jacket water temperatures are in the boiling range. The
concept of this cooling is that a large amount of heat can
be picked up at the surface of the metal without
increasing the engine temperature because 970 Btu are
required to evaporate one pound of water at 14.7 psia.
The engine heat is removed in the form of steam which is
passed   into a separator where the water is removed and
any entrained solids are allowed to settle. The steam

FIG. 78 – EBULLIENT COOLING SYSTEMS
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FIG. 79 – SCHEMATIC OF CENTRIFUGAL GOVERNOR

passes on to a steam condenser or some other
equipment. The condensate then returns to the separator
and the engine.
AIR INTAKE SYSTEM
     The gas engine requires two to five cubic feet of air
per minute per horsepower for combustion. This is
important because this amount of air may upset the
heating and ventilation calculations of an air conditioned
building. An intake should be located to provide the
cleanest air possible with the least contaminants,
especially flammable vapors, tank vents, or other
explosive wastes because the natural induction of this
material may cause a runaway engine.
EXHAUST SYSTEM
     Provision must be made to dispose of the exhaust
gases from the engine with a minimum of restriction or
back pressure. Excessive back pressure causes a loss of
power, poor fuel economy, excessive valve temperatures
and jacket water overheating. The exhaust pipes should
be independently supported to prevent strains on the
engine manifolds. Exhaust pipes can get red hot when
the unit is heavily loaded; thus expansion must be
provided as well as provision for disposing of the radiant
heat given off by the exhaust pipe. One method of
removing the heat is to install sheet metal ductwork
around the pipe with an inch or two of space between

FIG. 80 – SCHEMATIC OF HYDRAULIC GOVERNOR

them to create a chimney effect. Sometimes water-cooled
exhaust piping is used for this purpose.
     Attention should also be given to adequate silencing
of the engine to prevent objectionable noise.
GOVERNOR
     Governors are used for adjusting the power output of
the unit to match the load and to maintain the speed. The
governor measures the engine speed and provides
power to move the throttle. The two main types are
centrifugal governors (Fig. 79) and hydraulic governors
(Fig. 80).

DIESEL ENGINE DRIVE
     This drive is similar to the gas engine drive; the
difference is the fuel used. SThe compression ratio of a
diesel engine is greater than that of a gas engine; the
engine may be either a four cycle or a two cycle.
     Selection, type of cooling systems, exhaust systems,
governors, etc., are identical to the gas engine drive.
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INDEX

SYSTEM   DESIGN  MANUAL

SUMMARY OF PART NINE

This part of the System Design Manual presents guides
for  selecting the air conditioning system used with specific appli-
cations.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

systems and applications         1
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CHAPTER 1.  SYSTEMS AND APPLICATIONS

     This text introduces the engineer to the preliminary
considerations and project aspects for determining the
selection of an air conditioning system.  The part
sketches the systems available and compares their
performance and applicability to various spaces and
buildings.  It also indicates the particular problems of
selected applications, stressing the important functions of
air conditioning.  It presents a broad review only; details
of various systems and their design are presented in
other parts of this manual.
SCOPE AND INTENT
     Selection of the correct air conditioning system for a
particular space or building is a very critical decision
facing the design engineer.  On this decision rests the
satisfaction of the customer and occupant and the system
fitness to the building it serves.  Many factors must be
analyzed, judged, screened and coordinated.  The
desires of the investor and the economic aspects are the
foremost considerations.
CUSTOMER AND OBJECTIVE
     There is a big gap between a customer who thinks in
terms of simple relief cooling in a room or small
establishment and the one who builds a monumental
building representing the epitome of an integrated
concept of a structure and the environment within,
whether architectural, acoustical or air conditioning.
     Complete air conditioning provides an environment of
correct temperature, humidity, air movement, air
cleanliness, ventilation and acoustical level.  Anything
less is a compromise and is not termed air conditioning.
Therefore the particular system involved should be
identified with the function which the system design is to
accomplish, whether heating, cooling, humidity control or
complete year-round air conditioning.
     There must be complete fusion of system and building
to lead to a natural and normal behavior as a whole in
disposing of the heat gains or offsetting the heat losses.
ECONOMICS
     These considerations affect the type of equipment and
the whole system that is offered to the prospective owner.
The economic factors are foremost.  They originate from
the owner’s desire and capacity to invest in an installation
that is intended to provide either a minimal or a maximum
benefit.  It must be determined whether the project is an
investment for a quick write-off, a resale or a long term

investment.  The investor may seek either the lowest first
cost, the lowest first cost in balance with the economical
owning and operating costs, or strictly the lowest owning
and operating costs.  Above all the investor is interested
in a profitable return on his investment.
PROBLEM
     To realize a substantial advantage from an operation
of air conditioning in a space or a complete building, the
design engineer must consider fundamental situations.
He must first define the problem.  He must be able to
anticipate the behavior of the contemplated air
conditioning system.  For given conditions of external
environment and internal load, the system must integrate
with the space or the building which it is to serve.  The
system must satisfy the maximum instantaneous or actual
thermal load* and be operable at any partial load
conditions.

The fundamental diagnosis should consider:
1. Investor’s financial capacity and the investment

objective.
2. Space or building

a.  Purpose
b.  Location
c.  Orientation and shape

3. Coincidental occurrence in external environment
of
a.  Temperature
b.  Humidity
c.  Wind
d.  Exposure to sun or other heat exchanges
e.  Shade

4. Diversity of internal load
a.  Occupancy
b.  Lighting
c.  Other heat exchanges

5. Capability for storage of heat gains
6. Necessity and capacity for precooling
7. Physical aspects of space or building to

accommodate
a.  Equipment
b.  System
c.  Balanced operation at partial load

8. Customer’s concept of environment desired
*Thruout this discussion load shall mean the thermal load of
heat gain or loss to or from a building and its content.
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INTEGRATION
     Each space or building presents an individual problem
to resolve.  There is no universal solution to a system
selection even after it is defined, the physical
circumstances evaluated, and the actual load of heating
and cooling requirements established.  The design
engineer must have an appreciation of the structure, its
thermal capacity behavior, and the response accorded it
by the contemplated system.  He must understand the
interaction of space or building with external and internal
thermal loads and the cancellation of these loads by the
system.  There should be a full realization that the
equipment installed, the control of the air conditioning
system, and the building are irrevocably integrated into
one whole.  To be successful these elements must be
coordinated to operate as an entity.
     The discussion that follows is a resume of factors that
constitute the preliminary qualifications of a project.  it
offers a guide to the selection of a system best suited to a
given circumstance surrounding an application.  All types
of systems are reviewed briefly, from a self-contained
room unit to an elaborate central station system.
     The range of systems applications for human comfort
is covered from a residence to a high rise apartment
building, from the smallest commercial application to a
skyscraper or a factory.
SPACE AND BUILDING
OCCUPANCIES
     The wide range of spaces and buildings for
application of air conditioning for human comfort may be
divided into two fields, single-purpose and multipurpose
occupancies.
Single–Purpose Occupancies
     Single-purpose occupancies involve either an
individual or a multitude of individuals gathered for a
common purpose of work, prayer, relaxation or
amusement.  The predominant characteristic is the
presence of a single environmental control zone.
Examples include a room, residence, or large open area
with or without low partitions.

The large area may be an office space, restaurant,
beauty salon, etc., at times set in an individual small
building.  The larger structure may be a church, theater,
auditorium or pavilion.  The common feature is a building
with one or more large open spaces as a major area to be
air conditioned.
Multi-Purpose Occupancies
     Multi-purpose occupancies involve a multitude of

people gathered for various purposes in one or more
multi-room, multi-story buildings.  These buildings may
serve a single purpose:  a sale of goods, department
store; book lending or collection, a library; a collection of
articles of special interest, museum; research, laboratory;
learning, school; manufacturing, factory; etc.  Generally
the multi-room, multi-story buildings may be office
buildings, hotels, apartment buildings or hospitals.  To the
multi-purpose occupancies also belong building
compounds of apartment houses, schools, colleges,
medical and shopping centers, and factories.
     The major characteristic of these occupancies is a
multiplicity of environmental control zones served by a
single or multiple, preferably central, air conditioning
system.  With increases in size and number of central
station units in a single system, sources of refrigeration
and heating are consolidated into one or more large
refrigeration and boiler plants.
THERMAL LOAD
     When an engineer is faced with an existing space or
building, little can be done to alter these structures to aid
either the reduction of the air conditioning load or system
accommodation unless a major alteration is embarked
upon.  Definite limiting circumstances may exist.
     On the other hand a new building provides freedom
and challenge to the architect-engineer team.  They may
devise a structure that is architecturally and acoustically
acceptable and pleasing, at the same time one that
incorporates all possible forethought to minimize the air
conditioning load.  Proper orientation in regard to
exposures and analysis of shading (external or internal) is
essential. *Space is required for air conditioning
equipment and for transmission and distribution of
heating-cooling effects.
Building Shell and Outdoors
     A building or a space is a thermal container, an
enclosure.  Within it an air conditioning environment for
human comfort is to be maintained, regardless of
seasons and outdoor climatic conditions.  The
considerations involving the construction of a building
shell are:  thin panel vs massive wall and partial vs total
glazing.  Other considerations are: glass and wall
shading, orientation of the building (simple or complex
architecture), height and shape, predominance of
peripheral or internal areas, and single zone vs multi-zone
application.
*Sun gain thru 150 sq ft of unshaded west glass requires
approximately one ton of cooling capacity as against only one tenth
of a ton required for the glass with north exposure.
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     These considerations are pertinent to evaluating the
external influences on the air conditioning load of
simultaneous occurrence of temperature, humidity, wind
and solar conditions.  These constitute the outdoor
design conditions.
Internal Elements
     The selection of the inside design condition for space
or building establishes the thermal head against which
the air conditioning system will operate at any load
condition.  The internal load behavior is determined by
the diversity factor that can be applied to the population,
lights and any heat-pro-ducing or extracting equipment or
situation.  The smaller the space, the less the diversity; an
air conditioning cycle applied to an individual space
takes full account of instantaneous load.  However, with
an increase in the size of a project, the requirements for
refrigeration capacity grow.  A larger diversity factor may
be applied.  In most cases the possibility of application of
either the heat storage principle or precooling effect
should be considered in order to reduce the cooling-
heating load (approach the actual load) or reduce the
size of equipment.
     Part 1 contains information on the evaluation of an air
conditioning load.  It must be re-emphasized that an
estimate of the actual cooling-heating load is the most
fundamental step before selecting an air conditioning
system and equipment.  This must be preceded by a
thorough survey.
Partial Load
     A necessary corollary to the evaluation of actual load

is an appraisal of load behavior at partial conditions:
possible variations in the internal load; effect of change in
external weather elements; reaction of the thermal
enclosure and barrier, the structure.  The shell’s thermal
capacity and physical porosity may have great influence
on the amplitude of the peaks and valleys in the daily
load curves.  The system picked for the particular
situation must have certain flexibility.  Thus the load, the
enclosure and the air conditioning equipment in a
complete system (total complex) regulates the space
environment.
SPACE FOR EQUIPMENT AND SYSTEM
     The air conditioning equipment and system auxiliaries
require space.  The industry is continually devising
means and methods to reduce the size of the equipment,
the elements of the total system, and their costs, yet
produce the same total capacities of cooling and heating
at a reasonable investment.  Until some radically new
approach is discovered, the present means to provide
comfort require space.
Self-Contained Units
     The extent of space requirements may be small
enough to take care of a room unit or a self-contained
apparatus within the air conditioned area.  Both are types
of miniaturized central station plants of small capacity.
Such packages contain all the elements to provide
complete air conditioning in one enclosure, yet
convenient to handle as a unit.  The spaces required
affect directly the conditioned area; however there may
be cases where the units are installed external to the
conditioned space.

FIG. 1-AIR CONDITIONING PLANT
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Central Stations
     For a large central station system space has to be
provided for conditioning, heating and refrigeration
machinery.  The cooling-heating media requires space to
be transmitted to the conditioning apparatus and then to
the areas to be conditioned.  There are terminals within
the conditioned areas for the final delivery of the cooling-
heating effects.
     Thus there is a conditioned air path from the out-door
air intake thru the apparatus, thru ducts to terminals within
the conditioned area; there are refrigeration and boiler
plants and interconnecting piping to air handling
apparatus and in some systems to terminals (Fig. 1).
Except for within-the-room terminals the system space
required is external to conditioned areas.  At times areas
that can be utilized more profitably may have to be
surrendered for use by some elements of the system.
BASIS FOR DESIGN
     The design engineer must make a correct appraisal of
the building or space to be conditioned.  He must define
the problem.  He must evaluate the characteristics of the
space or building, the climatic environment and the
internal heat gains or losses.  The evaluation of maximum
actual load, its behavior at partial conditions, and the
thermal capacity of the enclosing structure are the
elements and the foundation to guide the selection of the
proper air conditioning system.
QUALIFYING SYSTEM SELECTION
ECONOMICS
     Having pointed out the physical aspects and
requirements of air conditioning of space and building, a
review of the intangible aspects is necessary.  These are
the customer’s concepts of (1) financial involvement and
realization of income gain, (2) achievement of the
environment of temperature, humidity, air cleanliness, air
motion and quietness, (3) realization of flexibility of
controls, and (4) insight into limitations of the structure.
By clarification of these aspects proper judgment and
mutual appreciation between the customer and architect-
engineer team is accomplished.
Buyer
     The air conditioning market is vast and very
competitive.  The ultimate user-buyer may be a shrewd
investor looking for a quick turnover of capital or a
customer who is satisfying a need to neutralize
competition that surrounds him, or an owner creating the
utmost in monumental progressive design and
application.

     There are three factors in the economics of system
selection: (1) first cost, (2) operating and maintenance
costs, and (3) return on an investment.  The buyer may be
looking for either extreme, the lowest first cost or the
lowest operating cost.  He may rely on the design
engineer to arrive at a balanced proposal.  He may desire
a monument irrespective of any costs.  The design
engineer must weigh not only the engineering
considerations but the customer’s financial attitude and
desire for return on the investment.
Investment
     One aspect in the economics of selection of an air
conditioning system is the actual longevity of equipment
and auxiliary components, that is, the write-off life span
permitted by the government for depreciation for tax
purposes.  The net effect is apparent in the analysis of
owning and operating costs.
Owning Costs
     The owning elements of costs is influenced by the
price of the equipment, materials labor and services for
an installation.  These components must be weighed
carefully in arriving at a selection of a system.  With an
existing building there is an additional element, the
interference with regular business.
Operating Expense
     Operating costs are influenced by the consumption of
energy, whether electrical, steam, gas or other; this is the
bulk of operating costs.  There is also the item of
maintenance consisting of the operating personnel and
upkeep of equipment together with supplies of oil, filters
and other materials.  The equipment working condition is
its condition approaching that of the original installation
except for the normal duty wear.
     The otherwise rentable space given up to
accommodate the air conditioning system is also an
element in operating costs.

Return on Investment
     In the final analysis the rent or any income producing
increment is of major interest to the investor.  Investment
analysis is a gauge for determining whether or not money
spent on a proposed project will be wisely invested.  It
can be used to establish the merits of air conditioning as
a sound investment compared with money invested in
any other manner.
     Investment analysis is the owning and operating cost
analysis to determine on a unit basis the incremental cost
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due to the addition of air conditioning.  To the prospective
owner this cost is an added cost per square foot, per
room, per apartment unit, per hospital bed, or per factory
worker.  This added cost is compared to the expected
incremental income.  Such a tally determines whether an
investment in this or another system is profitable, and
which system is more profitable than another.
Budget Analysis
    During the preliminary budget stages approximations

based on experienced judgment should be made to
determine the thermal load and the cost of various
systems.  This procedure provides the basis and affects
the results of the qualifying investment analysis.  That air
conditioning can offer attractive investment potential is
easily established by a budget analysis.  Since
investment return varies with each system and with the
length of elapsed time before the owner plans to liquidate
the investment, two or more analyses must be made to
determine which of several applicable systems is the best
investment.
ENVIRONMENT
Temperature and Humidity
     The foremost prerequisite of comfort air conditioning is
temperature control and the regulation of humidity is of
secondary importance.  All systems have the facility of
controlling the comfort range of temperature.  The human
tolerance of humidity variation is considerable.
Air Cleanliness
     There are considerable variations in air cleaning
requirements; they depend on the location of the
particular project, the fastidiousness of the customer, and
the costs of cleaning.  The latter include the initial
investment and maintenance costs.  Odor and bacteria
control may also be required; at times this is an absolute
necessity.  Air must be clean.
Air Movement
     With any air conditioning application a system may
have the required cooling-heating and cleaning capacity
but, if the air is not properly distributed and not in
effective motion, all the requisites of proper air
conditioning are not fulfilled.  Air movement depends on
the amount of air in circulation and direction of air
delivery; both are determined by the type of air
distribution employed.  Air movement definitely assists in
the sensation and appreciation of comfort.

Acoustics
     Part of the work produced by equipment and cooling-
heating media in motion is always converted into sound
energy.  When reaching the conditioned areas, this
energy may be a welcome masking which contributes a
desirable amount of ambient noise, to make the space
“quieter” by making it noisier.  On the other hand it may
be objectionable and annoying.  The designer must
evaluate the location of the equipment and system
elements in relation to surrounding occupancies, the
mass of the structure, the air conditioned space, and the
location of the building (busy city or peaceful country).
Then the designer must establish the desired sound level
within the air conditioned space relative to the terminal or
terminals in that space and the type of occupancy.  This
is part of the total comfort environment.
     The achievement of this objective involves the
cooperation of the customer and architect-engineer team.
Proper design must be applied to the building, the
distribution of spaces that are critical sound-wise, and to
the location and soundproofing of various machinery and
system elements.  The team must be concerned with the
evaluation of sound level within air conditioned spaces.
CONTROL REQUIREMENTS
     Choice of an air conditioning equipment and system
depends on the character, nature and behavior of the
cooling-heating load under partial conditions.
Nature of Thermal Load
     It is necessary to determine whether the load is mostly
sensible or latent, highly concentrated or light, uniformly
distributed or variable in a regular or haphazard pattern.
All these factors are involved in a decision, one zone or a
multi-zone system.  These considerations are necessary
for selecting an air conditioning system and its control
which maintains the desired conditions under partial load.
This means achievement of controlled conditions under
broad or exacting requirements.
EXISTING VS. NEW STRUCTURES
     There is a distinct difference between systems
available for existing or new buildings.  In existing
enclosures or structures heating and at times ventilation
is already supplied.  Therefore the additional system is for
cooling only, adapting and integrating the existing
heating-ventilation into a year-round cycle.  The air
conditioning systems to be selected are limited to those
operable from overhead and sometimes to systems that
can be applied on an individual space-to-space or floor-
to-floor progressive basis.
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     In new structures or in those where the existing
heating systems are discarded, the exterior areas may be
treated by complete year-round systems.  In exterior
areas there are air conditioning systems specifically
designed for highly variable peripheral thermal loads,
systems that have many different arrangements.  For
interior areas, depending on the type of arrangement,
their use and thermal loads, there are also available a
wide variety of systems.
     Having determined the economic aspects of the
project, that is, the profit realization by an investor, the
extent of the requirements of environmental conditions,
and their control, the engineer is ready to select the
system.
SYSTEMS
     A review of the fundamental evolvement of a variety of
systems is presented here.
OBJECTIVE
     The objective of an air conditioning system is to
provide a comfortable environment for an occupant or
occupants of a residential, public, medical, factory or
office building.  It may be for a number of transient
occupants in a commercial establishment such as a
store, a bowling alley, a beauty salon, a restaurant or
others.  It may be for an assembly of occupants gathered
in a large space such as a church, theater, auditorium,
pavilion, or a factory loft or floor.
     The comfort environment is the result of simultaneous
control of temperature, humidity, cleanliness and air
distribution within the occupant’s vicinity that includes the
proper acoustic level.
     The final media used to achieve a comfortable
environment are air and surfaces surrounding the
occupant.  Both the air and surfaces of the enclosure are
sinks for the metabolic heat evolved by the occupant (Fig.
2).
     Air circulates around the occupant and the surfaces.
The occupant also has radiant heat exchange with the
surrounding surfaces.  Air is brought into motion within a
given space either thermally or by force.
     Thermal air motion usually occurs over heating
convectors within the space or along heating-cooling
panels applied to surfaces enclosing the space.
     The forced air motion is affected by air delivered thru a
diffuser outlet installed in the proper location on a wall,
ceiling or at a mixing terminal.  Air is brought to the
diffusers thru ducts from an apparatus where it is cleaned
and passed over heat exchangers within which circulate
the primary heating or cooling media.  Some induction

terminals within the room have secondary coils that
provide supplemental heating or cooling.  Examples of
primary and secondary cooling media are a direct
expansion refrigerant, chilled water or brine.  The heating
media are usually steam, hot water, gas or electricity.
     The temperature of the surfaces surrounding the
occupant are subject to temperatures prevalent within
and outside the structure.  The surface temperature may
be regulated by thermal panels applied to the ceiling,
floor or walls.  The secondary media circulated thru these
panels is usually either hot or cold water.
     To supply and circulate the media, there are available
boiler and refrigeration plants complete with necessary
auxiliaries and interconnecting piping.

FIG. 2-HEAT DISSIPATION

SYSTEM COMPONENTS
     The essential elements of an air conditioning system
are illustrated in Figure 1.
     The basic elements, optional components and their
functions are listed in Table 1.

TYPES OF SYSTEMS
     Air conditioning systems are generally divided into
four basic types determined by the methods thru which
the final within-the-space cooling and heating are
attained.  The air surrounding the occupant is the end
medium which is conditioned; in some systems most of
the themal effect is radiant.
     The basic types are:

Direct expansion (Part 12)
All-water (Part 12)
All-air (Part 10)
Air-water (Part 11)
Heat pump
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TABLE 1-SYSTEM COMPONENTS

SYSTEM COMPONENTS FUNCTIONS PERFORMED
Air Side
1. Outdoor Air Intake Path for outdoor air used for ven-

(screen, louvers, dampers)    tilation and marginal weather
   cooling

2. Preheater Preheats air
3. Return Air Intake Path for return and/or recirculated

(dampers)    air to apparatus
4. Filter Removing contaminants from air
5. Dehumidifier (direct spray Cooling and dehumidifying (air

washer or cooling coils;    washing with sprays)
DX, water, brine, with or
without sprays)

6. Heating Coil Heating in winter and reheat for
   temperature and/or humidity
   control

7. Humidifier Humidifying
8. Fan Air propulsion
9. Duct System Path for air transmission
10. Air Outlet Air distribution within air condi-

   tioned space
11. Air Terminal (with outlet) Enclosure for air handing; may

   be equipped with air mixing
   chamber, heating coil, heating
   and/or cooling coil, acoustic
   treatment, and outlet

Refrigerant Side
12. Refrigeration machine Means for cooling

(compressor, condenser,
cooler and refrigerant
piping)

Water Side
13. Pump Water or brine propulsion
14. Water or Brine Piping Path for transmission of water or

   brine between heat exchangers
15. Cooling Tower Heat disposal from water used in

   condensing refrigerant
Heating Side
16. Boiler and Auxiliaries Provides steam or hot water
17. Piping Path for transmission of steam or

   hot water
A self-contained compact unit located within or next to
the air conditioned space and consisting of the minimum
elements essential to producing the cooling effect is a
direct refrigerant or direct expansion (DX) system (Fig.
3).  Heating may be either included with the unit or
separate.

FIG. 3-DX SYSTEM

     A cooling medium (chilled water or brine instead of
direct refrigerant) may be supplied from a remote source
and circulated thru coils of an air terminal unit within the
conditioned space; the cooling medium is warm in winter
to provide heating.  A system of these terminal units is
called an all-water system (Fig. 4).

FIG. 4-ALL-WATER SYSTEM

     Both the air treating and refrigeration plants may be
located some distance from the conditioned space in a
central station apparatus arrangement.  Only the final
cooling-heating medium (air) is brought into the
conditioned space thru ducts and distributed within the
space thru outlets or mixing terminal-outlets.  Such a
system is termed an all-air system (Fig. 5).

FIG. 5-ALL-AIR SYSTEM

     The air apparatus and refrigeration plant are separate
from the conditioned space; the cooling-heating of the
conditioned space is affected in only a small part by air
brought from the central apparatus.  The major part of
room thermal load is balanced by warm or cooled water
circulated either thru a coil in an induction unit or thru a
radiant panel.  Such systems are termed air-water
systems (Fig. 6).
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FIG. 6- - AIR WATER SYSTEM

     An adaptation of any of the systems to effect year-
round air conditioning utilizing system refrigeration as a
heat generating plant is a heat pump system (Fig. 7).

FIG. 7-HEAT PUMP SYSTEM

SYSTMES AND APPLICATIONS
     This section discusses the specific components and
characteristics of each system and variations within each
system; it also indicates the major areas where these
systems are applicable.
DIRECT EXPANSION SYSTEMS (Part 12)
     A small direct expansion refrigerant self-contained
room cooling unit is the simplest summer air conditioning
system (Fig. 8).  In one casing there are included the
basic elements 1, 3, 4, 8, 10 and 12 (Table 1).  With the
addition of element 6 or adapting the unit to a heat pump
arrangement, this self-contained unit is converted into a
year-round system.  A large capacity self-contained
assembly may in addition incorporate elements 2 and 9 to
serve a larger space.  Control of the self-contained units

is usually the on-off control of refrigeration equipment with
step control in the larger sizes.  The fan operates
continuously in most cases.
     The self-contained units are applicable to individual
small or large rooms and segregated zones.  Such
spaces may be oriented to service an individual occupant
or a group of occupants.  These may exist in a private

FIG. 8- DX REFRIGERANT SYSTEMS

residence, office, commercial establishment or in a group
of offices in a single zone.
ALL-WATER SYSTEMS (Part 12)
     Maintaining the individual room air conditioning aspect
while verging into the central station system of
refrigeration is the all-water system of room fan-coil units
(Fig. 9).  Each unit within the system contains elements 1,
3, 4, 5, 8 and 10 (Table 1).  Outdoor air is introduced thru
the wall to each unit.  The individual room self-contained
refrigeration assemblies (element 12) are combined into
one or more large capacity remote central source water
chilling refrigeration plants with the addition of elements
13, 14 and 15.  Room temperature is normally controlled
by regulating a water valve at the coil within the room fan-
coil unit.
     The fan-coil unit all-water system with a central
refrigeration and heating source can be converted to an
air-water system by centralizing the primary air ventilation
supply.  This eliminates the individual unit thru-the-wall air
intakes.  They are combined into a central station air
supply system.  Air is delivered either to the fan-coil units
or directly to the room thru a corridor duct system and
separate outlets.  The central ventilation air apparatus
contains elements 1, 2 and 4 (6 and 7 optional).  A return
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air system is not generally used.  The ventilation air reheat
coil assists in heating during marginal weather.  During
the true summer and winter weather the space cooling
and heating respectively are provided by the fan-coil unit.

The room fan-coil unit systems are applicable in
smaller multi-room buildings such as motor-hotels, factory
office buildings and small medical centers.
     The air-water system alternate is particularly adaptable
where it is necessary to avoid undependable and
architecturally unsightly thru-the-wall outdoor air intakes,
but there is a need for defined and controlled ventilation
as in office or apartment buildings.

FIG. 9-ROOM FAN-COIL SYSTEMS

ALL-AIR SYSTEMS (Part 10)
     Central station systems are examples of all-air
systems.  They may include all the elements from Table 1.

The different systems are distinguished by their method
of controlling the air supplied to the space
Volume Control
     One way to compensate for a varying load is by
regulating the volume of a constant temperature air
supply (Fig. 10).  When using standard side wall grilles or
ceiling diffusers, the all-air variable volume system is
limited to applications where the load varies less than
20%.  Otherwise, if the air volume varies by more than
20%, the air motion within the space may be upset and
create a drafty condition.  But with an outlet that can
maintain the space air motion regardless of volume
reduction, volume control may be used more extensively.
Then the variable volume, constant temperature system
(Part 10) may be applied.
     In the all-air dual-conduit* system, there are two
streams of air.  One is constant temperature and varies in
volume to compensate for the fluctuating internal and sun
load.  The other is constant volume and varies in
temperature during marginal or winter weather to
compensate for the varying building transmission loss.
This is an all-air system which parallels the high pressure
air-water induction unit system discussed later in this text.
Bypass Control
     Another method to compensate for a varying load is
by reducing the amount of cooling air while maintaining
the full quantity of supply air by including neutral air
recirculated from the conditioned space.

FIG. 10-ALL-AIR VOLUME CONTROL SYSTEM
*A Carrier patented system.
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FIG. 11-ALL-AIR BYPASS SYSTEMS

This is the conventional face and bypass control system
(Fig. 11), a variety of the constant volume, variable
temperature systems (Part 10).  The multizone system
may be at times a bypass system.  The air bypass may
be remote from the conditioned space (at the central
apparatus or unit) or within the room terminal unit (in the
dual-duct system).
     A system in which a single central station apparatus
provides dehumidified air to a number of booster fans
located on separate floors of a building (Fig. 11) or in
separate zones is also classed as a bypass system.
     The booster fans pick up the cooled air and pass it on
mixed with recirculated (bypassed) air in needed
proportions to compensate for a varying load.  A fixed
bypass is often used as a method of arbitrarily increasing
the volume of supply air.
Reheat Control
     The varying load may be compensated for by adding
reheat either at the apparatus or within a terminal in the
conditioned space, as with a constant volume induction
system, or within overhead terminal-outlets (Fig. 12).  The
reheat at the apparatus may be supplied by a reheater
either in a zone duct, within a multi-zone unit, or in the
warm duct of a dual-duct system.
     The multi-zone blow-thru unit system (Fig. 13) is a
variation of the bypass and reheat system.  Parallel

FIG. 12-ALL-AIR REHEAT SYSTEMS

heating and cooling coils provide an operation in which
the cold air is mixed in needed proportions with
recirculated air passing thru heating coils; the
recirculated air is either unheated (bypass) or heated
(reheat).  The air mixtures proportioned by several pairs
of dampers (located within the unit) are transmitted thru
single ducts to individual zones.  Thermostats located in
these zones control the corresponding mixing dampers.

FIG. 13 – ALL-AIR MULTI-ZONE SYSTEM
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     The all-air dual-duct system (Fig. 14) supplies the
mixing terminal units with air from two ducts, air streams
at two temperature levels; one is cold, the other warm.
The mixing terminal unit proportions the cold and warm
air in response to a thermostat located in its respective
space or zone.
     The all-air systems ranging from the conventional
bypass system thru the induction terminal reheat unit or
zone reheat, multi-zone single duct, dual conduit and
dual-duct systems have wide applications.  These include
the field of small single occupancy, single purpose
building and multi-story buildings.
AIR-WATER SYSTEMS (Part 11)
     The air-water systems are practical for reducing the
floor areas occupied by the terminals, the cooling-heating
media transmission system and the central apparatus.
Most of the space load (internal and sun heat gains) is
balanced by a water coil included in the room terminal.
Small water pipes and small high velocity air conduits
replace the bulky air ducts of conventional all-air systems.
     The original air-water system is the high velocity high
pressure induction unit system (Fig. 15).  Primary air
reduced to 20-25% of the conventional all-air system
quantity serves to balance the building shell heat gains or
losses, to satisfy the ventilation requirements, and to
provide the humidity control and motive power to induce
room air across the secondary cooling-heating coil within
the terminal.  The secondary coil produces year-round
cooling or seasonal cooling and heating.  In the latter
case the primary air is cold year-round except during
marginal weather when it is reheated according to a set
schedule of temperatures.
     The induction unit system is specially adaptable to
load characteristics of the perimeter areas of multistory
multi-room buildings.  This system results in lower owning
and operating costs.
     A variant of the high velocity high pressure induction
unit system is the three-pipe induction unit system (Fig.
15).  Here the air stream (primary air) mentioned
previously is not related to the structure shell transmission
load; it is divorced from the heating of the building.  It
does provide the ventilation, humidity control and motive
power for secondary air across the terminal coil.  The
three-pipe induction unit system is a year-round system
that provides a simultaneous choice of either cooling or
heating as required.  One pipe supplies chilled water, the
second pipe warm water, and the third pipe serves as a
common return.

FIG. 14-ALL-AIR DUAL-DUCT SYSTEM

FIG. 15-AIR-WATER INDUCTION SYSTEMS

FIG. 16-AIR-WATER PANEL-AIR SYSTEM
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    The panel-air system (Fig. 16) is another variety of an
air-water system.  In this application the air quantity is
similarly kept to an amount sufficient for ventilation and
dehumidification requirements.  The ceiling and wall
panels have imbedded in or attached to them small pipe
circuits thru which chilled or heated water is circulated.
Panel-air systems may be applied with advantage to
areas that have considerable gain of radiant energy from
lights and sun.  The exterior areas must be zoned
separately from the interior since the latter usually
presents a year-round cooling load.
     System design and control arrangements are rather
sensitive but the results are worth the effort because of
more uniform ambient temperature conditions.  However
in areas of sharp load changes the inertia of the system
may lead to temperature swings.  It is claimed that the
occupant has no objections to these temperature
changes due to lower air motion.  The reduced air
quantity must be introduced into the space by means of
an outlet that provides adequate induction of room air.
     The air-water systems with high velocity, high pressure
induction units, panel-air arrangements, and the all-water
fan-coil unit system with centralized ventilation air ducted
to units may be classed as primary air systems.  The air
quantity supplied in each case is at least the minimum
ventilation requirement.  The secondary air is introduced
either by induction, unit fan or by thermal circulation in
addition to induction.
HEAT PUMPS
     A heat pump system is a refrigeration cycle which by
design and control moves heat in either direction.  Heat
pumps are natural solutions of year-round air conditioning
in buildings with a favorable balanced ratio of cooling-
heating load, particularly where the two load values are
almost equal.  Heat pump systems are economical
whenever the rates for electrical energy are
advantageous against the costs of fossil fuels.  It often
pays to consider the attractive features of the heat pump
system and analyze the over-all air conditioning project in
the light of this system.
     Any air conditioning system can be converted into a
heat pump.  It is a method of operation of the refrigeration
plant that transforms a given air conditioning system into
a self-contained year round system without the use of a
separate boiler plant.
     A heat pump system operation has the following
advantages:

1. Over-all first cost saving -  For many new buildings
a single system can be installed to serve both

cooling and heating.  The cost of a boiler plant and
auxiliary equipment including a smoke stack can
be saved.

2. Space saving-  Thru the elimination of boiler plant,
smoke stack, fuel storage, etc.

3. Nuisance elimination – Does away with ash
removal, smoke, soot and ash dust damage.

4. Single energy source – Electric power, simplifies
accounting and service problems.

5. Increased safety – Thru elimination of handling of
fossil fuels.

6. Fire insurance rate reduction – By elimination of fire
hazards.

     A refrigeration cycle can be applied to provide heating
only, with future conversion to complete year-round air
conditioning.
APPLICATIONS
     The descriptions of individual applications that follow
point out only the salient features that influence the air
conditioning load calculations and selection of the most
suitable system.  The text is oriented mainly to summer air
conditioning because many applications to existing
buildings revolve around addition of summer cooling to
the existing heating facility or its complete replacement
by a year-round system.  New buildings are assumed to
incorporate year-round air conditioning at the inception of
the project design.  However even new buildings may
include only the heating facility, with provision for future
addition of cooling.
     Any humanly conceived plan has room for
improvement.  The design engineer must apply his
ingenuity in view of the wide variety of applications and
idiosyncrasies within each application.  Various technical
publications contain articles and comprehensive texts on
design guides and solutions for various applications.
This text contains only the applications that have some
characteristic prevalent to them.  Other applications not
discussed here either bear some resemblance to one of
the described or are so individual that they have to be
resolved by a separate unbiased analytical approach.

SINGLE-PURPOSE OCCUPANCIES
     In this section are described system applications that
are unidirectional, to serve either a home for a single
human unit or a building serving an activity
accommodating a large group of people.  Thus one
common temperature  and humidity condition is to be
maintained within a given space.
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Residences
     The architecture of residences is extremely varied,
ranging from a standard repetitive package within large
developments to an individual design for fashionable
suburbia.  Whatever the design there is a multitude of
structural, orientation and shading devices by which the
air conditioning load may be reduced.  The complete
appreciation and coordination of the data concerning the
investor’s aims, building structure, living habits of the
occupant, and outdoor conditions should result in the
most economical selection of equipment and its operating
costs.  Most important is the satisfaction of the owner and
the occupant.
     Residences represent the greatest single block of
individual buildings.  Of all the markets and applications
of air conditioning, the residential market is the major one
and is highly competitive.  Special efforts are expended
in defining the problem of air conditioning a residence (a
24-hour operation).  At present there exists a unified
industry-accepted method of load evaluation.  Many
manufacturers produce heating-air conditioning-heat
pump equipment for residences.  Dependability and
ruggedness of equipment is their aim.  Self-contained
room units can be applied on an individual room basis in
conjunction with the existing heating systems.  Solar
energy heating and air conditioning of residences may be
considered.
Facilities for Dining and Wining
     This classification covers restaurants, cafeterias,
lunchrooms, lunchwagons, bars, cocktail lounges and
night clubs.  The outstanding characteristic of these
applications is that the air conditioning load experiences
sharp peaks at certain times of day and night.  These
peaks must be coordinated with the coincident outdoor
conditions to arrive at a true cooling load.  An absolute
prerequisite is good ventilation with proper control of
exhaust to neutralize odors of food and heavy smoking.
This ventilation requirement is not only for the comfort of
the occupant but also for preventing odor absorption by
the walls and furnishings.
     Another facet of load evaluation in this application is
concentration of sensible and latent heat in dancing and
entertainment areas.
     Restaurants range from large dining spaces separated
from kitchen and pantry areas to rooms adjoining the food
preparing areas or where the cooking and pantry area is
located in front of the service counters.  In the later case
extreme care should be taken in the exhaust-make-up
system.  Such a system should trap the heat gains and

 odors over the cooking area.  There must always be an
air movement away from the dining area.
     Dining areas should be under positive pressure.
Occasionally a certain amount of make-up air for kitchen
exhausts may come from the dining area ventilation
unless it is heavy with tobacco smoke.  Kitchen and
pantry areas should be under negative pressure.
Whether the kitchen is to be air conditioned or ventilated,
in either case all the heat and vapor producing
equipment must be carefully scrutinized.  The most
offensive equipment should be equipped with efficient
exhaust hoods to eliminate heat and moisture gains.
Kitchen and pantry odors present a dual problem.  The
odors retained by various utensils, boards and other
surfaces including the room itself may backfire by
rendering otherwise fresh foods undesirable and
unusable.
     The size of the particular food dispensing
establishment dictates the choice of an air conditioning
system.  The choice may also be directed by relation of
the establishment to the over-all building complex if this
happens to be either a tenant or an intrinsic part of the
building.  In some cases the same central station system
serving the total building may be operated on a partial
load basis during the weekend to serve only the
restaurant.  This can be done by recirculating at the
apparatus the conditioned air assigned to the rest of the
building.  The building requirements of conditioned air
are shut off while the restaurant continues to operate.
Variety and Specialty Shops
     In this classification are shops and stores.  These may
be dress, shoe, fur, drug, candy or variety stores.  The
latter include sophisticated “five and ten” stores,
supermarkets, or “country fair” type of small department
stores.  These are characterized by an 8-12 hour (at times
24 hour) operation cycle, varying population, high lighting
intensity, and a considerable stock of goods or
furnishings.
     These areas call for special treatment of heat gains or
losses and ventilation considerations: soda fountains;
lunch and food counters; luncheonettes; pet sales; photo,
candy, cigarette and food dispensers; open frozen food
displays; beauty salons with their heat and odor
producing equipment.  There may be storage areas for
candies, furs and other critical commodities that require
special temperature and humidity conditions.
     The stock and furnishings within a variety store can be
utilized in load reduction by taking advantage of
precooling effect.  Cooling stored in the mass of stock to
take care of peak loads helps to minimize the size of
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equipment.  With high ceiling structures advantage may
be taken of heat stratification using either natural venting
or forced exhaust.
     In most cases unitary self-contained equipment is
applicable, either floor-mounted, ceiling-suspended or
roof-mounted.  At times the individual or combined
projects may require either field-or factory –assembled
fan-coil central stations with extensive ductwork.  In
conjunction with the air units larger refrigeration plants
may be required, either direct expansion or water-chilling
packages.
Bowling Alleys
     The peculiar aspect of this application is that it is
similar to spot or man air conditioning.  Only the spaces
occupied by bowlers, spectators and food dispensing are
air conditioned.  The alleys in front of the foul lines and
the pin setting areas are not air conditioned.  Because of
high concentration of people (8 to 19 per alley) strenuous
exercise and heavy smoking, ventilation must be
generous and positive.  The exhaust should be fan
operated with the grilles located above the spectators
and bowlers, beyond the foul line above the alleys.  This
prevents the spreading of tobacco smoke haze over the
alleys.  The room air returns should be numerous and at a
distance from the food dispensing areas.  Grilles, coffee
urns and other equipment should be provided with
exhaust hoods.  The supply of conditioned air should be
engineered to achieve draftless distribution.  The
equipment applicable is usually of the self-contained
type; bypass and multi-zone units may also be used.
Radio and TV Studios
     Radio and television studios vary considerably in size,
occupying one or more floors of a building or a complete
building devoted entirely to a network.  Also there are
small or large studios devoted to rebroadcasting.  Large
studios (especially color TV) have tremendous and
variable loads of lights, cameras and equipment.
Therefore, it is necessary to take full account of the loads
and take all advantages to minimize these loads by
utilizing every possible method of circumvention.  The
resulting air conditioning equipment and system should
be economical and easy to control.  The controls must be
individual for each space, whether a studio, auditorium,
control room, office or reception area.  Electronic racks
must have clean ventilating air and a direct exhaust; air
necessary for this ventilation may come from surrounding
studios, control rooms and office spaces.
     Sound is an important element.  Vibration and
unwanted sound must be carefully controlled.

     Individual applications dictate the choice of air
conditioning system and equipment as long as the
temperature and ventilation are satisfied without creating
drafts or sound nuisance.  With small installations multi-
zone units are applicable.
Country Clubs
     These oversize residences are usually located in open
country, often on a hilltop completely open to climatic
elements.  The varying population is a problem, people
often remaining late at night.  The various activities and
manner of occupancy dictates a careful analysis of
individual room loads and overall refrigeration needs.
The spaces range from social lounges, dining areas,
cocktail lounges or bars to locker rooms and individual
guest rooms.  Some clubs have various recreational
areas devoted to ping-pong tables, billiards and bowling.
     This application suggests the use of any kind of
equipment from room air conditioners to central station
fan-coil assemblies serviced by water chilling
refrigeration within the range of factory-assembled
package equipment.
Funeral Homes
     The problem of a large occupancy load for a short
duration can be resolved economically by application of
various expedients to reduce the load.  The occupancy
may also vary in size.  The presence of flowers requires
larger ventilation to dilute the odor effusion.  A
preparation room should have a good exhaust without
any diffusion to the rest of the premises.  Equipment
selection is subject to the investor’s capacity, method of
operation and services provided.  Quietness, ventilation
ability and flexibility of control of capacity together with
pre-cooling are the main attributes in the selection of a
proper system.
Beauty Salons
     Heat and odor emitting equipment (hair dryers,
curlers, etc.) and compounds used are the special
aspects of this application.  An accurate evaluation of the
actual load and arrangement for positive ventilation and
exhaust are absolutely necessary.  Both large beauty
salons in individual buildings and small neighborhood
shops fall into this category.
     An additional problem exists in beauty salons located
within department stores, hotels or other buildings.  They
must have negative pressure to prevent the spread of
odors to adjoining areas.
     Air distribution should be carefully designed to avoid
drafts.  There is no need for spot cooling.
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Usually beauty salons present large areas with booths
that have low partitions.  There may be separate rooms
for beauty treatments and massages.  The air distribution
in large areas is usually accomplished with ceiling
diffusers, and the individual rooms are supplied by
separate outlets.
     The common single duct bypass or reheat system is
adequate.  Return air should incorporate an odor
absorber to relieve the system of the requirement of an
excessive outdoor air load.
Barber Shops
     Air distribution that does not aim at a customer’s neck
or flow down mirrors should be a prerequisite.  A proper
ventilation rate should be chosen.  Barber shops are often
part of a large building unit; therefore they can be
conditioned by the building system.  Otherwise unitary
self-contained equipment can satisfy the requirement.
Churches, Theaters and Auditoriums
     These applications have one common feature, large
population.  A congregation of people may consist of a
group quietly relaxed at prayer or an active crowd at a
political rally.  Judgment should be exercised in applying
proper factors to provide sufficient capacity for varying
latent and transmission heat gains.  The load in ordinary
cases may be standardized at 5 to 6 tons of refrigeration
per one hundred people.  However structures may vary
from a large room or space as a part of a large building to
cathedrals, opera and symphony halls, and large arenas.
Often the cooling and heating air distribution cycles must
be analyzed separately.
     The major factors to ascertain for summer cooling
loads are:

1. Pattern of patronage – One or many services in
church, time of services or continuous; matinee and
evening performances in theaters and auditoriums;
nature of various sport or public events in arenas;
coincidence of use of auditorium within a building
with the operation of the rest of the building.

2. Ventilation – Possibly reduced to 5 cfm per person.
Certain sport events and political rallies with heavy
smoking require more ventilation.

3. Stratification – Application to loads, particularly in
large structures.

4. Precooling – To reduce the size of air conditioning
equipment, particularly refrigeration.

5. Climatic effects – Careful analysis of outdoor and
solar design conditions coincident with peak
patronage.

6. Inside design conditions – 77 F db and

60 percent rh quite acceptable.
     The systems applicable to churches, theaters and
auditoriums range from self-contained equipment to large
field-assembled central station systems.  Either water or
ice refrigeration storage systems may be applied.  Many
of these structures may incorporate extensive auxiliary
services for business, social and residential purposes.
Use of these facilities should be an analyzed as to
coincidence of loads with the major auditorium load.  This
analysis may help in the overall economics of system and
equipment selection.
Dance and Roller Skating Pavilions
     A large active population characterizes these
applications.  The sensible heat factor is quite low;
therefore some sort of reheat must be added or more air
handled to absorb the excess moisture.  The active and
spectator population must be considered.  Inside design
conditions should be coordinated with air movement
around the active people.  With higher air distribution
velocities higher temperatures may be selected.  Most of
the factors pertaining to auditoriums are applicable.
However ventilation requirements must be raised due to
an excessive odor problem, 15-25 cfm per person
(reduced to 10-15 cfm if activated carbon is used on the
return air).  Coincidence of lighting effects and activity
must be analyzed.  In roller skating rinks the winter
heating requirements should be coordinated with the
radiant effect of cold walls and rood.  The cooling effect
of the enclosure is not objectionable to skaters but may
be unpleasant for spectators.
      Systems applicable to these structures are judged
primarily by the investor’s attitude.  Systems of self-
contained equipment or central station fan-coil
assemblies and refrigeration should be judged on a
purely economic basis.  The air distribution may be
designed around a limited number of air diffusers or with
extensive ductwork.

Factories
     A distinction should be made between factory human
comfort and industrial product air conditioning.  The
primary purpose of the former is comfort of the worker.  In
the latter case the ambient conditions of the product are
of foremost concern.  There are cases when the air
conditioning is used for the benefit of both the worker and
the product as in clean rooms or with precision products.
The economics is the deciding factor, to have the worker
efficient and satisfied resulting in a production of goods
with minimum rejects.
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     The optimum indoor design conditions of temperature,
humidity and air velocity are the keys to the efficiency of
the worker.  The indoor design conditions for nonfactory
comfort application is established at 76 F and 45-50%
relative humidity; this is the condition for efficient
performance of light activity.  Most factory workers can
perform at 80-85 F with dewpoints at 55-70 F and ambient
air velocities from 25-300 fpm.  In a few instances workers
may tolerate temperatures as high as 90 F.  It must be
remembered that it is the combined effect of temperature,
humidity and air velocity ambient to worker location that
influence the environment for factory worker efficiency.
The ambient air velocity is the velocity sweeping the
worker.  The relative humidities may range from 35-80%.
     If the design conditions and air movement for an entire
project prove to be uneconomical, consideration should
be given to individual cooling for a worker in a given spot
or limited area.
     In certain factories the mean radiant temperature may
be significantly higher than the desired design dry-bulb
temperature.  Consequently it may be necessary to lower
the design ambient air temperature and its dewpoint, at
the same time increasing the air movement.  If this
solution cannot be achieved economically, shielding of
the radiation should be considered.
     To achieve minimum costs a careful analysis must be
made of loads from lights, roof, walls, equipment,
processes and workers to arrive at the actual operating
load.  The influence of these loads may be reduced by
the application of diversity factors and principles of
stratification and flotation of heat gains (Part 1).  These
two principles are aided by radiant heat exchange,
natural tendency of heat to rise, exhausting of the warm
air and an economic balance between the outdoor air
taken thru the air conditioning equipment, the outdoor air
introduced for heat flotation, and the exhausted air.
     Spot or man cooling and standard compact single
duct all-air systems are appropriate for applications in
factory air conditioning.  For widely scattered spot cooling
stations it may prove more economical to convey chilled
or evaporatively-cooled water thruout the factory instead
of air.  In such cases an air handling unit can be used
directly as the supply air terminal or in conjunction with
short duct runs.
MULTI-PURROSE OCCUPANCIES
     Under this heading are described applications of air
conditioning systems that are practical for large multi-
room multi-story buildings or compounds of buildings.
These are designed primarily for a single function
common to all occupants, either work, residence,

medical, or teaching and learning.  Buildings are
occupied by multitudes of people heterogeneous in their
individual comfort desires; buildings vary in exposure to
sun, wind and shading.  This diversity requires dividing
building into individual air conditioned zones.  Zones
range in size from large areas to a small room.  Individual
desires and a variety of coincident load conditions within
a conglomerate of zones must be satisfied.
     Multi-room multi-story buildings include offices and
apartment buildings, hotels, motels, dormitories and
hospitals.  There are some basic problems common to all
of these:

1. Simultaneous occupancy on all sides of a building
with daily cycle of solar effects on east-south-west
exposures.

2. Preference for individual control of space
conditions under severe variations of load.

3. Necessity for sound and odor isolation of individual
spaces.

4. Limitation in available space to house air
conditioning equipment and pipes, conduits and
ducts.

     The following discussion outlines these basic
problems in various types of buildings.  It also points out
the specific aspects that affect preference of one system
or another.
Office Buildings
     Office buildings are mostly multi-tenant; at times they
may be occupied by a single tenant, a single
organization.  This aspect varies the approach to a
solution of the problems.  The multi-tenant building
requires more exacting applications.  Regardless of the
occupancy most existing and some new buildings have
the following basic areas to consider-the interior and the
peripheral exterior areas.  The interior areas are within the
center of a building not influenced by outdoor elements,
except the top story under a roof.  Areas around the
periphery of a building (exterior zone) may extend from
12 to 20 feet inward from the outside wall.  This zone is
exposed to sun, wind, outdoor temperature and shading
of the structural elements or neighboring buildings.  There
is an evident need for two different air conditioning
systems to handle the two areas marked by loads of
different behavior.
     An interior zone has a relatively constant load of lights
and people.  Therefore a single all-air system is the most
applicable.  However with complications of scattered
addition of electronic equipment and provisions to switch
off lights within a fully partitioned space, the system
grows more complex.  There may appear a need for
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either a terminal reheat, volume control, or dual-stream
all-air system.  Occasionally there may be an application
for a primary air-secondary water system, particularly if
the wattage is high.
     Exterior zones have extensively varying load
characteristics, from an extreme combination of sun gain
thru glass, maximum outdoor heat transmission, lights
and people to no load during marginal weather and to a
maximum negative transmission load in winter.  The
exterior zone is also subject to moving shadows of
building structural elements (overhangs, reveals, fins),
neighboring buildings and clouds.  These elements
together with the desires of occupants require a very
flexible air conditioning system.  It must be capable of
balancing loads which may change from cooling to
heating or vice versa on different exposures and even in
adjacent spaces on the same exposure.
     Added to this is the requirement peculiar to a south
exposure due to the fact that sun gain peaks in winter
months when the sun is at a low altitude.  Cooling may be
required while the rest of the zones are on heating.  The
south zone MUST be given special treatment in selecting
air conditioning terminals or even a separate system with
a winter source of cooling.
     Another peculiarity of a peripheral zone is the winter
behavior of the building shell; it produces downdrafts
along the outside walls.  The latter also act as sponges
for the radiant heat of occupants, making people quite
uncomfortable unless compensated for by a higher
ambient temperature.
     Two additional characteristics of office or any multi-
room, multi-story buildings are the fenestration and
general architecture.  These also influence the choice of
air conditioning systems.  The fenestration may vary from
25 to 75% of the outdoor wall area.  In some buildings
fenestration is eliminated.  The buildings may be squat,
may occupy large areas, and have a predominently
interior zone.  Buildings may be tall and narrow,
consisting of only peripheral zones.  Buildings with the
same total areas devoted to air conditioning, one squat
another tall, may have the refrigeration load vary only 5-
10%, but there can be a large deviation in air handing
equipment requirements.
     To meet the widely fluctuating conditions of the
exterior zones, the air conditioning system must have two
fluids available for conditioned spaces, one warm or hot
and one cold.  The dual-stream all-air systems and
primary air-secondary water systems can be applied to
the exterior zones; the all-air systems require more space
for apparatus and supply and return air ducts.  Where the
necessary space is available or can be sacrificed at the

cost of some other gain, the all-air systems are
appropriate.  These systems are excellent from a
ventilation point of view.  They provide economy in
refrigeration during marginal weather thru outdoor air
cooling.
     The primary air-secondary water systems are space
savers.  The primary air either takes care of the building
shell transmission losses, minimum ventilation,
dehumidification and provides motive power for the
induction units, or it provides motive power for the
induction units, or it provides ventilation and
dehumidification only, as with three-pipe induction unit,
panel-air or room fan-coil unit systems.  Water carries the
major burden of heat gain neutralization; space used by
pipes is much smaller since water is over 200 times more
efficient as a heat energy-carrying fluid than air.
     Although office buildings are occupied mainly for 8-10
hour periods with some offices busy into the evenings,
the air conditioning equipment should usually operate for
at least 16 hours.  During peak design conditions the air
conditioning system should operate for 24 hours.  This
contributes to a more economical selection of equipment.
     For some buildings the simplest and best system from
a performance standpoint is the single duct all-air
terminal reheat system.  All the cooling is done with the
supply air, and any variations in heat gain or loss are
satisfied by a hot water, steam or electric reheat coil
within the terminal unit.
     It is necessary to repeat here the original premise
expressed at the opening.  There must be an
appreciation of coincident elements of outdoor
conditions, the building shell behavior and the inside
conditions of load behavior.  The result can be the proper
solution of a given problem, subject to archited-engineer-
owner-investor team cooperation.
     There are some critical areas in each office building
and these must be given special attention.  Such spaces
are conference rooms, special occupancies such as
medical, laboratory, barber shops, beauty salons,
restaurants, etc., or a concentration of electronic
equipment or special rooms devoted solely to computer
services.  All of these are to be treated preferably as
separate spaces to attend to their individual requirements
of ventilation, odor and special thermal and sound
problems.  Keep equipment areas away from areas of
high calibre occupancy  and conference rooms since the
best techniques in vibration elimination and sound
attenuation may not completely satisfy the situation.
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Hotels, Apartment Buildings, Dormitories
     Much that has been said about office buildings and
systems used can be applied to these buildings.
However it must be observed that these buildings have
mostly exterior zones.  They are operated on a 24-hour
basis thruout the year.  Dormitories are an exception for
the present but in the not-too-distant future they may also
operate on a year-round basis.
     Hotel guest rooms have a transient population, absent
most of the day.  Coincidentally the lighting load is also
reduced.  Considering these facts the individual room
loads should be determined on the basis of exposure and
either for early morning or late afternoon occupancy.  The
total refrigeration load should be based on the maximum
load is either in the morning or in late afternoon with the
corresponding occupancy, lights and sun effect; with
predominant north-south exposures it is in the late
afternoon with the corresponding occupancies, lights and
sun effect.
     Quick responding room temperature control and
draftless, quiet air distribution are essential.  Independent
corridor ventilation is desirable.  The toilet exhaust should
approximate the room ventilation requirements.  There
should be independent systems for public spaces such
as lobbies, restaurants, cocktail lounges or any  services
that a hotel may offer.  All systems must be vibration- and
sound-isolated from occupied areas.  Practically any two-
media system may be applied that confines air circulation
to individual rooms.  However this does not exclude the
use of single-duct bypass systems in small hotels and
where the local regulations permit the use of corridors as
return air plenums.
     Closely related to hotel applications are the modern
multi-story motels that emerge from widely spread single-
two-story motels.  The application of various systems to
the multi-story motels is similar to that for hotels.  All-water
2- or 3-pipe room fan-coil systems or individual self-
contained room units are more applicable to the single-
two-story motels.  In the latter case sometimes the direct
use of outdoor air is excluded, relying instead on
infiltration (natural or caused by toilet exhaust) for odor
dilution.  The excess infiltration should be estimated as
part of the system load.  The all-water system should be
designed around a high temperature rise water
circulation.  Heat pump systems also are applicable.
     Apartment houses and buildings range from 2-3 story
garden type low-rise to high-rise multi-story complexes.
Apartments range from multi-room luxury class to 2-3-4
room size  to single room efficiency class.  The
occupancy of these apartments varies from fully filled
during the day to an occupancy much like that of hotels,

that is, occupied by professional people who are absent
during most of the day.  The occupancy diversity factor
may vary from 75-80% down to 4-50%.  The load
calculations must recognize a 24-hour operation.  In fact
the 24-hour residential load estimate approach is
applicable for arriving at the cooling-heating
requirements.
     Many systems may be applied to this application,
depending on the size and configuration of buildings and
the arrangement of apartments.  These systems include
individual self-contained units and heat pumps as well as
all-air and air-water central systems.  The investor and the
size and type of project are prime factors in the selection
of a particular system.  Large apartment buildings often
have auxiliary services such as restaurants, shops and
office space rentals; these spaces should be handled by
independent systems.
     Residential hotels and apartment houses may have
kitchen exhausts in addition to bathroom exhausts.  This
must be taken into account in balancing outdoor air
intake with exhaust.
     Modern dormitories are very similar to large size
apartments; daytime occupancy may be taken at 50%.
Building orientation and class schedules must be
considered.  There are no problems of kitchen exhaust;
the interiors are rather austere.  This means that the
sound problem approaches that of an office building
application.
Hospitals
     The patient rooms of hospital buildings should be
considered like hotels except that the load requirements
are based on 100% occupancy with 24-hour, year-round
operation.  Depending on the predominant exposure the
lighting load can be subjected to a diversity analysis.
The important factor is that the air circulation must be
contained within each room.  Corridors, nurses stations
and serving areas must have a separate supply.  Each
room must have an exhaust creating negative pressure.
There should be no cross-communication (contamination)
between various areas.  The special treatment,
therapeutic, maternity, surgical, morgue and other service
areas usually have individual temperature, humidity and
ventilation requirements.
     Patient areas are best handled by primary air-
secondary water induction systems.  In a long building
oriented east-west, with predominant north-south
exposures, all-air reheat systems are applicable.  The
individual facility spaces are handled by independent
self-contained or central station fan-coil assemblies.
Absolute cleanliness from dust, odors and bacteria (along
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with rigid hospital housekeeping) is essential.  This
objective can be achieved easily with standard air
conditioning systems and equipment.  These must be
simple to operate and particularly to maintain.  Equipment
that presents complexity soon loses proper attention.
Schools and Colleges
     The need for year-round thermal environment in a
schoolhouse is necessitated by concentrated school-
room occupancy, elevated lighting intensity, suneffect in
case of peripheral classrooms with windows and
recognized improvement in performance of teacher-
student instruction-absorption.  Another element for the
same need is the present tendency toward extension of
the 9-month school year to a full 12 months.  Even without
the summer months the solution of cooling needs on the
9-month operation by use of ventilation is inadequate 25-
90% of the time depending on location.  Ventilation for
odor dilution is an extremely important function.
Depending on room cubage per pupil and student living
habits the outdoor air requirement may vary 5-20 cfm per
pupil.  Thus the load due to outdoor air is significant.
     The architecture of primary and secondary school
building varies from one- or two-story standard
arrangement single buildings to windowless highly
utilized designs, to a compound of buildings devoted to
individual functions.  Whatever the arrangement the type
of systems applicable to school air conditioning are
extensive.  Since the main prerequisite is introduction of
sufficient outdoor air, all-air systems of any arrangement
are the best choice.  They operate economically by using
outdoor air cooling any time the outdoor temperature
drops below 60 F.  The package equipment and all-water
room fan-coil units have limited applications.  The air-
water system has extremely limited use.
     The previous text has been oriented essentially toward
primary and secondary schools.  Institutions of higher
learning, colleges, institutes and universities, present
similar problems which extend to a larger variety of
occupancies.  The buildings are often multi-story
structures for single and multi-purpose occupancies;
therefore the system selection has greater latitude.  The
refrigeration needs are often supplied by a central plant
paralleling the arrangement of central heating.
Department Stores
     The more extensive the department store, the more
attention must be paid to problems of each floor or to
departments within a particular floor.  The nature of each
floor is very individual.  On the other hand a department

store may be quite uniform in singularity of purpose and
therefore may be handled as a unit.
     Care should be exercised in evaluating the population
and local shopping habits.  The location of a department
store is critical:  serving a large city (purely urban
population) or a small town (catering to farming
communities); as part of a shopping center or in a deluxe
setting.  The patronage pattern is individual in each case.
     The air cycle of a department store air conditioning
system should correspond to the load of the specific area
or floor or at times the whole store.  However the
refrigeration plant is sized on the basis of a net
instantaneous load taking into account the population
diversity factor of the entire store.  Full advantage should
be taken of outdoor air for cooling during the winter.
Outdoor air preheaters should be designed to temper the
maximum outdoor air quantity.
     A variety of air conditioning systems may be applied to
department stores; self-contained units or multiple central
station fan-coil assemblies with minimum ductwork may
be used.  A main dehumidifier central station apparatus
may supply chilled air to recirculating booster fans in
various areas or floors.  One central station assembly with
extensive ductwork may serve a department store as a
unit.  Individual conditions can be maintained in a manner
suitable to the circumstances.  It may be either a total
apparatus bypass control or an individual area volume
control.
Shopping Centers
     The trend toward concentration of shops, variety and
department stores in outlying areas has led to the
development of shopping centers.  Problems of load
calculations are stated under individual categories.
However the design of air conditioning systems is
dominated by the economics of investment and service to
the operators of stores or by agreement between the
lessees and lessor.  The major choice is either individual
self-sustaining treatment of each store unit or a central
refrigeration along with a boiler plant.  In the latter case
the cooling and heating services are distributed to each
on an equitable basis.  Stores are usually equipped with
individual air cycles as part of the unit design.
     An additional feature of shopping centers is a covered
mall connecting the stores and plazas between the
stores.  These mall areas are usually air conditioned at
somewhat higher temperatures than the surrounding
stores.  Doors from stores to the malls usually stay open.
Ventilation air from the stores is usually exhausted thru
the malls.  At times there are openings above small
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central plazas within a store compound; these opening
serve as exhaust relief.
Libraries and Museums
     This application belongs to the industrial type since it
is primarily for the benefit of various products.  The
products are on permanent display; although the design
conditions are strict, this application is similar to one for
human comfort.
    Libraries and museums housing collections of books,
fine and technical arts, historical and natural sciences are
often located in large cities.  This location exposes the
collections to a polluted, destructive atmosphere.  Air
conditioning with special attention to filtration and
elimination of atmospheric pollutants must maintain year-
round constant temperature and humidity.  Fortunately
the indoor design conditions are within the human
comfort range.  A thorough air movement must be
established to avoid stagnant corners.
     The control of space relative humidity and the object
humidity, that is, the humidity of the thin film in close
contact with the object surface, is very essential.  The
space relative humidity affects the equilibrium of moisture
content between the object and the ambient atmosphere.
The object humidity affects the surface of the object.  In
both cases excessive moisture acts as a destructive
agent.
     The equipment for conditioning the air may be any
kind within the economics of the given project.  In
contaminated areas considerations should be given to
the removal of acidic fumes and vapors by employing
direct spray dehumidifiers or sprayed coils with spray
alkalinity maintained at a pH value of 8.5 to 9.0.
     The ideal system is one that is well zoned with central
dehumidifying equipment and booster fan stations using
bypass or steam, hot water or electric reheat control.  In
all cases the automatic control should incorporate a
safety device to prevent over-humidification.  Equipment
vibration isolation and acoustic attenuation must be part
of the design.  The system must operate 24 hours year-
round.
Laboratories
     The use of air conditioning systems in laboratories
provides one or more of the following services:

1. Control of regain in hygroscopic materials.
2. Influence of physiological reactions (comfort).
3. Control of chemical reactions.
4. Control of biological reactions.

     With regard to their functions laboratories can be
grouped in the following types:

1. Research
2. Development
3. Test
4. Calibration
5. Pilot plants

     Individual laboratories (singly or collectively) are
usually designed for a specific condition or for a range of
conditions of temperature, humidity and cleanliness
(white or clean rooms).  These functions must be
maintained to very exacting requirements.  The controls
and safeguards must often be quite elaborate.
    The discussion that follows is confined to laboratory
buildings, where modules, research personnel offices
and conference rooms, libraries and work shops are
combined under one roof.  Chemical research
laboratories are equipped with exhaust hoods that
present specific problems.
     In the design of air conditioning systems for laboratory
buildings the application of standard design patterns and
practices is very limited.  Each laboratory and building is
a problem in itself that requires the following
considerations:

  1. Exact room conditions.
  2. Specific ventilation, often oriented to the exhaust

requirements.
  3. Separation of general occupancy spaces.
  4. Orientation of heavy load laboratories away from

the additional burden of sun gain.
  5. High load variation in each laboratory
  6. Diversity in use of laboratories.
  7. Diversity in loads thruout the building.
  8. 24-hour operation of laboratory spaces.
  9. Constant or variable exhausts.
10. Concentrations of sensible or latent heat, requiring

either special exhausts or spot cooling or both.
11. Corrosive effects of fumes on parts of the air

conditioning, ventilation and exhaust systems.
12. Explosion hazards.
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FIG. 17- INDUCTION HOOD

     The load calculations are made in accordance with
Part 1, taking account of any special heat gains and
customer specification of indoor design conditions.  The
recommended ventilation is 15-20 cfm per person unless
the amount of exhaust demands larger quantities.
     The selection of an air conditioning system is dictated
by the grouping of similar spaces (zoning) and individual
requirements of separate spaces.  The ordinary comfort
applications are open to any type of system; the variable
load spaces are best treated with multi-zone reheat
systems such as a constant volume, variable temperature
system; the spaces with concentrated and special loads
may need spot treatment of either temperature, humidity
and/or cleanliness provisions.  Standard equipment is
applicable except for explosion hazards and corrosive
fumes requirements where applicable.
     Fume exhausts may present unusual problems of both
functional and economic nature.  The conditioned make-
up air necessary to fill the exhaust air requirements is a
major burden on the system and increases costs.  The
intermittent and varying use of exhaust hoods presents a
difficult air balancing problem, with special attention to
selecting proper air handling equipment.  One solution of
fume exhaust is the application of self-ventilated hoods
(Fig. 17); the exhaust hood requirements are divorced
form the air conditioning system.  Untreated outdoor air

(heated in winter) is introduced directly to the hood and
exhausted either from a group of hoods or individually.
The latter method is followed when there is a danger of
mixing exhausts because of an explosive or corrosive
nature.
     In this connection it is necessary to discharge the
exhausts forcibly upward in order to fully diffuse the
fumes to protect possible recirculation into the outdoor air
intakes, whether for ventilating the exhaust hoods or the
air conditioned spaces.
Marine
     The air conditioning of ships, whether a luxury
passenger liner or a cargo vessel, follows the patterns on
land.  However, in defining the outdoor design conditions
it is necessary to determine the zone of sailing coverage.
Normally it is recommended that the summer outdoor
design conditions are 95 F db and 82 F wb unless sailing
areas are predominately tropical.  Then the average warm
port of call defines the summer outdoor design condition.
The coldest port of call pinpoints the winter outdoor
design condition.  Indoor design conditions are similar to
applications on land.  The sun effect thru glass must be
evaluated on a maximum basis because of no definite
orientation.  there is an added factor of sun radiant
energy diffusely reflected from the water surface.
Ventilation needs aboard ship are larger due to the
limited volume of quarters and general malodors specific
to ships.  A minimum of 12.5 cfm per person or 2.5 air
changes per hour, whichever is greater, should be used
to estimate ventilation.  Deluxe passenger vessels should
have more ventilation.
   The compactness of the hull of a ship completely
utilizing each cubic foot of space leads to specific
considerations in the selection and design of air
conditioning systems and equipment.  Generally systems
for staterooms and crew quarters are limited to air-water
induction, all-air reheat and dual-duct systems.  The
public spaces are air conditioned by field-or factory-
assembled conventional all-air central station fan-coil
systems.
     The equipment installed aboard ship should be
selected to satisfy the following requirements: a minimum
of space; minimum noise and vibration; operation under
conditions of ship’s roll and pitch; use of materials able to
withstand the corrosive effects of sea air and salt water;
and sufficiently maintenance-free for the duration of a
voyage.  To be prepared for emergencies the systems
should be adequately supplied with spare parts and
maintenance materials.

Table 2 presents a summary of the various
applications and air conditioning systems.
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TABLE 2-SYSTEMS AND APPLICATIONS

Individual Room or Zone Unit Systems Central Station Apparatus Systems
DX Self-Contained All-Water All-Air Air-Water

Room Zone Room Fan-coil Single Air Stream Prim. Air Systems
Reheat Multi- Secndry. Room

APPLICATIONS With Zone Water Fan-Coil
1/3 to 2 2 tons Recir. Outdoor Variable At Zone Single H-V H-P with

tons and over Air Air Volume Bypass Terminal in Duct Duct Induction O.A.
Page (9-8) (9-8) (9-8) (9-8) (9-9) (9-9) (9-10) (9-10) (9-10) (9-11) (9-8)

Medium (9-13) x
Residential Large x x x
Restaurants Medium (9-13) x x

Large x x x x x
Variety & Spctly. Shops (9-13) x
Bowling Alleys (9-14) x x
Radio and Small (9-14) x x x x
TV Studios Large x x x x
Country Clubs (9-14) x x x x
Funeral Homes (9-14) x x
Beauty Salons (9-14) x x
Barber Shops (9-15) x x
Churches (9-15) x x x
Theaters (9-15) x
Auditoriums (9-15) x
Dance and Roller Skating

Pavilions                 (9-15) x x x
Factories (comfort) (9-15) x x x
Office Buildings (9-16) x x x
Hotels, Dormitories (9-18) x x x x
Motels (9-18) x
Apartment Buildings (9-18) x x x
Hospitals (9-18) x x x
Schools and Colleges (9-19) x x x x x
Museums (9-20) x x
Libraries Standard (9-20) x x x x

Rare Books x x
Department Stores (9-19) x
Shopping Centers (9-19) x x x
Laboratories Small x x x x

Lge Bldg (9-20) x x x
Marine  (9-21) x x

NOTE: 1.  Systems checked for a particular application are the systems most commonly used.  Economics and design objectives dictate
                      the choice and deviations of systems listed above, other systems as listed in Note 2, and some entirely new systems.

2.  There are several systems used on many of these applications when higher quality air conditioning is desired (often at higher
                      expense). They are Dual-Duct (9-11), Dual Conduit (9-9), 3-pipe Induction and Fan-Coil (9-11), 4-pipe Induction and Fan-Coil, and
                      Panel-Air (-12).

3.  Numbers in parentheses are page numbers of the text describing the particular system or application.
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Air-water systems
All-air systems

bypass control
reheat control
volume control

All-water systems
Apartments
Applications

table 2
apartments
auditoriums
barber shops
beauty shops
bowling alleys
cafeterias
churches
colleges
country clubs
dance halls
department stores
dormitories
factories
funeral homes
hospitals
hotels
laboratories
libraries
marine
motels
museums
night clubs
office buildings
radio studios
residences
restaurants
roller skating pavilions
schools
shopping centers
specialty shops
theaters

TV studios
variety shops

Auditoriums

B

Bowling alleys

C

Cafeterias
Colleges
Constant temperature, variable

volume system
Constant volume induction
system

D

Dance halls
Department stores
Direct expansion systems
Dormitories
Dual conduit system
Dual-duct system

E

Economics
Equipment space

F
Factories

H

Heat pump systems
Hospitals
Hotels

I

Induction unit system

L

Laboratories
Libraries

M

Marine
Motels
Multi-zone unit system
Museums

N

Night clubs

0

Occupancies
multipurpose
single-purpose

Office buildings
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Operating costs
Owning costs

P

Panel-air system

R

Residences
Restaurants
Return on investment
Roller skating pavilions
Room cooling unit system
Room fan-coil unit system

S

Schools
Self-contained unit system
Shopping centers
Specialty shops

System components
table 1

System objectives
System selection

controls
economics
environment
structure

System types
air-water
all-air
all-water
direct expansion
heat pump

T

Theaters
Three-pipe induction unit system

V

Variable volume system
Variety shops
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Fig. 1 – Air Conditioning Plant
Fig. 2 – Heat Dissipation
Fig. 3 – DX System
Fig. 4 – All-Water System
Fig. 5 – All-Air System
Fig. 6 – All-Water System
Fig. 7 – Heat Pump System
Fig. 8 – DX Refrigerant Systems
Fig. 9 – Room Fan-Coil Systems
Fig. 10 – All-Air Volume Control Systems
Fig. 11 – All-Air Bypass Systems
Fig. 12 – All-Air Reheat Systems
Fig. 13 – All-Air Multi-Zone Systems
Fig. 14 – All-Air Dual-Duct System
Fig. 15 – Air Water Induction Systems
Fig. 16 – Air Water Panel-Air System
Fig. 17 – Induction Hood
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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART TEN

The all-air systems are for applications in which the only
cooling mediun used directly within the conditioned space is air. They
may be arranged in various ways for transmitting and distributing the
air to and within the space, as well as controlling the space
temparature and humidity condition.

Thios part of System Design Manual presents data and
engineering procedures to guide the engineer in practical designing
of all-air systems. The complete range covers the conventional,
constant volume induction, multi-zone, dual-duct, variable volume,
and dual conduit systems.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

       conventional systems          1

constant volume induction system                     2

multi-zone unit system     3

           dual-duct system        4

INDEX

variable volume,              5
constant temperature system

      dual-conduit system        6
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CHAPTER 1. CONVENTIONAL SYSTEMS

The conventional all-air systems are ordinary single
duct air transmission arrangements with standard air
distributing outlets, and include direct control of room
conditions. Such systems are applied within defined
areas of  usually constant but occasionally variable
occupancies such as stores, interior office spaces and
factories, where precise control of temperature and
humidity is not required. However, these systems can be
arranged to satisfy very exacting requirements.

The conventional systems are classified in two major
categories: constant volume, variable temperature and
variable volume, constant temperature systems. The first
category has the greater flexibility to control space
conditions, extending from on-off refrigeration capacity
control to exacting reheat control.

The conventional systems and their methods of room
temperature control are listed as follows:

1. Constant volume, variable temperature systems
with
a. On-off or variable capacity control of

refrigeration.
b. Apparatus face and bypass damper control.
c. Air reheat control.

2. Variable volume, constant temperature systems
with supply air volume control.

The conditioned area may include either a single zone
or several zones, the latter consisting of two or more
individually controlled zones, Single zones are usually
served by using refrigeration capacity or face and bypass
control, and at times reheat control. The multi-zone
applications require reheat control or varying volume
control systems.

Maintenance of uniform conditions depends on a
balanced design of air distribution and matching of
design space load with refrigeration capacity.

The chapter includes Systems Features, Systems
Description, Controls and Engineering Procedure for
designing these conventional systems.
SYSTEM FEATURES

Some of the features of the conventional systems are
the following:

1. Simplicity – All the systems described are easy to
design, install and operate.

2. Low Initial Cost – The general simplicity of system
design, rudimentary requirements and minimum
physical make-up lead to a low initial cost.

3. Economy of Operation – Since the systems are
the all-air type, the outdoor air may serve as a
cooling medium during marginal weather, thus
conserving the use of refrigeration. In most cases
the areas served by the systems are of limited
size; therefore, the operation of the systems may
be limited to periods when their use is of
maximum benefit.

4. Quiet Operation – All mechanical equipment can
be remotely located.

5. Centralized Maintenance – All elements of the air
handling and refrigeration apparatus are in one
location, limiting centralized services and
maintenance to apparatus rooms.
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SYSTEM DESCRIPTION
CONSTANT VOLUME, VARIABLE TEMPERATURE
SYSTEMS

Figure 1 shows the basic parts of a conventional
system required for summer air conditioning: outdoor and
return air connections, filter, dehumidifier, fan and motor,
and supply air ducts and outlets. The optional elements
provide preheating of outdoor air and space heating
when required.
Refrigeration Capacity Control

In a summer air conditioning system, a thermostat
located in the space return air path is set at the desired
room temperature. It controls directly the refrigeration
capacity of the dehumidifier, either by on-off, step or
modulation controls. The choice of a specific control
method depends on the size and type of the refrigeration
plant. The resultant temperature and humidity conditions
are only relatively constant, since the refrigeration
machine capacity does not always match the load. The
on-off control of space conditions is intermittent, since
humidity conditions can rise during off-cycles because
the supply air consists of an unconditioned mixture of
return and outdoor air.

The refrigeration plants are either the small-to-
medium size direct expansion type or the medium-to-

large size water chilling type. Accordingly, the control
applied can be either an on-off liquid solenoid valve, a
step operation of compressor(s), or a valve to modulate
the water flow thru the dehumidifier(s). In marginal
weather the space thermostat controls the return and
maximum outdoor air dampers to provide cooling from
outdoor air.

A heating coil is added if the system is designed for
year-round operation to provide winter ventilation and
heating. A preheating coil is added at the minimum
outdoor air intake when the mixture temperature of
minimum outdoor and return air is below the required
supply air temperature.

The supply air is transmitted thru low velocity air
ducts and distributed in the space by standard outlets or
diffusers. Although they are a conventional type, the air
ducts and outlets must be engineered carefully to avoid
the generation of disagreeable noise.

This type of conventional system is used in many
different applications; however, the performance is best
in spaces with loads that have relatively stable
characteristics and minimum ventilation requirements. For
this application equipment selected to match the load is
economical to operate and, being fully loaded most of the
time, maintains the space conditions at nearly constant
level.

Fig. 1 – Basic Elements of a Conventional Air Conditioning System
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Face and bypass control

A variation of the preceding arrangement to improve
the control of space conditions and to allow a more
economical selection and utilization of the refrigeration
plant is the use of an air connection between the return
air and fan intake to allow a bypass of air around the
dehumidifier (Fig. 2). This arrangement for mixing the
bypassed return air with the dehumidified air improves
the control of space conditions. Space temperature is
more constant. Space humidity is still subject to variations
though much smaller than with the original system. Care
must be exercised to exclude the possibility of short
circuiting ventilation outdoor air thru the bypass
connection.

The refrigeration capacity is indirectly controlled by
the falling temperature of the cooling medium as the
dehumidifier face dampers close and the load on the
dehumidifier falls off. This has a beneficial effect on the
humidity since the temperature leaving the dehumidifier
tends to fall with the decreasing air bypass factor and the
falling temperature of water. When the face dampers are
closed, the refrigeration equipment is stopped. In
marginal weather the refrigeration equipment is shut
down. The face and bypass dampers are set open and
closed respectively. Space conditions are controlled by
mixing the outdoor and return air to utilize the cooling
available in outdoor air.

Air Reheat Control

The best control of space conditions relative to both
temperature and humidity can be obtained by means of
the reheat system (Fig. 3). Close temperature control is
obtained by adding heat to neutralize excess cooling to
maintain a constant space temperature.

Space humidity conditions are achieved by
maintaining the supply air at a constant dewpoint
temperature (constant moisture content). During hours of
partial sensible and latent heat loads the space humidity
is lowered. This lowering may be considerable if, in the
case of applications using water chilling cycles, water is
circulated continuously, resulting in lower apparatus
dewpoint and supply air temperature.

The capacity of the refrigeration plant is controlled
from either the return or supply water temperature.
Generally, the dehumidifier capacity is controlled either
from a dewpoint thermostat located at the dehumidifier
outlet or by a thermostat located in the fan discharge. The
setting of a fan discharge thermostat must compensate
for the heat gain between the dehumidifier and the fan
discharge (fan horsepower and duct heat gains). In
marginal weather, either of these thermostats controls the
return and maximum outdoor air dampers to utilize the
cooling effect of outdoor air.

Fig . 2 – Typical Conventional System With Face and Bypass Control
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Room conditions are maintained by controlling either 
the apparatus reheat in the case of a single zone or the 
duct reheaters in the case of a multi-zone application. 
The reheaters may serve also to provide winter heating as 
required.
VARIABLE VOLUME, CONSTANT TEMPERATURE
SYSTEM
Variable Volume Control

The variable volume, constant temperature system
(Fig. 4) parallels the reheat system, except (1) the
dehumidifier is sized for instantaneous peak load of
zones involved, and (2) individual reheaters are replaced
by air volume control applied to either the individual
branch ducts or the individual outlets. The dewpoint
thermostat controls the dehumidifying capacity in summer
and the return and outdoor air dampers in marginal
weather. Preheating and heating elements may be added
when required. The space conditions are maintained by
room thermostats controlling the volume of supply air to
the individual space. At partial loads the humidity may
rise because the supply air is not at the lower dewpoint
needed by the lower room sensible heat factor (SHF). A

lower dewpoint may be achieved with a system of
uncontrolled chilled water flow.

This system is applied in multi-zone areas. However,
to be fully effective over the complete range of load
variations, the supply air terminal must be able to vary the
air volume without condensation occurring at outlets or
causing noise, and to maintain reasonable air circulation
within a space. Such a system is described in Chapter 5.

The variable volume, constant temperature system
with conventional outlets, particularly the sidewall type,
must limit the variation in air volume to 75-80% of the full
quantity. The lower volume of air may cause a draft due to
incomplete throw of the air stream; thus the load
fluctuations within a given zone must be small. The
variable volume, constant temperature system is primarily
applied to internal areas; it is seldom used in external
areas because the solar radiation load constitutes a major
portion of the system load.

Efficiency of the various conventional systems
described previously is reflected in the pattern of
indicated relative humidity profiles resulting during the
partial load conditions (Fig.  5).
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ENGINEERING PROCEDURE

The following design rules are offered to guide an
engineer in achieving a practical design. Part 1 contains
data on the initial survey, preliminary layout and load
calculation.
COOLING LOAD

Both the sensible and latent loads are calculated for
each zone. The sensible heat factor determines the
apparatus dewpoint temperature.

In the case of a multi-zone application, a judicious
selection of apparatus dewpoint temperature must be
made to avoid penalizing the system by using the lowest
apparatus dewpoint required by any one of the zones.
The apparatus dewpoint may be the one resulting from a
block load estimate or one arbitrarily selected to produce
acceptable variations in relative humidity in the zones
involved.

When calculating the load for systems designed to
apply face and bypass damper control, if the outdoor air
can be bypassed around the dehumidifier,

Fig. 5 – Comparison of Relative Humidity
Behavior For Various Types of Control,

Conventional Systems

Fig. 4 – Typical Conventional System With Air Volume Control
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ERSH = effective room sensible heat (Btu/hr). Subscripts: z = zone peak; bk = block peak.
BF = dehumidifiet bypass factor; trm  =  room temperature (F); tadp =  apparatus dewpoint temperature (F)
hea = specific enthalpy of entering mixture of outdoor air at design conditions and and return air at average syste

mcondition (Btu/lb).
Hadp = specific enthalpy at apparatus dewpoint temperature (Btu/lb).

the Btu calculations should be adjusted by increasing the
outdoor air bypass factor by 0.1.

Table 1 summarizes the cooling load requirements of
various conventional systems applied to single and
multiple zones. It also presents the methods applied in
calculating the dehumidified and supply air quantities as
well as the refrigeration or the dehumidifier load, and
defines the fan and zone supply air quantities.
HEATING LOAD

When heating is required, the load for each zone is
calculated to offset the transmission loss plus infiltration.
The capacities of the heating or reheating coils should be
capable of both raising the supply air temperature to

room conditions and offsetting the zone heating load (Part
2).

If a preheater is required, it may be selected to
temper the minimum outdoor air to 40 F or to heat the
mixture of outdoor and return air to the required dewpoint
temperature.
SUPPLY AIR

The supply air for the various types of conventional
systems may either equal the dehumidifier air quantity
(Table 1) or be increased to maintain the proper air
circulation within the conditioned space. If it is increased,
it may be accomplished either by the addition of a
permanent bypass of untreated recirculated space air to
be mixed with the dehumidified air, or by the selection of

Part 10. All-Air Systems  |  Chapter 4. Dual-Duct System
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a larger dehumidified air quantity, using higher apparatus
dewpoint temperature but having the same capacity to
absorb the space moisture. In the first case the supply air
fan quantity is equal to the sum of the dehumidified and
the permanent bypass air. In the second case the supply
air quantity is equal to the increased quantity of
dehumidified air.

With a variable volume, constant temperature system
a large supply air quantity (1-2 cfm per sq ft of floor area)
at a high air temperature (approaching 65 F) is a good
design approach. This minimizes the amount of volume
control. Actually it may make the system quite stable,
requiring very little volume adjustment.
DUCT DESIGN

The conventional low velocity duct system design
and selection of standard outlets and diffusers are
described in Part 2, Air Distribution.

The static regain method of sizing supply air ducts is
recommended. Balancing dampers should be used for
minor adjustments of air distribution within ducts. The
return air ducts are sized by the equal friction method.

Careful engineering of air distribution systems avoids
noise problems. At times, a lack of proper space to
accommodate a good layout and fittings, or the proximity
of an outlet to the apparatus, may require sound
absorption treatment of the supply and perhaps the return
air paths.
PIPING DESIGN

Factors affecting the design of refrigerant, chilled
water and steam piping are described in Part 3.
CENTRAL APPARATUS

General guidance for the design and arrangement of
the various components of the apparatus is found  in Part
2, Air Distribution.

The engineering procedures point out a specific
basis for selecting the dehumidifier, supply air fan, and
heating coils for any system. Filters are selected for the
required supply air quantity to meet the needs
appropriate to the application.

The simplest arrangement for the small conventional
system is a prefabricated package or an assembly of fan
and coil central station equipment with separate
refrigeration plant (Part 2).
*Figures 6,7,8 and 9 are schematic and for guidance only; they do
not include the optional elements: preheater and reheater for winter
heating. The design engineer must work out a control diagram for
his specific application

REFRIGERATION LOAD

Refrigeration capacity is estimated as shown in Table
1 with the particular type of machinery determined by the
size of the load.
CONTROLS

Controls for conventional systems are simple, and
can be either electric or pneumatic.

There are several control elements which regulate the
functioning of conventional air conditioning systems; five
are basic and two are optional.

Fig. 7 – Face and Bypass Damper Control,
Typical Pneumatic Arrangment*

FIG.6- REFRIGERATION CAPAICTY  CONTROL,
 TYPICAL PNEUMATIC ARRANGEMENT*
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These are the basic elements.
1. A relay energized by the fan starter opens the

minimum outdoor air damper as the fan is started.
This provides ventilation in all seasons.

2. A space, dewpoint or fan discharge thermostat
controls the dehumidifier cooling capacity and
indirectly the refrigeration plant. This provides
cooling in summer.

3. A space, dewpoint or fan discharge thermostat
controls the cooling capacity by the use of
outdoor air. This provides cooling in marginal
weather.

4. A summer-winter switch for seasonal change of
control cycles.

5. A space or zone thermostat (s) maintains space
conditions controlling:
A. Cooling source directly as indicated in Items

2 and 3 for the basic conventional system
(Fig. 6)

B. Face and bypass dampers in summer, and
cooling source in marginal weather, as
indicated in Items 3 for the face and bypass
damper control system (Fig. 7).

   C.  Zone reheaters in all seasons, for reheater
control systems (Fig. 8).

      D.   Volume dampers in all seasons, for variable
volume, constant temperature systems (Fig.
9).

*Figures 6,7,8 and 9 are schematic and for guidance only; they do
not include the optional elements: preheater and reheater for winter
heating. The design engineer must work out a control diagram for
his specific application.

These are the optional elements:
1. A thermostat in the air stream leaving the preheater

controls the heating capacity of the preheater. This
tempers outdoor air in winter.

2. a. A space thermostat controls the heating coil. This
provides heating in winter.

b. A space thermostat controls the heating capacity
of the reheating coil (s) in the case of a reheat system.
A space hygrostat may also control the reheater,

FIG. 8 – REHEATER CONTROL, TYPICAL PNEUMATIC
ARRANGEMENT*

FIG.9 – VARIABLE VOLUME CONTROL, TYPICAL
PNEUMATIC ARRANGEMENT*
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particularly in the case of a reheat system applied to a
single zone.

MODIFICATIONS
This chapter has outlined the basic arrangements of

conventional  systems. Numerous variations may be
devised to suit a design engineer.

One particular modification is an arrangement in
which the main apparatus is a source of dehumidified air
to be distributed to several booster fan stations which
have mixing
*Figures 6,7,8 and 9 are schematic and for guidance only;
they do not include the optional elements: preheater and
reheater for winterdampers. The zone control mixes

dehumidified and room air in proper proportions to
maintain the zone temperature. The main dehumidified air
fan must have inlet vanes controlled by a static pressure
regulator to provide volume control. Such a system may
be economically applied to a large building. The main
apparatus and services are concentrated in one location
with booster fans usually suspended from the ceiling of
the floors served. The design of the duct distributing
dehumidified air to the booster fans may at times use high
velocity principles, while the design of ducts transmitting
the supply air to the rooms is usually in accordance with
low velocity principles.

An exhaust system should be used to remove
the excess air that is brought into the building during
marginal weather.
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CHAPTER 2. CONSTANT VOLUME INDUCTION SYSTEM

The all-air Constant Volume Induction System is well
suited for many applications, particularly medium and
small multi-room buildings where individual rooms as well
as large spaces may be air conditioned from one central
air conditioning plant. It is often applied to buildings
having a large ratio of floor area to height, indicating a
need for horizontal ductwork and piping.

This system is particularly suited to high latent load
applications such as schools and laboratories, as well as
existing hotels in which the design sensible cooling load
is low and where a serviceable steam or hot water system
is available. Hospitals, motels, apartment houses,
professional buildings, and office buildings are other
applications.

An exceptional application of this system is a school
in which heating and ventilation are required at present
and conversion to full air conditioning may be required at
a future date. In this instance, equipment, air quantities
and layout are based on the air conditioning calculations.
Future conversion is easily accomplished by adding a
refrigeration machine, cooling coils and piping.

This chapter includes System Features, System
Description, Controls and Engineering Procedure for
designing a complete constant volume induction system.
SYSTEM FEATURES

The constant volume induction system offers many
features favorable for its application to medium and small
multi-room buildings. Some of these features are:

1. Individual Room Temperature Control – Zoning
problems are solved without the expense of
multiple pumps or zoned piping and ductwork
since each room is a zone.

2. Flexible Air System Design – The choice of low or
high velocity air distribution can be made on the
basis of economics and building requirements,
since units are designed to handle either type of
distribution.

3. Centralized Primary Air Supply – One central
station apparatus can serve both interior and

exterior rooms of the building, since the constant
volume, constant temperature characteristic of the
primary air is suitable for zones of this type.

4. Simplified Control System – A single nonreversing
thermostat and control valve or a self-contained
valve is the only requirement for each room.

5. Economy of Operation – The refrigeration
machine is not required during the intermidiate
season when the outdoor air is at the proper
temperature to handle the supply air temperature.

6. Controlled Ventilation, Odor Dilution and
Constant Air Motion – The system provides
positive ventilation to each space to dilute odors.
In addition, room air motion remains uniform since
this is a constant volume system.

7. Quiet Operation – All fans and other rotating
equipment are remotely located.

8. Centralized Maintenance – Since service is
required only in the machine room, maintenance
is easier to accomplish, with less distraction and
in a more orderly manner.

9. Filter Efficiency – Since filtration is accomplished
at a single location, higher efficiencies to meet the
desired requirements are attainable.

10. Central Outdoor Air Intake – This central location
allows a more desirable architectural treatment.
Wind direction has little or no effect on ventilation.
Building damage caused by rain leakage thru
numerous intakes is eliminated.

11. Convector Heating – Night, weekend, and holiday
heating is easily accomplished by operating a
single hot water pump or a steam system.

12. High Temperature Differential – Supply air
temperatures may be 25 degrees below room
temperatures since room air is mixed with the
primary air before the total air stream is
discharged into the room. This feature makes
possible smaller air quantities at lower
temperatures than with a conventional system.
Also, this means smaller duct sizes and smaller
central station apparatus.
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13. Centralized Dehumidification – Since all
dehumidification occurs at the central station, no
condensation occurs in the room. Thus, drain lines,
drain pans and cleaning of these items are
eliminated.

SYSTEM DESCRIPTION
Figure 10 is a schematic diagram of the system.

CENTRAL STATION APPARATUS

The central station apparatus conditions the air and
supplies either a mixture of outdoor and return air or
100% outdoor air to the room unit. The apparatus
contains filters to clean the air, and a dehumidifier to cool
and remove excess moisture from warm humid air or to
add winter dehumidification.

A relatively constant supply air temperature is
maintained at the fan discharge, normally from 50-55 F.

A high or low velocity air distribution system is used
to move the air from the central station to the room units.
A sound absorber (when required) located downstream
from the fan discharge is used to reduce the noise
generated by the fan.

Chilled water is circulated or refrigerant is
evaporated in the coils of the dehumidifier to remove

excess moisture and cool the air. Hot water or steam is
supplied to the unit heating coils.

INDUCTION UNIT

The induction unit is designed for use either with a
complete air conditioning system or with a system
providing heating and ventilating only. Figure 11 shows
the unit elements which include the air inlet, sound
attenuating plenum, nozzle and heating coil.

A constant volume of cool conditioned air is supplied
to the unit. This air, designated as primary air, handles
the entire room requirements for cooling, dehumidification
or humidification, and ventilation. The primary air induces
room air which is heated by the coil to provide summer
tempering (when needed) and winter heating.

Room temperature control is achieved by adjusting
the flow of hot water or steam thru the coil by a manual or
an automatic control valve.

Fig. 10 – Typical Constant Volume Induction System
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ENGINEERING PROCEDURE
The following procedure is offered to assure a

practical operating air conditioning system. As in all
design work, a survey and preliminary layout are
required, as explained in Part 1. Room loads and
associated air quantities are determined by using load
factors and method described in Part 1.
ROOM COOLING LOAD

Calculate the load for all typical exposures: east,
west, north, south and any space that has unusual loads.
Some flexibility may be allowed in these calculations to
provide for future partition changes, depending on the
type of application. In most multi-room applications, 8 to
16 room load calculations for typical sampling may be
required. This includes both room sensible and latent
load requirements.
AIR QUANTITIES

Calculate the air quantity required for each room.
This is determined from the following formula:

Where
Cfm da = dehumidified air quantity
ERSH = effective room sensible heat
BF = dehumidifier coil bypass factor
tadp = apparatus dewpoint temperature
trm = room temperature

TABLE 2 – TYPICAL COMPARISON OF
ROOM LOAD CHARACTERISTICS*

CONDITIONS
AT ROOM PEAK

LOADROOM
NO.

EXPOSUR
E

ESHF
Roo

m
Temp

(F)
tadp(F)

1 NE .82 78 51.5
2 E .86 78 52.0
3 SE .86 78 52.0
4 S .86 78 52.0
5 SW .95 78 54.0
6 W .95 78 54.0
7 NW .95 78 54.0
8 N .81 78 50.0

*   Based on maximum design conditions of 78 F, 45% rh,
thermostats assumed set at 75 F.

The air quantity determined from this formula is used
for two purposes: unit selection and design of the air
distribution system. All of the values in this formula are
explained in Part 1, Chapter 8, Psychrometrics. A short
discussion is included here for economic guidance in the
selection of apparatus dewpoint.

On installations where the relative humidity should
not exceed the design conditions for any reason, the
lowest apparatus dewpoint determined from the cooling
load estimates must be used in the formula. However, on
most installations there may be serveral rooms which
require an apparatus dewpoint lower than the rest of the
building. In these instances a compromise value is often
used, recognizing that thses spaces may have a relative
humidity that exceeds average design conditions.

As an illustration, calculations are made for a one-
story office building (Fig. 12). The resulting apparatus
dewpoints for the various rooms are shown in Table 2.
Note that the lowest apparatus dewpoint (50.0 F) occurs
in the north exposure. If 50.0 F is selected for use in
determining the air quantity for all the rooms, the relative
humidity will be below the room design condition in all
spaces other than the north exposure.

Conversely, if 54 F is used for determining the air
quantity, the southwest, west and northwest rooms will
have a satisfactory relative humidity, and the remaining
rooms will have a relative humidity that exceeds the
design condition. The suggested apparatus dewpoint to
be used in this instance is 52 F. If 52 F is used, the

Cfmda = ERSH
1.08 × (1 - BF)(trm - tadp)

Fig. 11 – Typical Induction Unit
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northeast and north rooms will have a relative humidity
slightly higher than design.

Use of the compromise apparatus dewpoint results in
a practical system that gives excellent results most of the
time, and loses relative humidity control only in a few
spaces having a maximum latent load when the complete
building is at peak load.

ROOM HEATING LOAD

Calculate the room heating load for these two
conditions:

1. With the primary air fan operating. This gives the
required heating coil capacity for room units with
induction.

2. With the primary air fan not operating. This gives
the required heating coil capacity when the room
induction unit is used as a convector.

The first condition includes heating requirements to
offset transmission and infiltration, and to temper the
primary air from its entering temperature to the room
winter design temperature. The second condition
includes heating requirements to offset transmission and
infiltration only.

Building type and planned system operating periods
can influence the gravity heating calculations. Many
applications are designed for a night, weekend and
holiday set-back temperature. During these unoccupied
periods, the room temperature may be allowed to drop to
a rang of 60-65 F. This can result in a lower operating
cost and, at times, a smaller room unit.
UNIT SELECTION

Selection the room units to satisfy the following
requirements:

1. Primary air quantity.
2. Room heating load (coil capacity).
3. Sound level appropriate to the application.
4. Space limitations.

FIG.12 – TYPICAL OFFICE BUILDING
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Once these items are established, unit selections can
be made from the manufacturer’s catalog.

Often, the gravity heating requirements (with fan not
operating) may indicate a larger unit than that required to
satisfy the cooling requirements. It is more economical to
operate a fan for limited periods of time during extreme
winter weather than to select a larger unit. This is easily
accomplished automatically by installing in a typical room
a night thermostat which starts the primary air fan when
the room temperature drops below the thermostat setting.

The design water flow rate used in selection of the
unit can influence the total system cost. The lower the
flow rate, the lower the first cost of system piping and
pump. However, a check should be made to determine if
turbulent flow conditions exist in the unit coil. For a   /
inch OD tube, the minimum flow is approximately 0.7 gpm
for turbulent conditions.
CENTRAL APPARATUS

Select the central air handling apparatus for the sum
of the air quantities supplied to each space.

Two methods may be used to determine the
dehumidifier load. The first (Example 1) results in a
smaller refrigeration load and, therefore, lower owning
and operating costs, but requires more time to calculate.
Since all rooms are not at peak load or design
temperature simultaneously, the air entering the
dehumidifier is at a lower temperature than the mixture of
room design temperature and outdoor ventilation air
temperature. This condition occurs in systems using
return air.
Example 1 – Calculation of the Dehumidifier Load
Given:

Building shown in Fig. 12
Outdoor design = 95 F, 75 F wb, hoa = 38.6
Room design = 78 F, 45% rh, hrm = 29.0
Apparatus dewpoint = 52.0 F, hadp = 21.4
4-row coil BF = .20

Supply Air Ventilation Air
                 Quantity      Quantity

West exposure = 5600 cfm 920 cfm
East exposure = 4800 cfm 790 cfm
South exposure = 2000 cfm 330 cfm
North exposure              =   1280 cfm 210 cfm

Total           =      13680 cfm     2250  cfm

Return air at 78 F, 45% rh, hrm              =  29.0
West exposure       = 5600-920    = 4680 cfm

Return air at 75 F, 50% rh, hrm              =  28.2
East exposure       = 4800-790    =  4010 cfm

South exposure = 2000-330 = 1670 cfm
North exposure = 1280-210 = 1070 cfm

Total =  6750 cfm

Find:
Dehumidifier load

Solution:
Basic equation is

Load = 4.45 X cfmda  X (1 - BF)(hea - hadp)
Where:

cfmda = dehumidified air quantity
hea = entering air enthalpy
hadp = apparatus dewpoint enthalpy
BF = bypass factor

Outdoor air at 95 F, 75 F wb, hoa =  38.6
Load = 4.45 X 2250 X (1 - .2)(38.6 – 21.4)

= 137,800 Btu/hr
Return air at 78 F, 45% hr, hrm     =  29.0

Load = 4.45 X 4680 X (1 - .2)(29.0 – 21.4)
= 126,500 Btu/hr

Return air at 75 F, 50% rh, hrm     =  28.2
Load = 4.45 X 6750 X (1 - .2)(28.2 – 21.4)

= 163,300 Btu/hr

Total dehumidifier load
= 137,800 + 126,500 + 163,300 = 427,600 Btu/hr

The second method of determining the dehumidifier
load is less complex, but results in a load larger than
required. It consists of adding the total loads for each of
the spaces. Also, this can be determined by using the
same formula shown in Example 1, and by assuming all
of the rooms are at peak load simultaneously.

Using the values shown in Example 1, the
dehumidifier load in this instance is:

Outdoor air at 95 F, 75 F wb, hoa     = 38.6
Load = 4.45 X 2250 X (1 - .2)(38.6 – 21.4)

= 137,800 Btu/hr
Return air load at 78 F, 45% rh, hrm= 29.0

Load = 4.45 X 11,430 X (1 - .2)(29.0 – 21.4)
= 309,000 Btu/hr

Total dehumidifier load = 446,800 Btu/hr
When the loads calculated by methods 1 and 2 are

compared, method 1 represents a 4.3% saving over
method 2. This saving is reflected in the cost of the
refrigeration system, dehumidifier coil and the
interconnecting piping system.

A preheater may be required when the mixture
temperature of the minimum outdoor air and return air is
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below the desired supply air temperature. It may be
selected to temper the minimum outdoor air to 40 F or to
heat the mixture of outdoor and return air to the required
dewpoint temperature.
REFRIGERATION LOAD

The refrigeration load is determined by the
dehumidifier load. When more than one dehumidifier is
used, the total load is the sum of all of the dehumidifier
loads. This assumes that all dehumidifier are operating
normally at the same time with no additional diversity
factors.
DUCT DESIGN

Methods described in Part 2 should be used in
designing the air distribution system. Since this is a
constant volume system, no special precautions are
required by changing load conditions.

Low velocity duct systems are normally preferred
since they are simpler to design and result in lower
owning and operating costs. However, they do require
more space and are more difficult  to balance.

In many building the amount of space available higher
velocity system is required. Usually, Class II a high
velocity system, and extra care must be taken in duct
layout and duct construction. Particular care must be
given to the selection and location of fittings to avoid
excessive pressure drop and possible sound problems.
Ducts must be carefully sealed to prevent air leakage.
Round duct is preferred to rectangular ductwork because
of its greater rigidity.

Although other methods of duct sizing such as equal
friction or velocity reduction may be used, the static
regain method is preferred. A system designed by the
static regain method tends to be self-balancing since it is
designed for the same static pressure at each terminal.
This minimizes field balancing and results in a system
that is quieter and more economical to operate.
PIPING DESIGN

Design the piping system in the normal manner.
Either a hot water or steam distribution system may be
used to supply the unit coils. Although steam is
acceptable and has been extensively used in the past,
hot water is currently the normally preferred heating
medium. It provides quieter operation, easier and more
uniform control of room temperature; it requires a simpler
and less complicated piping system with a minimum of
mechanical specialties.

Regardless of whether steam or hot water is used,
normal design practice should be followed in laying out
the system as shown in Part 3. For hot water, either a
direct return or a reverse return system may be used.
However, a reverse return system is preferred and should
be used wherever practical, since it provides an
inherently balanced system.
CONTROLS

A basic pneumatic control arrangement is shown in
Fig. 13.
UNIT CONTROL

Control of steam or hot water flow to the coil is the
only control necessary at the unit. This may be
accomplished either manually or automatically.

Manual control is accomplished by operating a hand valve
to vary the flow of steam or hot water thru the coil. While
satisfactory control of unit capacity can be obtained in
this manner, it is inconvenient because the room
occupant must adjust the capacity to meet variations in
room load caused by such factors as changing outdoor
temperatures or sun load. With a hot water system, some

FIG.13 – CONSTANT VOLUME INDUCTION SYSTEM
  CONTROL, TYPICAL PNEUMATIC ARRANGEMENT

www.HVAC-ENG.com



Part 10. All-Air Systems  |  Chapter 2. Constant Volume Induction System

of these adjustments may be minimized by varying the
supply water temperature depending on the outdoor
temperature, and by zoning the piping to supply different
temperature water to exposures with different sun loads.

Most installations are supplied with automatic
controls to maintain constant room temperatures,
regardless of changing load conditions. Either pneumatic,
electric or self-contanied controls may be used. Since the
fluid is always hot, only a nonreversing thermostat is
necessary to control the valve.

A direct-acting thermostat and a normally open valve
are usually selected with pneumatic or electric controls so
that the valve opens when the air supply or electric
control circuit is shut off. This is particularly useful for
pneumatic systems because gravity heating can be
obtained for night and weekend operation without the
expense of running the air compressor. In addition, it
provides a safety feature in that heating is still available in
the event of failure of the air system or electric control
circuit.

With pneumatic or electric controls, the thermostat
may be located on the wall or conveniently mounted on
the unit within the enclosure. Self-contained controls are
always mounted within the enclosure because the
thermostat and valve are an integral unit.

With unit mounted controls, the temperature sensing
bulb of the thermostat is placed in the induced air stream
between the recirculating grille and the coil. It may be
very close to the coil; however, metal-to-metal contact
between the coil and the bulb must be avoided to assure
proper control.

Several units may be controlled with one thermostat
and one valve. When this is done, the thermostat should
be centrally located to assure that the temperature
sensed by the thermostat is representative of average
room conditions. Consideration should be given to
possible future relocation of the partitions.

CENTRAL APPARATUS CONTROL

Either electric or pneumatic controls may be used for
the central apparatus. The sequence of operation is the
same regardless of which is used.
Summer Operation

The minimum outdoor air damper is interconnected
with the fan starter so that the damper opens as the fan is
started. With the summer position, the maximum outdoor
air damper is closed and the return air damper is wide
open. Normal procedure is to maintain a constant leaving
water temperature from the chiller. Thus, with a constant
entering water temperature to the dehumidifier, the
primary air temperature is at its design maximum during
the peak load condition, but drops as the load on the
dehumidifier decreases. Increased flexibility in room
control is therefore during off-peak operation.
Winter Operation

When the outdoor air temperature is below the
design primary air temperature (50-55 F), the refrigeration
machine is shut off and the summer-winter switch is set in
the winter position. This allows the thermostat in the fan
discharge to modulate the outdoor and return air
dampers to maintain the desired temperature. Thus, the
cool outdoor air is used as a source of free cooling.

If a preheater is used in the minimum outdoor air, a
thermostat located dowstream of the coil is set at a
minimum of 40 F. If a preheater is used in the mixture of
outdoor and return air, a thermostat located dowstream of
the coil is set for about 5 degrees below the fan discarge
thermostat, but not lower than 40 F. The preheater is
inoperative unit only the minimum outdoor air damper is
open.
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CHAPTER 3. MULTI-ZONE UNIT SYSTEM

The all-air Multi-Zone Blow-Thru Unit System that has
heating and cooling coils in parallel is a constant volume,
variable temperature system. It is applied to areas of
multiple spaces or zones which require individual
temperature control.

This system is considered when one or more of the
following conditions exist:

1. The area consists of several large or small spaces to
be individually controlled – a school, a suite 

of offices, an interior zone combining several individual
open floors of a multi-story building.

2. The area includes zones with different exposure and
different characteristics of internal load – a bank 
floor of a building, a large open multi-exposure office
space.

3. The area combines a large interior zone with a
relatively small group of exterior spaces.

4. The area consists of interior spaces with individual
load  characteristics  – radio  and  television  studios.

Examples  of  these  conditions  are  shown  in  Fig. 14.
 The blow-thru system is essentially applicable to

locations and areas heaving high sensible heat loads and
limited ventilation requirements. Applications of high
ventilation requirements need a dehumidifying coil in the
minimum outdoor air with heating available at the heating
coil at all times. This is necessary to prevent the bypass
of humid outdoor air around the cooling coil.

This chapter includes System Features, System
Descriptions, Controls, and Engineering Procedure to aid
in designing a complete multi-zone unit system.

Fig. 14 – Typical Areas Served by a Multi-Zone Unit (s)
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SYSTEM FEATURES
The following are some of the features of a properly

designed multi-zone unit system:
1. Individual Space or Zone Temperature Control –

Zoning problems are solved since each space is 
treated as a zone and is supplied with air

quantities at the proper temperature.
2. Individual Zoning from Minimum Apparatus –

Central station zoning is facilitated by having
available those sizes of prefabricated units which
are most frequently required. The field-assembled
apparatus can be fitted to any requirements.

3. Simple Nonchange-over Operation – Change-over
from summer to winter or vice versa consists of
manually stopping and starting the refrigeration
plant. Space thermostats need be set only once.

4. Simplified AirTransmission and Distribution – Only
single air flow ducts and standard selection of air
diffusers and outlets are needed. The system is
easy to balance.

5. Centralized Conditioning and Refrigeration –
Services such as power, water and drains are
required only in apparatus and machine rooms.

6. Centralized Dehumidification – All air is
dehumidified at the central station; there is no
condition within the conditioned space, thus
eliminating the need for drain pans or piping.

7. Centralized Service and Maintenance – These
functions are easier to accomplish in apparatus and
machine rooms. There is no tracking thru
conditioned spaces.

8. Economy of Operation – All outdoor air can be used
when its temperature is low enough to handle the
cooling load, thus saving on refrigeration machine
operation.

9. Filter Flexibility – Filtration is acomplished at a
central location; therefore, a wide choice of filtration
methods is afforded, based on the desired need or
efficiency.

10. Quiet Operation – All fans and other rotating
equipment are remotely located.

SYSTEM DESCRIPTION
CENTRAL APPARATUS

A multi-zone unit system is shown in Fig. 15. This
apparatus may be a factory-assembled unit, or it may be

field-assembled. However, a majority of the applications
use one or more factory-assembled units, each of which
consists of a mixing chamber, filter, fan, a chamber
containing heating and cooling coils, warm and cold air
plenums, and a set of mixing dampers. The mixing
dampers blend the required amounts of warm and cold
air to be transmitted thru a single duct to outlets in the
zones.
OPERATION EQUIPMENT

A system may incorporate a preheat coil for minimum
outdoor air when system design may require the
maintaining of a higher design temperature of the
incoming outdoor air. For applications where more
exacting humidity control is required, a dehumidifying coil
may be incorporated in the minimum outdoor air. An
exhaust air fan may be added if a positive removal of air
is required. A steam pan, grid or atomizing spray
humidifier may be added for winter humidity control
purposes.
OTHER SYSTEM COMPONENTS

For economic reasons the air transmission system is
designed using conventional velocities. Standard air
distribution outlets are used.

The refrigeration requirements are satisfied by either
direct expansion or water chilling equipment. The heating
requirements are fulfilled by either steam or hot water.
When the latter is used, a separate piping system
connects the apparatus heating coil to the boiler plant.
The chilled and hot water circuits must be distinct entities.
SYSTEM OPERATION

The all-air multi-zone blow-thru system mixes at the
conditioning apparatus the required quantities of warm
and cold air needed by the conditioned space. A single
duct transmits the air mixture at the temperature
necessary to properly balance the space load. Individual
zone thermostats control the mixing dampers at the unit.
The temperature in the cold air plenum, controlled only
during winter operation, is maintained at the design
dewpoint temperature by a thermostat located
downstream of the dehumidifier coil. The hot air plenum
heating coil is activated by a thermostat located outdoors.
This thermostat in the hot air plenum, due to changing
outdoor temperature.
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ENGINEERING PROCEDURE
The design of a multi-zone unit system generally

follows conventional practices. Part 1, Load Estimating,
should be referred to for all information on survey,
preliminary layout and load calculations. Particulars are
discussed in the following text.
ZONING

In dividing an area into zones, similarities of
exposures, internal loads and occupancy must be
considered. Also, the grouping of spaces into zones
should be determined by physical size, arrangement of
constituent spaces, and uniformity of control
requirements. In other words, all exposures and interior
zones should be grouped individually. The character of
occupancy, whether executive, supervisory or general,
may also govern the zoning. For a successful zone
control, the requirement of cooling and heating, both
hourly and seasonal, must be consistant thruout the
spaces constituting a zone. A careful analysis of zoning
should permit a uniform summer dewpoint selection and
a consistent winter heating requirement thruout each
zone.

Figure 16 illustrates the floor plan of an office suite.
The multiple exposure and the occupancy pattern
indicate varying loads both hourly and seasonal. To
maintain the desired temperature conditions in each

space or group of spaces, it is necessary to shift a
portion of the cooling effect from one space to another as

the solar load moves around the building with the sun.
The east exposure has is maximum in the morning while
the west exposure reaches its peak in the late afternoon.

The board room and part of the general offices
constitute the interior zone. The general offices, unless

FIG.15-TYPICAL MULTI-ZONE UNIT SYSTEM

FIG.16-TYPICAL OFFICE SUITE
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directly under a roof, have a constant load thruout the
day. The board room may be occupied or empty at any
time of
the day. The interior spaces usually require cooling
during both summer and winter to offset the major load of
lights, people and perhaps office equipment. Thus, a
careful analysis is indicated, and the only limitation to the
number of zones is the first cost and the size(s) of multi-
zone units required to perform the task.

COOLING LOAD

Peak sensible and latent loads are calculated for
each zone. A peak block estimate is prepared for the
total area served by an individual conditioning apparatus.

The block estimate may result in either the
summation at the same time or a reduced load dominated
by one of the exposures.

The Btu calculations have the following adjustments,
indicated in Fig. 17:

1. Since the system is a blow-thru arangement, the
fan horsepower load is not included in the effective
room sensible heat, but is added to the grand total
heat.

2. Since there is a leakage thru the warm air
dampers, it is necessary that the cooling estimate
of outdoor air bypassing the coil at peak cooling
must be increased approximately 10%. This means
that the bypass factor used in determining the
outdoor air portion of the effective room sensible
and latent heat must be increased by 0.1.

3. If the heating coil is operated in summer, there is
an additional heat gain in the bypass air. This is
accounted for as a part of the effective room

sensible heat load by the use of a supply duct heat
gain factor which is approximately 2-4% of the
room sensible heat. This bypass air heat gain is in
addition to the actual duct heat gain which must
also be included.

The required apparatus dewpoint is calculated from
individual and block load estimates. The dewpoint of the
block estimate is usually the one selected as the
apparatus dewpoint of the system. If one of the individual
zones requires a lower dewpoint temperarture at the
same time as the block estimate peak, an adjustment
may be necessary depending on the size and importance
of the zone.

The block load for the area served by one multi-zone
unit determines the apparatus dewpoint temperature, the
cooling coil load, and the refrigeration requirements. The
instantaneous load for each zone is used to calculate the
zone dehumidified air quantity, and this quantity plus the
10% warm bypass air constitutes the supply air to the
zone.
DEHUMIDIFIED AIR

The dehumidified air quantity for each zone or the
total area is calculated from the peak effective room
sensible heat load using the calculated apparatus
dewpoint and the estimated coil bypass factor selected
from Part 1. The applicable formula is as follows:

Where
cfmda = dehumidified air quantity
ERSH = effective room sensible heat (Btu/hr), for

individual zone or block estimate of all
zones

BF = bypass factor
trm = room temperature (F)
tadp = apparatus dewpoint temperature (F)

The sum of the zone air quantities may be used to
select the apparatus cooling coil. If the block estimate
indicates a wide diversity in the load resulting in a smaller
quantity of dehumidified air, the cooling coil size may be
reduced to handle this smaller quantity.
SUPPLY AIR

The unit supply air quantity is equal to the sum of the
dehumidified air quantities supplied to individual zones
plus the suggested 10% bypass thru the warm air plenum
dampers.

zone cfmsa = cfmda + cfmba =1.1 X cfmda

cfmda = 1.08(1 – BF) (trm – tadp)
ERSH

FIG.17- ADJUSTMENTS TO BTU CALCULATIONS
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unit cfmsa = 1.1(cfmda1 + cfmda2 + … + cfmdan)
Where

cfmsa = supply air quantity
cfmda = dehumidified air quantity. (Subscripts of

da, as in da1, indicate zone dehumidified
air quantities.)

cfmba = warm bypass air quantity
The sum of the zone supply air quantities is the basis

for the selection of the fan. The individual zone supply air
quantities are used to design the air duct transmission
system and select the outlet terminals.
HEATING LOAD

Winter heating load to offset transmission and
infiltration is calculated for each individual zone. The total
requirements and the highest temperature called for in
any one zone form the basis for selecting the heating coil.

Where:
cfmsa = individual zone summer supply air quantity
trm = room temperature (F)
twaw = winter warm air temperature (F)

The heating coil load must take into account the total
area heating requirements and heating of the leakage
thru the cold air dampers. The temperature of the winter
supply air used for cooling approaches the temperature
of the summer apparatus dewpoint which is
approximately 55-60 F. Thus, the heating coil capacity is
determined as follows:

Coil heating load = unit cfmsa X 1.08 X (twaw – tedb)
Where:

cfmsa = total fan supply air quantity
twaw = winter warm air temperature (F), highest

of all zones
tedb = coil entering air temperature (F), the

lowest temperature of outdoor and return
air mixture, or approximately 55-60F

DUCT DESIGN
For design details of the air transmission system and

of air distribution methods, refer to Part2, Air Distribution.
For economic reasons, the air ducts are normally
designed for conventional velocities which also permit the
use of standard air outlets.

Since each duct feeds one or a small number of
outlets, the only requirement is to size the parallel ducts

such that each has an equal or nearly equal pressure
drop. The duct that has a number of outlets must be
designed to provide equal pressure at all outlets. This
means that the particular run of the duct is sized
independently by the static regain method. Balancing
dampers may be required and their use should be
investigated. The return air duct is usually short and,
therefore, may be sized by the equal friction method.
Where space is restricted, the air transmission and
distribution may be designed using high velocity and high
pressure principles. Under such circumstances, the multi-
zone unit system may be converted and adapted to a
dual-duct system.

A properly engineered selection of a multi-zone unit
and a good design of air distribution system minimizes
the need for sound treatment. Normal precaution (Part 2)
should be followed.
CENTRAL APPARATUS

Refer to Parts 2 and 6 for details of equipment.
Normally, the air handling apparatus is a factory-
fabricated multi-zone unit (Fig. 15). Occasionally, for
special or large requirements, the apparatus is
assembled in the field from separate component parts.
Thruout this text, guidance has been indicated
concerning the capacities required of the major
components. However, a few additional details are
necessary.

The fan is sized for an air quantity to satisfy all zones
at their peaks, and is selected to operate at a static
pressure sufficient to overcome the resistance of all
system elements. Specific attention should be given to
possible differences in pressure drops of the parallel
cooling and heating coils; the larger pressure drop
should be used. The zoning dampers should be
proportioned on the basis of air quantities for each zone
at fairly uniform velocities.

To minimize stratification and to assure that all zones
have access to uniform heating, cooling and ventilation,
the outdoor and recirculated air is brought to the unit
across the full width of the unit. Connecting air streams to
either side (or ends) of the unit produces harmful
inequality of air temperatures and quality. Under these
circumstances, the zone control is utterly defeated.
REFRIGERATION LOAD

Select the refrigeration plant to match the
dehumidifier load or, in the case of more than one
dehumidifier, the sum of the dehumidifier loads.
Allowance should be made for diversity of loading if
diversity can occur.

twaw  =   trm  + 1.08  X  cfmsa

individual zone heat loss
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PIPING DESIGN

Design of water, steam and refrigerant piping is
discussed in Part 3, Piping Design.

If hot water is used for winter heating, separate cold
and hot water piping systems should be installed for the
cooling and heating coil. It is extremely important that
both heating and cooling are available during marginal
weather conditions. At these times, while the interior
zones call for cooling, some of the exterior zones may call
for heating.

CONTROLS
PNEUMATIC AND ELECTRIC

Either a pneumatic or electric system may be applied
to regulate the operation of the multi-zone unit and to
control the space or zone temperature with either chilled
water or direct expansion refrigeration. Figures 18 and 19
illustrate respectively the pneumatic and electric

arrangements of controls. The sequence of operation is
the same with either combination.

With direct expansion cooling coils, special attention
should be given to provide flexibility for partial load
control. If the capacity control of a single compressor
does not satisfy the situation, multiple compressors
should be considered in order to prevent compressor
cycling at a minimum load.
SUMMER OPERATION

The minimum outdoor air damper motor M1 (Fig. 18)
is interconnected with the fan starter. As the fan starts,
the minimum outdoor air damper opens. When the
refrigeration is on, the maximum outdoor and exhaust air
dampers close and the return air damper opens (motors
M2 and M3).Normally, the chilled water temperature is maintained
at a constant level and the design quantity of the water is
continuously circulated thru the cooling coils. This
arrangement allows the apparatus dewpoint temperature
to fall at partial load conditions; this reduced temperature

FIG.18-  MULTI –ZONE UNIT SYSTEM CONTROL,
TYPICAL PNEUMATIC ARRANGEMENT
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helps to maintain better humidity conditions as the zone
loads and sensible heat ratis fall.

Each zone thermostat T3 controls a warm and cold
plenum mixing damper motor M4.
WINTER OPERATION

With outdoor air temperatures below the design cold
plenum temperature, the refrigeration source is shut
down. At this time thermostat T1 modulates the outdoor,

return and exhaust air dampers to maintain the desired
cold plenum temperature. The cool outdoor air is utilized
to provide cooling during marginal and winter weather.

Below a predetermined outdoor temperature, the
outdoor thermostat T2 allows full steam pressure or full hot
water flow to the heating coil.

VARIATIONS

Depending on the climate, a preheat coil may be
added to heat the minimum outdoor air; this coil is under
control of the cold plenum thermostat.

If it is desired to precool the minimum outdoor air, a
precooling coil may be added and controlled from the
thermostat located on the leaving side of the coil; this
thermostat is set at the room dewpoint temperature.

If it is desired to hold humidity at a lower level within
zones during the summer, this may be achieved by
turning on the heating coil in the unit; the added heat
calls for an equivalent amount of cooled and
dehumidified air, lowering the room humidity.

If it is desired to add a humidifying effect, the means
of humidification should be controlled from a humidistat
located in the return air path.
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CHAPTER 4. DUAL-DUCT SYSTEM

The all-air Dual-Duct System is well suited to provide
temperature control for individual spaces or zones. This
temperature control is achieved by supplying a mixing
terminal unit with air from two ducts with air streams at
two different temperature levels; one air stream is cold
and the other is warm. The mixing terminal unit
proportions the cold and warm air in response to a
thermostat located in its respective space or zone.

The multi-room building is a natural application for
this system. Many systems are installed in office
buildings, hotels, apartment houses, hospitals, schools
and large laboratories. The common characteristic of
these multi-room buildings is their highly variable sensible
heat load; a properly designed dual-duct system can
adequately offset this type of load.

This chapter includes System Features, System
Description, Engineering Procedure, Controls, and
System Modifications.
SYSTEM FEATURES

The dual-duct system offers many features that are
favorable for application to multi-room buildings where
individual zone or space temperature control is desired.
Some of these features are:

1. Individual Temperature Control – Flexibility and
instant temperature response are achieved
because of the simultaneous availability of cold
and warm air at each terminal unit at all times.

2. Individual Zoning From Minimum Apparatus –
Central station zoning is minimized by having
available at each terminal both heating and
cooling at the same time.

3. Simple Nonchange-over Operation – The space
or zone thermostats may be set once, to control
year-round temperature conditions. Starting and
stopping of the refrigeration machine and boiler is
the only requirement for extreme changes in
outdoor temperatures.

4. Centralized Conditioning and Refrigeration –
Services such as power, water and drains are
required only in apparatus and machine rooms,
and are not needed thruout the building.entralized

5. Servicing and Maintenance – These are
accomplished more easily and efficiently in
apparatus and machine rooms. Less dust and dirt
are tracked thruout the building.

6. Central Outdoor Air Intakes – Building stack
effect and leakage of wind and rain are
minimized. More desirable architectural treatment
may be achieved.

7. Economy of Operation – All outdoor air can be
used when the outdoor temperature is low enough
to handle the cooling load, thus saving on
refrigeration machine operation.

8. Filter Efficiency – Since filtration is accomplished
at a central location, higher filtration efficiencies
are economically attainable to match the
requirements.

9. Quiet Operation – All fans and other rotating
equipment are remotely located.

10. Flexible Air System Design – The choice of
medium or high velocity air transmission can be
made on the basis of economics and building
requirements.

SYSTEM DESCRIPTION
THREE BASIC ARRANGEMENTS

Figure 20 shows three basic arrangements of a dual-
duct system, in each of which the two ducts conveying
the warm and cold air stream and the air terminal units
are of common design.

However, the arrangements of the central station
apparatus differ, depending on the degree of precision
desired in humidity control. In Arrangement 1, during
summer partial load conditions minimum outdoor air may
bypass the cooling coil and travel directly into the warm
duct. Thus, the space or zone relative humidity may rise
above design if heat is not applied to the warm duct. The
addition of heat in summer does add to operating costs.
Figure 21 shows relative humidity at partial loads with
various warm air temperatures when Arrangement 1 is
used.
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FIG.20- TYPICAL DUAL- DUCT SYSTEM ARRANGEMENTS
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In Arrangement 2 a precooloing coil cools and
dehumidifies the minimum outdoor air. Therefore, the
problem of bypassing unconditioned outdoor air thru the
warm duct is eliminated. Operation of both Arrangement
1 and 2 is similar to the operation of either a single-duct
face and bypass system or a multi-zone unit system,
except that in a dual-duct system the bypass warm air
and the cold air are mixed at the terminal unit. It should
be noted also that in both Arrangements 1 and 2 the
dehumidifier and fan are applied in a blow-thru
arrangement.

In Arrangement 3 the dehumidifier and the fan are
shown for a draw-thru arrangement; the total air quantity
is dehumidified before heat is applied to the warm air
stream. Thus, Arrangement 3 is similar in operation to a
straight reheat system. It is used primarily to satisfy
exacting humidity requirements.
CENTRAL STATION APPARATUS

As seen in Fig. 20, there are several variations of the
central station apparatus. Generally, the diagrams show
that:

1. Whatever the arrangement, the dual-duct system
is capable of utilizing 100% outdoor air for cooling
purposes during intermediate seasons.

2. A combination return-exhaust air fan is used to
exhaust excess air to the outdoors and to return
air to the central apparatus in balance with
maximum outdoor air required.*

3. The total supply air is always filtered.
4. Minimum ventilation air may be preheated if

required.
5. The degree of dehumidification is determined by

the apparatus arrangement.
6. Sprays are optional, and may be included where

shown in Fig.20.
Standard methods of refrigeration and sources of

heating are employed to provide the cooling and heating
required to condition the spaces. For ordinary comfort
applications, precise control of humidity is not essential.
However, for economic and comfort reasons during
summer operation, the humidity variations should be
limited to a range of approximately 45-55% rh. During
winter operation lower relative humidities (10-30% rh) are
usually maintained to prevent moisture condensation on
cold surfaces.

*On very small systems it is possible to omit the return air fan,
provide there is a provision to dispose of the minimum ventilation air as
well as the total outdoor air when used for cooling

The dual-duct system may be designed by using
either a high or medium velocity air transmission system
connecting the central apparatus and the terminal units.
On both the blow-thru and drawthru arrangements, care
should be exercised to design the apparatus-to-main-
duct transitions for a minimum pressure loss and noise
generation. Although the terminal units are sound treated,
it may be necessary to additional sound treatment after
the fan to reduce the noise generated by the fan.
DUAL-DUCT TERMINAL

The dual-duct terminal unit is designed to:
1. Supply the correct proportions of the cold and

warm air streams thru thermostatically controlled
air valves.

2. Mix the two air streams and discharge them at an
acceptable sound level.

3. Provide a constant volume of discharge air with
varying duct static pressures.

The individual terminal units are available in
arrangements suitable for either a vertical or horizontal
installation, and may be used with an under-the-window
grille, a side wall grille, or a ceiling diffuser. The horizontal
units are also available with octopus-type adapters to
supply serveral ceiling mounted diffusers. Some of the
large units may be connected to a low pressure duct
system to distribute air thru standard side wall grilles or
ceiling diffusers.

Varying amounts of cold dehumidified air from the
cold duct and either neutral (slightly above room
temperature) or moderately heated air from the warm
duct are supplied to the terminal units to satisfy the
demands of the space or zone thermostat. The cold air
supply at 100% volume is designed to offset the sensible
and latent heat loads and the ventilation requirements of
the space. The warm air is supplied to keep the space or
zone thermostat reduces the cold air flow.

There are two commonly used methods of operating
the warm air portion of the system. The warm air
temperature may be maintained slightly above that of the

FIG.21- PARTIAL LOAD PERFORMANCE OF A DUAL-
DUCT SYSTEM, ARRANGEMENT
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space or zone; it may also be controlled by a return air
hygrostat which raises the temperature as the relative
humidity increases. As the warm air temperature is
raised, the space or zone thermostat calls for less warm
air and more dehumidified air, thus reducing the rising
relative humidity. Another method is to maintain the warm
air temperature at a higher level constantly.

In winter the warm air duct may supply all the heating
requirements of the space or zone served. If the building
has, or is designed to have, peripheral heating, the warm
air temperature is maintained close to the room
temperature.

The dual-duct terminal units are equipped with
dampers (valves), damper actuators, and volume
compensators to provide constant volume, regardless of
varying pressure within the cold and warm air supply
ducts. The terminal unit warm air damper is normally
open. Space temperature is controlled by a thermostat
operating the cold warm air damper actuators to effect a
proper mixture of the two streams to satisfy the load.
ENGINEERING PROCEDURE
BUILDING SURVEY

Before the cooling-heating load can be estimated, a
comprehensive survey of the building must be made. This
assures an accurate evalution of the building
characteristics, nature and extent of loads, and factors
that will direct the establishment of space and zone
combinations and selection of the system arrangements.

TABLE 3 – HEAT GAINS REFLECTED IN LOAD
CALCULATIONS

ARRANGEMENT
Blow - Thru Draw - thru

HEAT GAIN
LOAD
FROM Warm Duct

(heating)
Cold Duct
(dehumid.)

Dehumid.
Warm Duct

(reheat)
Supply Duct heat loss yes yes heat loss
Supply Duct
(leakage loss) yes yes yes --
Supply Fan
Motor yes* yes yes --
Minimum
Outdoor Air yes yes yes --
Return Duct yes yes yes --
Return Duct
(leakage gain) yes yes yes --
Pump -- yes yes --
Dehumidifier
and Pipe Loss -- yes yes --
*  Whether the minimum outdoor air affects the warm air temperature,    precooled or not,
depends on the apparatus layout.

COOLING AND HEATING LOADS
Since a dual-duct terminal unit supplies a constant

volume of air to each space or zone, the specific air
quantity for a space or zone is determined by either the
cooling load, the heating load, or the ventilation needs,
whichever requires the maximum air volume. Therefore, it
is necessary to estimate the cooling load, the heating
load, and the ventilation requirements for each space and
zone.

The peak building load is used to determine the
apparatus dewpoint, which in turn determines the cooling
air requirements. This dewpoint must be checked against
individual space or zone apparatus dewpoints for
possible deviations, and occasionally some compromise
adjustment may be made.

Either the heating load, cooling load, or ventilation air
quantity determines the maximum total air supply to each
space. However, it is necessary to maintain uniform air
change thruout all the spaces in the building. If the air
volume as determined by the cooling load is insufficient,
then the heating load will determine the air volume.

The over-all refrigeration and heating requirements
are established by the totals of the cold and warm air
quantities respectively.

Since the dual-duct system central station apparatus
may be either a blow-thru or draw-thru arrangement, a
different accounting appropriate to each arrangement
should be made of the supply duct heat gain, fan
horsepower heat gain, and duct leakage (Table 3).
Summarizing the preceding, the load estimsting
procedure should:

1. Establish system zones.
2. Calculate the peak room sensible load for each

space (including items from Table 3).
3. Calculate the latent load for each space.
4. Calculate the required apparatus dewpoint for

each space.
5. Select the desired apparatus dewpoint.
6. Calculate the heating load for each space

(including items from Table 3).
The data in Part 1, Load Estimating, should be used

for guidance in survey and load calculations.
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AIR QUANTITIES

Before establishing a procedure for estimating the
volume of cold and warm air streams, certain aspects of
the dual-duct system must be understood. Esentially, this
system is a high pressure system because of high air
transmission velocities and moderately high pressure
drop thru the peak of their cooling or heating demand, all
the spaces and zones receive a constant volume of air,
all cold, all warm, or a mixture of each. In summer the
warm air duct supplies air above room temperature. This
condition occurs because of the outdoor air and return air
pick-up (duct and return air fan horsepower). In winter the
cold air temperature is slightly warmer than it is in
summer, and is maintained between 55 F and 60 F.

In summer he peak the space or zone terminal unit
which is not at the peak of is cooling demand admits
some air that is warmer than the room air. This bypass air
has to be cooled. Therefore, the terminal rebalances the
amount of cold air. In winter the reverse is ture. Within
both ducts there are also variations of flow and pressure
which must be compensated for by the terminal unit.

The effects of a terminal unit which create additional
bypass are (1) a variable pressure behind the damper,
(2) and internal volume compensation, (3) a temperature
difference between the two streams of air, and (4)
construction characteristics of the terminal itself. This
bypass air is either warm at the peak of summer cooling
requirements or cold at the peak of winter heating
requirements.

The following procedure establishes the various air
quantities involved in the design of the dual-duct system:

1. Individual space or zone air quantity (cfmsa) is
established on an individual maximum of cooling or
heating load, or ventilation requirements.

These cfm air quantities, at their maximum values for
each space and zone, are the basis for the total supply
air required by this duai air quantities determined, plus
10-20% margin to allow for leakage.

2. Total air supply (cfmta) is the sum of all maximum
air quantities to effect individual space or zone cooling,
heating or ventilation. This is the fan design air volume.
This total cfm quantity is also the sum of the cold and
warm air quantities arrived at in Steps 3 and 4, plus
respectively the summer or winter bypass air discussed
previously.

cfmta = sum of individual maximums OR
= cfmca + cfmba (summer) OR
= cfmwa + cfmba (winter)

3. Cold air quantity (cfmca) is based on the sum of the
peak cooling sensible heat gain and the heat load of the
bypass air.

Combining with the summer equation in Step 2 results in:

Where:
ERSH = building peak gain
BF = bypass factor of a dehumidifier, generally

assumed between 0.03 and 0.10
This is the air quantity for which the dehumidifying coil is
selected and the cold air duct transmission system is
designed.

4. Warm air quantity (cfmwa) is based on the sum of
the peak heating sensible heat loss and the heat load of
the bypass air.

Combining with the winter equation in Step 2 results in:

This is the air quantity for which the heating coils for the
warm air duct may be selected and the warm air duct
transmission system is designed. Refer to Duct Design for
other possible warm air quantities that may be substituted
in the equation for cfmwa; this may result in a different
design warm supply air temperature (twaw).

5. Minimum outdoor air(min cfmoa) quantity is the
design ventilation air. This air quantity is the basis for
sizing the minimum outdoor air dampers, preheaters
(when used), and precooling coils (when desired).

6. Maximum outdoor air (max cfmoa) and return air
(cfmra) are the same quantities.

max cfmoa = cfmra = cfmta – min cfmoa

This air quantity is used to size the maximum
outdoor air dampers and the return air duct system,
together with its fan and exhaust and return air
dampers.

NOTE: The various terms used are defined as follows:

 = 1.08 (twaw – trmw)
heat loss OR

Cfmsa = 1.08 (trms – tsa)
ERSH OR

=  cfmoa

cfmca = ERSH + [cfmba X 1.08 (twas – trms)]
1.08 (trms – tadp)(1 – BF)

cfmca = ERSH + [cfmta X 1.08 (twas – trms)]
1.08 [twas – trms BF – tadp (1 – BF)]

cfmwa =
heat loss + [cfmba X 1.08 (trmw –

1.08 (twaw – trmw)

Cfmwa =
heat loss + [cfmta X 1.08 (trmw –

1.08 (twaw – tcaw)
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cfmsa = individual supply air quantity (space or zone)
cfmca = cold supply air quantity
cfmwa = warm supply air quantity
cfmba = bypass supply air quantity
cfmta = total supply air quantity
min cfmoa = minimum outdoor air quantity (ventilation)
max cfmoa = maximum outdoor air quantity
tadp = apparatus dewpoint temperature
tsa = supply air temperature (apparatus dewpoint

plus heat gain to terminal)
trms = room temperature in summer (at design

condition)
trmw = room temperature in winter (at design

condition)
twas = warm air temperature in summer (at room

design temperature plus return air heat gains
or an  assumed design value)

twaw = warm air temperature in winter (120-140 F)
tcaw = cold air temperature in winter (55-60 F)
BF = dehumidifier bypass factor (0.03 to 0.10)
ERSH = effective room sensible heat
DUCT DESIGN

The supply (cold and warm) duct air transmission
system are generally designed using a medium or high
velocity air transmission system. Since the dual-duct
system is a variable volume system, the method of duct
design is not critical. The static regain method is used for
the branch risers or headers which feed zones on the
same exposure or with similar loadings. The main
headers or branches feeding zones with divergent
loading may be sized by either the static regain or equal
friction method. Ductwork systems sized by the static
regain method usually require lower fan horsepower, and
maintain better system stability at all times.

The warm duct air quantity (cfmwa) is greatest when
the need for cold air is the least. This condition occurs
during marginal weather in the exterior areas and at no
load in the interior areas. The warm air duct is usually
sized to handle 80-85% of the cold air quantity (cfmca)determined in Step 3. At times the warm air duct sized for
50-60% of the cold air quantity (cfmca), but at the expense
of high temperature operation.

The return air duct for this system is usually based on
low or medium velocities and sized by the equal fricition
method.

Part 2 should be used as a guide to duct sizing;
specifically, a high velocity dual-duct air transmission
system should adhere to the following rules:

1. No dampers or splitters are to be used.
2. All rectangular elbows are to be vaned.

3. Number of offsets is to be at a minimum.
4. Sufficient lenghs flow disturbances caused by

fittings or offsets.
5. Conical take-offs are to be used when higher

velocities are applied.
INSULATION

For application that have basically a constant load.
Normal practice is to determine whether duct insulation is
required from supply heat gain calculations. On variable
load applications the amount of insulation required is
determined by making the heat gain check when a partial
load exists. At this time the supply air volume is reduced
with a corresponding decrease in air velocity, resulting in
higher duct heat gains or losses. Insulation may be
applied on the inside of the duct to increase sound
attenuation. Normal considerations apply when insulating
other elements of the mechanical equipment.
CENTRAL APPARATUS

The central air conditioning apparatus is selected for
the sum of the maximum air quantities supplied to each
space or zone. This total supply air is used to select the
supply air fan which operate at a static pressure sufficient
to overcome the resistance of the apparatus and air
transmission components. Included in this resistance are
pressure drops from the outdoor air intake to the
beginning of the supply air duct, the critical run of the
supply air duct, and the terminal unit and outlet
combination. The duct connection loss between the
terminal unit and outlet is also included.

Since the dual-duct system may be designed in
either blow-thru or draw-thru arrangements, several
special aspects in equipment selection peculiar to these
arrangements must be considered. Table 4 shows the
apparatus components, including their function and
location in either one of these arrangements.

Fans in a blow-thru arrangement should have
perforated plates placed in front of the air discharge and
at the heating and cooling coils to distribute the air
evenly. To regulate the fan discharge air pattern in a more
efficient manner, an evase’ section should be used. Its
length should be 1½ to 2 times the fan discharge
equivalent diameter.

The dehumidifiers, usually a dry coil type (using
sprays if needed or desired), should be selected to cool
and dehumidify the air mixture from entering conditions to
the apparatus dewpoint determined previously. At times it
may be desirable to operate the selected dehumidifier at
a lower dewpoint to compensate for possible irregularities
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apparatus arrangement that may contribute to excessive
bypassing of outdoor humid air.
TABLE 4 – FUNCTION AND LOCATION OF CENTRAL

APPARATUS COMPONENT

FUNCTION AND LOCATION
Arrangements

APPARATUS
COMPONENT

Blow - Thru Draw - Thru
Preheater Minimum outdoor Minimum outdoor
(if required) air air
Precooler Minimum outdoor --
(if desired) air
Fan Discharge into Discharge into

plenum supply duct
(70% discharge Fan to duct
velocity press. conversion loss

Loss) Or gain
Dehumidifier Cold air duct Total supply air

volume volume
Reheater On return air On dehumidifier

discharge from cooled air from
supply fan supply fan

Dual purpose: Dual purpose:
summer humidity summer reheat

winter heating (by pass)
winter heating

Sprays humidifying at Winter - summer
(optional) dehumidifiers humidifying at

dehumidifiers

The dehumidifier capacity is calculated by the
following formulas:

For a blow-thru arrangement
Dehumidifier load = cfmca X 4.45(hea – hadp)(1 – BF)
For a draw-thru arrangement
Dehumidifier load = cfmta X 4.45(hea – hadp)(1 – BF)

Where:
cfmca = cold supply air quantity
cfmta = total supply air quantity
hea = enthalpy of the entering air mixture
hadp = enthalpy of the apparatus dewpoint
BF = dehumidifier bypass factor
In either a blow-thru or a draw-thru arrangement, the

reheater is selected to heat the warm air quantity from the
design winter cold air temperature to the required warm
air temperature. This selection provides enough capacity

in a draw-thru arrangement to reheat the air in summer
from the fan discharge temperature (apparatus dewpoint
plus supply fan horsepower heat gain) to room
temperature.

It is recommended that reheaters be selected with
about 15-25% excess capacity to provide for morning
pick-up and duct heat losses.

The minimum outdoor air precooling coils (Fig. 20,
Arrangement 2) should be designed to cool the minimum
outdoor air from outdoor design conditions to the room
dewpoint level.

The outdoor air intake screen, louvers, minimum and
maximum dampers, minimum outdoor air preheat (if
required), return air fan and dampers, and air filters are
selected for both blow-thru and draw-thru arrangements,
using standard procedures outlined in Part 2 and 6. The
degree of filtration desired determines the filter selection.
REFREIGERATION LOAD

The refrigeration load is determined by the sum of the
requirements called for by dehumidifiers and precooling
coils (if used). This sum assumes that the component
cooling equipment is operating at its peak. The
refrigeration machines may be the reciprocating,
absorption centrifugal type.
CONTROLS

The diagram shown in Fig. 22 illustration the control
elements required for the dual-duct system shown in Fig.
20, Arrangement 1. Either electric or pnematic (shown)
type may be used. The sequence of operation is the
same, regardless of which one is used.
CENTRAL APPARATUS CONTROL
Summer Operation

When the summer-winter switch is in the summer
position, the cold air duct thermostat T1 is inactivated,
closing the exhaust air and maximum outdoor air
dampers and opening the return air dampers. The
temperature leaving the dehumidifier is not controlled,
except for maintaining either the entering chilled water
temperature of the water coil or the evaporator
temperature of the direct expansion coil. This limits the
supply air temperature during peak load conditions, but
allows it to decrease as the load on the dehumidifier
decreases; thus, the room relative humidity may be
slightly improved under partial load conditions. The
electric-pneumatic switch on the minimum outdoor air
damper is interconnected with the fan starter so that the
damper opens as the fan is started. Since the outdoor
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temperature is above their set point, the preheater and
reheat controls do not normally function.

Marginal Weather and Winter Operation

When the outdoor air temperature is below the design
coil air supply temperature, the refrigeration machine is
shut off and the summer-winter switch is set in the winter
position. This allows the cold air duct thermostat T1 to

modulate the maximum outdoor and return air dampers in
conjunction with exhaust air dampers, to maintain the
desired cold air duct temperature. Thus, cool air is used
as a source of free cooling. The submaster thermostat T2air thermostat T3 and maintain the desired schedule of
temperatures In the warm air duct. If a preheater is
required, the thermostat T4 after the preheater coil is set
at a minimum of 40 F.

UNIT CONTROL

Each space or zone thermostat T5 controls the warm
air damper in each terminal to maintain the desired space
or zone temperature. A constant volume compensator in
the terminal unit maintains a constant supply air quantity
by controlling the cold air damper.
SYSTEM MODIFICATIONS
TWO FANS

Both Arrangements 1 and 2 (Fig. 20) may be
modified by the use of two fans instead of a single fan,
each handling about 50% of the total supply air required
by the system (Fig. 23). This modification has two bypass,
one before the fans and one after the fans. The latter is a
plenum into which both fans discharge, supplying air into
the cold and warm air ducts. One fan handles the
minimum outdoor air at all times and is supplemented by
all outdoor air, all return air, or a mixture of outdoor and
return air. The other fan handles primarily the return or
outdoor air, or a mixture of both. The room humidity
conditions are improved and the bypassing of the
minimum outdoor air is least when the warm duct air is
less than half of the total air. The advantage of the two fan
modifications is that in winter only one fan needs to
operate to supply heating under load conditions when
only heating is required, i.e. at night and over weekends.
The terminal unit volume compensator must be
inactivated; then the space or zone thermostat operates
the warm air damper (valves).

FIG.22 – DUAL- DUCT SYSTEM  CONTROL,
TYPICAL PNEUMATIC ARRANGEMENT
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HUMIDITY CONTROL

Another minor modification that may be incorporated
is the activating of the reheater in summer to improve
room humidity. Under this arrangement the reheater is
partially controlled by a hygrostat located in the return air
duct. By admitting warmer air, the terminal must

compensate by increasing the amount of cold
dehumidified air.

A further modification is the decreasing of the warm
air quantity by reheating it in summer to higher than room
temperature, permitting closer humidity control but at an
economic disadvantage.

FIG.23 – TYPICAL DUAL-FAN, DUAL-DUCT SYSTEM ARRANGEMENT
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CHAPTER 5. VARIABLE VOLUME, CONSTANT
TEMPERATURE SYSTEM

The all-air Variable Volume, Constant Temperature
System is well suited for many applications. Among these
are applications for which a relatively constant cooling
load exists year round, i.e. interior zones of an office
building and department stores.

Other applications for which this system should be
considered are those with variable loads having a
serviceable steam or hot water heating system and for
which only summer cooling is desired. Examples are
existing buildings such as office buildings, hotels,
hospitals, apartments and schools.

This chapter includes System Feature, System
Description, Controls, system Modifications and
Engineering Procedure for designing a complete variable
volume, constant temperature system.
SYSTEM FEATURES

The variable volume, constant temperature system
offers many features that are favorable for its application
to interior zones and where only summer cooling is
required. Some of these features are:

1. Economical Operation – Since the volume of air is
reduced with a reduction in load, the refrigeration
and fan horsepower follows closely the actual air
conditioning load of the building. All outdoor air is
available during intermediate seasons for free
cooling.

2. Individual Room Temperature Control – A
nonreversing thermostat and volume damper
controls the flow of supply air to match the load in
each space, giving simplified control. The flow of
air literally follows the load around the building.

3. Simple Operation – Change-over from summer to
winter or winter to summer operation is obtained
by stopping or starting the refrigeration
equipment manually.

4. Minimum Apparatus – Zoning by areas is not
required because each space supplied by a
controlled outlet is a separate zone.

5. Low First Cost – This system is extremely low in
first cost when compared to other systems that
provide individual space control, because it
requires only single runs of duct and a simple
control at the air terminal. Also, where diversity of
loading occurs, smaller equipment can be used.

6. Centralized Conditioning and Refrigeration –
Services such as power, water and drains are
required only in apparatus and machine rooms,
and are not necessary thruout the building.

7. Centralized Service and Maintenance – These
services are more easily accomplished in
apparatus rooms, resulting in more efficient
maintenance and service with less dust and dirt
tracked thruout the building.

8. Central Outdoor Air Intake – Leakage of wind and
rain and building stack effect are minimized. This
allows a more desirable architectural treatment.

SYSTEM DESCRIPTION
There are many variations that can be applied to this

system. The following is a description for a system that
may be applied to interior zones where the load is fairly
constant.

The room outlet delivers completely filtered, humidity-
controlled air during all seasons. Individual space
temperature control is accomplished by modulating the
air quantity to match the required space load.

The air handling apparatus conditions the air and
supplies either a mixture of outdoor and return air or
100% outdoor air to the terminal
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unit. The apparatus contains filters to clean the air,
preheaters (if required) to temper cold winter air, and a
dehumidifier to remove excess moisture and cool the
supply air. For a typical variable volume, constant
temperature system, see Fig. 24.

A constant leaving temperature is maintained in the
fan discharge during intermediate and winter seasons
when the refrigeration machine is not operating.

A high or low velocity air distribution system is used
to move the air from the apparatus to the room terminal
units. When required, a sound absorber is used to reduce
the noise generated by the fan.

The dehumidifier may be supplied by either a direct
expansion or chilled water refrigeration system.
ENGINEERING PROCEDURE

The procedure for designing a variable volume
system is similar to the procedure for designing any all-air
system. Part 1 can be used as a guide for the survey and
preliminary layout and for determining cooling loads and
air quantities.

COOLING LOAD

The module concept is often used for determining the
area to be conditioned by each terminal unit. This allows
for flexibility in relocating partitions (if and when required).
It is common practice to design for future modernization
of existing building and possible shifting of loads in both
new and existing buildings.

Both sensible and latent load calculations are made
for each space. On interior applications the load is often
determined on a square foot basis and multiplied by the
number of square feet in the interior zone. Exterior
applications require a minimum of one peak load estimate
for each exposure and an additional estimate for unusual
spaces.

A block load estimate is made for the entire area that
is to be supplied from each fan system. This is made at
the peak cooling load condition and includes factors for
diversity of lights and people (if applicable).
AIR QUANTITIES

The air quantity required is calculated for each
typical space by using this formula:

cfmda = ERSH
1.08 (1 – BF)(trm – tadp)

FIG.24 – TYPICAL VARIABLE VOLUME ,CONSTANT TEMPERATURE SYSTEM
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Where:
cfmda = dehumidified air quantity
ERSH = effective room sensible heat
BF = dehumidifier coil bypass factor
trm = room temperature
tadp = apparatus dewpoint temperature
The air quantity determined from this formula is used

for outlet selections and duct sizing. The apparatus
dewpoint temperature used in the formula is selected as
being the most representative of the majority of  the
spaces. ERSH is obtained from the load estimates for
each typical space.

The fan and dehumidifier air quantity is calculated
using the same formula. ERSH is found from the block
estimate, and the apparatus dewpoint temperature is that
which has been selected previously. A factor of 5% is
added to the calculated air quantity to allow for space
overcooling, since in some areas temperature settings
are below room design; this means that zone which peak
at the time of maximum loading do not receive full
cooling unless there is excess air available.

As with other all-air systems, the air quantity supplied
to each terminal must have sufficient capacity to offset
the sensible and latent load. Since temperature control is
maintained by varying the air volume, partial load
characteristics of the space should be analyzed for the
resulting relative humidity and reduced air quantity.

Chapter 1 illustrates the maximum expected relative
humidity at different load conditions. In this conference
room, as the sensible load drops, a condition is reached
eventually where the only load in the room is from people.
This is noted on the chart as point A. To obtain a further
reduction in load, it is necessary for the people to leave
the room. Therefore, to the left of point A the latent load is
decreasing as is the sensible load, and the relative
humidity remains practically constant at the maximum of
63% for this particular application.

Chart 1 shows also the reduction in supply air
quantity as the sensible load is reduced. To maintain a
reasonable room air motion, it is desirable to use an outlet
which maintains a high induction ratio as the supply air
quantity is reduced.

CHART  1 – SYSTEM  PERFORMANCE  AT  PARTIAL  LOAD
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FAN SELECTION

The supply fan is selected for the calculated air
quantity and the static pressure required. This fan can be
picked from performance curves or tables, and should be
selected near the point of maximum efficiency, preferably
between the points of peak efficiency and free delivery. In
addition, the fan motor brake horsepower must be
obtained from these curves or tables. The motor should
be selected to allow the fan to supply 20% excess air
without overloading; this can avoid motor overload on
early morning start-up. With either backward-or forward-
curved fan blades, it is advisable to use controlled inlet
guide vanes to improve partial load efficiencies.

When a return air fan is required (as in larger
buildings), it can be used for exhaust purposes during
intermediate seasons whenever the refrigeration
equipment is off and all outdoor air is used for cooling.
The fan either returns air to the system or exhausts air to
the outdoors. Normally, the minimum outdoor air quantity
introduced for ventilation purposes is removed thru
service exhausts.

The air flow thru the return air fan must be balanced
with the air flow thru the supply fan. When the supply fan
is throttled, the quantities of return and outdoor air are
reduced proportionally; therefore, the inlet vanes of the
return air fan must be throttled simultaneously in the same
proportion. Thus, the return air fan has inlet vanes acting
in unison with the inlet vanes of the supply fan.
DEHUMIDIFIER

The dehumidifier load is calculated by using this
formula:

Load = 4.45 X cfmda X (1 – BF)(hea – hadp)
Where:

cfmda = dehumidified air quantity
hea = entering air enthalpy
hadp = apparatus dewpoint enthalpy
BF = bypass factor
The entering air condition is generally a mixture of the

minimum outdoor air and the return air. Outdoor air is
assumed to be at the maximum design temperature.
Return air is assumed to be at a temperature equal to the
inside design temperature plus any temperature rise due
to return duct and fan heat gains and return duct leakage.

REFRIGERATION LOAD

The refrigeration load is determined by the peak
building or block estimate of the air conditioned areas.
DUCT DESIGN

Ductwork for the variable volume is designed using
Part 2 as a guide.

Although methods of duct sizing such as equal
friction or velocity reduction may be used, the static
regain method is preferred. A system designed by the
static regain method is almost self-balancing because it
is designed for the same static pressure at each terminal.
This helps to maintain system stability. In addition, a
properly designed static regain system results in a
reduced fan horsepower.

The use of either a low or high velocity duct system
can be determined by the space available for the supply
air ducts. Low velocity systems are simpler to design and
usually result in lower owning and operating costs. On the
other hand, these systems require more space.

When high velocity is used, Class II fans are usually
required for the increased static pressure. Extra care
must be taken in duct layout and construction. A good
layout requires particular attention to the selection and
location of fittings to avoid excessive pressure drops and
possible noise generation problems.

Since this is a variable volume system and the supply
air quantity varies directly with the load, duct construction
is important. In areas where there is a complete absence
of load, duct pressure can build up almost to the fan
discharge pressure and, consequently, it is necessary to
construct the ducts for that pressure. The ducts must not
only with-stand a variable pressure, but must also be
sealed to prevent air leakage.

The outlets should be selected in conjunction with the
fan so that they do not create an objectionable noise
when they throttle against the maximum static pressure
developed by the fan.
INSULATION

For applications such as interior zones that have a
constant load, normal practice is to determine from the
calculation of the supply air heat gain whether insulation
is required. On variable load applications the amount of
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insulation required is determined by making the heat gain
analysis when a partial load exists since, at this time, the
supply air volume is reduced with a corresponding
decrease in air velocity.
CONTROLS

A suggested control diagram for a variable volume
system is shown in Fig. 25 and a discussion of controls
for the unit and air handing apparatus follows.
UNIT CONTROL

Although either manual or automatic control can be
used for the air terminal, a automatic control is preferred.
With automatic control, a constant room temperature may
be maintained, regardless of changing load conditions,
when the system is applied to spaces such as interior
zones that always require cooling. In such cases, since
the air is always cool, a simple nonreversing thermostat is
used to control the air flow volume regulator. Duct
pressure is controlled by the fan inlet vanes to prevent
over-blow and excessive throttling at the terminal unit.

Several air terminals may be controlled from one
thermostat centrally located to insure that the temperature
sensed is representative of the average room

temperature. Also, consideration should be given to
possible future relocation of partitions.
CENTRAL APPARATUS CONTROL

Either electric or pneumatic control may be used for
the central apparatys; the sequence of operation is
identical.
Summer Operation

The minimum outdoor air damper is interconnected
with the fan starter so that the damper opens as the fan is
started. With the summer-winter switch in the summer
position, the maximum outdoor air damper is closed and
the return air damper is wide open. Normal procedure is
to maintain a constant leaving water temperature from the
refrigeration plant. This limits the supply air temperature
during peak load conditions, but allows it to decrease as
the load on the dehumidifier decreases; thus, increased
flexibility in room control is provided during off-peak
operation.
Winter Operation

When the outdoor temperature is below design
supply air temperature, the refrigeration machine is shut
off and the summer-winter switch is set in the winter
position. This allows the thermostat in the fan discharge to
modulate the outdoor and return air dampers in
conjunction with the exhaust dampers, in order to
maintain the desired leaving air temperature. Thus, cool
outdoor air is used as a source of free cooling. If a
preheater is used in the minimum outdoor air, the
thermostat after the preheater is set at a minimum of 40 F.
SYSTEM MODIFICATIONS
REHEAT COIL

For applications in which the space temperature is
allowed to drop below normal design at night or over
weekends, and a separate source of heat in the space is
not available, a reheater should be installed in the central
apparatus. If only part of the building is without heat, the
reheat should be installed in the ductwork supplying that
part of the building.

The reheater should be designed to heat the required
air quantity from the normal dupply air temperature (50-55
F) to 15 degrees above the room design temperature.
The reheater can be controlled by opening a manual
valve in the steam line for a short time following start-up.
The fan discharge thermostat must be deactivated during
operation of the reheater in the central apparatus.

FIG.25 – VARIABLE  VOLUME, CONSTANT TEMPERA-
TURE CONTROL, TYPICAL PNEUMATIC ARRANGEMENT
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Provision must be made in the controls to allow the
room control damper to open when warm air is being
supplied. With pneumaticcontrols the main line control
pressure to the reverse acting room thermostats is
reduced to zero so that the dampers assume their
normally open position.

When self-contained controls are used, a thermally-
operated warm-up switch is available for this same
purpose.
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CHAPTER 6. DUAL CONDUIT SYSTEM

The all-air Dual Conduit System* is a modern central
station system that can be applied to multi-zone buildings
such as schools, offices, apartments and hospitals, for
areas that have a reversing transmission load and require
individual room temperature control. It can be adapted
easily to areas that have variable cooling and heating
requirements caused by sun, outdoor temperature and
internal loads. Generally, its application is similar to the
dual-duct system, but with a more economical first cost.

This chapter includes System Features, System
Description, Engineering Procedure, Controls, System
Modifications and Air Terminal Units.
SYSTEM FEATURES

The Dual Conduit System offers many features that
are favorable for its application to multi-zone buildings
where individual room temperature control is desired.
Some of these features are:

1. Smaller Duct Sizes - Both primary and secondary
air streams are used to offset the summer peak
load. Therefore, the duct sizes are smaller
because the combined areas of the two ducts are
utilized for summer cooling, instead of one duct
supplying cold air and the other supplying neutral
air.

2. Flexible Air Distribution - The supply air (Fig. 32)
can be distributed from many locations: under the
window, form the ceiling, or from the side wall. In
addition, the two air streams can be separated so
that the primary air is distributed from under the
window, at the ceiling, or from the side wall, while
the secondary air is distributed from another of
these locations.

3. Economical Operation - During night and
weekend operation in winter, only the small
primary air fan is operated. As in most all-air
system, outdoor air is available to provide free
cooling during intermediate season operation.

4. Centralized Conditioning and Refrigeration
Equipment - Services such as power, water and
drains are required only in the apparatus rooms
and not thruout the building.

5. Centralized Service and Maintenance - These
functions are more easily accomplished in
apparatus rooms where maintenance and service
are more efficient. This means there is less dirt
and dust tracked thruout the building.

6. Central Outdoor Air Intake - Building stack effect
and leakage of wind or rain are minimized. This
allows a more desirable architectural treatment.

7. Simple Operation - Change-over From summer to
winter or winter to summer consists of stopping or
starting the refrigeration plant manually.

8. Individual Room Temperature Control - A
nonreversing thermostat and a volume damper
are used to control the flow of secondary air to
maintain the desired room temperature.

9. Quieter Rooms - Mechanical equipment is
remotely located; therefore, vibration is easier to
control.
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FIG.26 – TYPICAL DUAL CONDUIT  SYSTEM , DUAL – FAN, DUAL APPARATUS
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SYSTEM DESCRIPTION
The system is designed to supply two air streams to

exposures that have a reversing transmission load.
One air stream called the secondary air is cool the

year round, and is constant in temperature and variable in
volume to match the capacity required for the changing
cooling load caused by sun, lights and people. Therefore,
the secondary air is a constant temperature, variable
volume air stream.

The other air stream called the primary air is constant
in volume, and the air temperature is varied to offset
transmission effects; it is warm in winter and cool in
summer. The primary air is, therefore, a constant volume,
variable temperature air stream.

Various central station arrangements can be used to
provide the air temperatures and volumes required for
practical temperature control. Two of these are
describled under System Modifications.

A dual fan, dual apparatus system is described here
and illustrated in Fig. 26.

The primary air apparatus conditions the air and
supplies a mixture of outdoor and return air to the room
terminals. The apparatus contains filters to clean the air,
preheat coils (as required) to temper cold winter air, a

humidifier (if desired) to add winter humidification. and a
dehumidifier to remove excess moisture and cool the
supply air. The primary air stream contains a reheat coil
controlled by a master-submaster thermostat
arrangement, the function of which is to adjust the air
temperature to match the building transmission affects.
Outdoor air is admitted to the apparatus thru a rain louver
and screen.

The secondary air apparatus conditions the air and
supplies all return air, a mixture of outdoor and return air,
or all outdoor air, depending on the season. The
apparatus contains filters to clean the air and a
dehumidifier to remove excess moisture and cool the
supply air. A thermostat located in the fan discharge
modulates the outdoor and return air dampers to maintain
a constant leaving temperature during seasons of
nonoperation.

Air from both the primary and secondary apparatus is
delivered to the room terminal units thru ductwork. Normal
practice requires the use of a high velocity air distribution
system for the primary air and either high or medium
velocities for the secondary air.

A refrigeration and heating plant is necessary to
complete the system.
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ENGINEERING PROCEDURE
The following is a guide for designing a Dual Conduit

System for air conditioning the exterior zones of a multi-
room building. Several methods can be used in the
design of this system; one is presented here and
supplemental ideas are presented under System
Modifications.

The first method is similar to the design of an air-
water induction system and is based on the principle that
the primary air system offsets the transmission gains or
losses, handles the latent load, and supplies the
ventilation air requirements. In this instance, the
secondary air offsets the sensible heat loads of the sun,
lights and people in the space.

Part 1 contains information for making a survey and
preliminary layout and for obtaining factors required to
determine heating and cooling loads.
AIR QUANTITIES

The following procedure is suggested to aid in
determining the primary and secondary air quantities:

1. Divide the area to be conditioned into modules
that can be supplied by one or more terminal
units. These modules may be as small as a one
man office in a building or as large as a forty pupil
classroom in a modern school.

2. Calculate the cooling load for a typical module on
each exposure and for nontypical spaces such as
top floor and corner rooms.

3. Calculate the A/T ratios (Example 1) for the area
to be conditioned. These are based on design
temperatures, and are found by applying the
following formulas. The largest A/T ratio is
selelcted for the design. This ratio is used to
select the reheat schedule from Table 5.

Where:
toas = summer outdoor air temperature
trms = summer room temperature
toaw = winter outdoor air temperature
trmw = winter room temperature
tpas      = summer primary air temperature, usually

taken as 56 F (based on an apparatus dewpoint of 48 F
and a  temperature rise of 8 degrees for fan
and duct heat gain).

tpaw     = winter primary air temperature, usually
taken as 125 F (a suggested limit because of excess duct
heat  losses at higher temperatures).

Example 1 – Calculation of A/T Radio
Given:

toas = 95 F trmw = 72 F
toaw = 0 F tpas = 56 F
trms = 75 F tpaw =125 F

Find:
Design A/T ratio

Solution:

The larger design A/T ratio (1.26) is selected
Example 2 – Calculation of Transmission Per Degree
Given:

Typical modules as shown in Fig. 27
U wall = 0.30 Btu/(hr) (sq ft) (deg F temp diff)
U glass= 1.13 Btu/(hr) (sq ft) (deg F temp diff)

Find :
Transmission per degree for each of the typical module

rooms 1,2 and 3.
Solution :

Room 1 :
glass area  = 5 X 8 = 40 sq ft
wall  area    = (10 X 10) – 40

     = 60 sq ft
transmission per degree
= (wall area X U wall) + (glass area X U glass)
= (60 X 0.30) + (40 X 1.13) = 18 + 45.2
= 63.2 Btu/(hr)(deg F temp diff)

Room 2 :
glass area  = 5 X 8 = 40 sq ft
wall  area    = (15 X 10) – 40

     = 110 sq ft
transmission per degree
= (110 X 0.30) + (40 X 1.13) = 33 + 45.2
= 78.2 Btu/(hr)(deg F temp diff)

Room 3 :
glass area  = (10 X 8) + (5 X 8) = 120 sq ft
wall  area    = [(15 X 15) X 10] – 120

     = 180 sq ft
transmission per degree
= (180 X 0.30) + (120 X 1.13) = 54 + 135.5
= 189.5 Btu/(hr)(deg F temp diff)

A/T ratio (summer) =
toas - trms

1.08 (trms – tpas)

A/T ratio (winter) =
trmw – toaw

1.08 (tpaw – trmw)

A/T ratio (summer) toas - trms

1.08(trms – tpas)
=

95 - 75
1.08 (75 – 56) = 0.98

A/T ratio (winter)   = trmw – toaw

1.08(trms – tpas)
=

72 - 0
1.08 (125 – 72)

= 1.26

=
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4. Calculate the transmission per degree for each
typical module (Example 2).

5. Find the primary air quantity for each module
(Example 3) by multiplying the transmission per
degree by the A/T ratio from Step 3.

6. Calculate the peak sensible load for each typical
module, neglecting the transmission (Example 4).
This is

called the secondary load and includes the solar
heat gain and the internal loads composed mainly
of people and lights.

7. Calculate the secondary air quantity for each
module (Example 5) by using the formula:

where:
trms = summer room temperature
trms = secondary air temperature, usually

selected as 55 F. (This allows 5 degrees
for duct heat gain and fan heat, using
50 F as the apparatus dewpoint.)

8. The air quantity used to select the primary air fan
and apparatus is determined by adding together
the primary air quantities for each individual
space.

9. The total secondary air quantity used to select the
secondary air fan and apparatus is determined by
calculating the block estimate secondary load for
the entire conditioned area, adding 5% to provide
capacity for space overcooling, and substituting
this load in the formula from Step 7   

Example 3 – Calculation of Primary Air Quantities
Given:

Typical floor plan (Fig. 27)
A/T ratio = 1.26
Transmission per degree
Room 1 : 63.2 Btu/(hr)(deg F temp diff)
Room 2 : 78.2 Btu/(hr)(deg F temp diff)
Room 3 : 189.5 Btu/(hr)(deg F temp diff)

Find :
Primary air quantities for each typical space

Solution :
cfmpa = A/T ratio X transmission per degree

Room 1 : cfmpa = 1.26 X    63.2   = 80 cfm
Room 2 : cfmpa = 1.26 X    78.2   = 99 cfm
Room 2 : cfmpa = 1.26    X  189.5  = 239 cfm

Example 4 – Calculation of Secondary Loads
Given:

Typical floor plan (Fig.27)
People load = 100 sq ft per person
Lighting load = 4 watts/sq ft fluorescent lights
Solar heat gain from Part 1

Find:
Secondary loads for Rooms 1,2 and 3

Solution:
Room 1 :

People load   = people X Btu/(hr)(person)
        = 1 X 215 = 215 Btu/hr

Light load    = watts/sq ft X sq ft X 1.25 X 3.4
      = 4 X 150 X 1.25 X 3.4 = 2550 Btu/hr

Solar load   = window area X Btu/(hr)(sq ft)
  X storage factor X shade factor
  X steel sash factor

      = 40 X 166 X 0.79 X 0.56 X 1/0.85
      = 3460 Btu/hr

Total secondary load
      = 215 + 2550 + 3460 = 6225 Btu/hr

Room 2 :
People load  = 2 X 215 = 430 Btu/hr
Light load   = 4 X 225 X 1.25 X 3.4

      = 3830 Btu/hr
Solar load   = 40 X 164 X 0.73 X 0.56 X 1/0.85

      = 3150 Btu/hr
Total secondary load

      = 430 + 3830 + 3150 = 7410 Btu/hr
Room 3 :

People load  = 2 X 215 = 430 Btu/hr
Light load   = 4 X 225 X 1.25 X 3.4

      = 3830 Btu/hr

FIG. 27 – TYPICAL FLOOR PLAN
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Solar load = 80 X 162 X 0.79 X 0.56 X 1/0.85
    = 6750 Btu/hr

Solar load, east glass
    = 40 X 122 X 0.29 X 0.56 X 1/0.85
    = 935 Btu/hr

Total secondary load
      = 430+3830+6750+935 = 11,945 Btu/hr

CENTRAL APPARATUS
Fans

The primary air fan is selected to supply the air
quantity at a constant volume and at a static pressure to
overcome the duct, apparatus and terminal unit friction
losses of the primary air system.

The secondary air fan is a variable volume fan
selected to supply the air quantity at a static pressure
sufficient to overcome the duct, apparatus and terminal
unit friction losses of the secondary air system. The fan
should be equipped with variable inlet vanes to throttle
the air flow efficiently as the building load is reduced. The
fan selected should have a performance curve with a flat,
stable portion, and should operate within this portion of its
curve.

The fan should be selected so that the discharge
static pressure is low enough that no noise is created in a
throttled outlet.

Example 5 – Calculation of Primary Air Quantities
Given:

Typical floor plan (Fig. 27)
Secondary air load

Room 1 - 6,225Btu/hr
Room 2 - 7,410Btu/hr
Room 3 - 11,945Btu/hr

Room temperature=75F
Secondary supply air temperature=55F

Find :
Secondary air quantities for Rooms 1,2 and 3.

Solution :
Room 1 :  cfmseca    =

       =                              = 288 cfm
Room 2 :  cfmseca    =                               = 343 cfm

 
Room 3 :  cfmseca    =                               = 553 cfm

The return air fan (if used) is also a variable volume fan
and should be equipped with variable inlet vanes
operated tin conjunction with the volume control of the
secondary air fan. This fan must be sized to handle the
total return air to the primary and secondary fans.
Normally, a return air fan is required in larger buildings,
and is ideal for use as a combination return air and
exhaust fan.
Dehumidifiers

The primary air dehumidifier is sized to handle the
primary air quantity. It may be selected as a spray coil
dehumidifier with a 6-or 8-row coil. The sprays may also
be used for humidifying (when needed) and for washing
the air to assist in odor control. The dehumidifier load is
calculated by using the formula:
Dehumidifier load = cfmpa X 4.45 (hea - hadp)(1 - BF)
Where:

cfmpa = primary air quantity
hea =    entering air enthalpy to the dehumidifier on a

summer design day. This may be a mixture of
outdoor and return air if the minimum ventilation
requirements are less than the primary air quantity.

hadp = apparatus dewpoint enthalpy
BF = bypass factor

The secondary air dehumidifier is sized to handle the
maximum secondary air quantity. It is usually selected
with a bypass factor of approximately 0.1. The
dehumidifier load is calculated by using the formula:

Dehumidifier load = cfmseca X 4.45 (hea - hadp)(1 - BF)
Where:

cfmseca  = secondary air quantity
hea             = entering air enthalpy
hadp       = apparatus dewpoint enthalpy
BF        = bypass factor

Filters

 Any commercially acceptable filter may be used with
these systems, depending on the degree of filtration
required. The filters selected for the secondary air system
must operate with a varying velocity and volume of air.

secondary load
1.08 (trms – tseca)

6225
1.08(75-55)

7410
1.08(75-55)

11,945
1.08(75-55)
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Heating Coils

The primary air preheater is sized to handle the
minimum ventilation air quantity and must have a
capacity equal to that found by the formula:

Preheater capacity = cfmoa X 1.08 (50 - toaw)
Where:

cfmoa= outdoor air quantity required for ventilation
toaw = winter outdoor air temperature
The primary air reheater is sized to handle the primary

air quantity and must have a capacity equal to that found
by the formula:

Reheater capacity = cfmpa X 1.08(tsa - tea + 15)
 
Where:

cfmpa = primary air quantity
tsa    = supply air temperature determined from    

Table 1 at the minimum outdoor air
temperature.

tea   = entering air temperature to the reheater
15 = an allowance for duct heat loss and for a

quick warm-up after prolonged shutdown,
such as occurs on weekends or nights.

Air Louvers, Screens and Dampers

Primary outdoor air louvers screens and dampers are
sized for minimum ventilation air requirements. Primary
return air dampers are sized for the primary air quantity.
The secondary outdoor air louvers, screens and dampers
are sized for the maximum secondary air quantity. The
secondary return air dampers are sized the maximum
secondary air quantity.
REFRIGERATION LOAD

Any of the three basic refrigeration cycles,
absorption, centrifugal or reciprocating, may be
considered for the refrigeration systems. Either chilled
water or direct expansion cooling can be used. When
direct expansion is used, the possibility of operating two
separate systems at different temperature levels can be
considered, one for the primary air and one for the
secondary air system.

The refrigeration load is the sum of the primary and
secondary dehumidifier loads. In addition, other loads,
i.e. from interior zones, must be included.

DUCT DESIGN

Generally the supply ducts of both the primary and
secondary systems are designed as high velocity
systems Static regain is used for sizing ducts to provide a

more stable system and to reduce fan horsepower.
Sound absorbers in the fan discharge are normally
required to reduce noise generated by the fan. When
selecting and location fittings, care must be taken to
avoid excessive pressure drops and noise generation.
Round duct is generally used for the duct systems. Part 2
should be consulted for design of the duct distribution
system.
PIPING DESIGN

There is very little piping design connected with this
system since the piping is concentrated in the apparatus

FIG.28 – DUAL CONDUTT SYSTEM CONTROL
TYPICAL PNEUMATIC ARRANGEMENT
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room. Part 3 may be used as a guide for the details and
sizing.
INSULATION

Insulation is recommended for both air systems to
prevent excessive heat gain or loss. Vapor sealed
insulation is used on ducts located outside the
conditioned areas. Duct insulation without a vapor seal is
used within conditioned areas. Weatherproofing is
required on ducts exposed to the outdoors.
CONTROLS

A basic pneumatic control arrangement is shown in
Fig. 28.
CENTRAL APPARATUS CONTROLS

Either electric or pneumatic controls may be used for
the central apparatus and the sequence of operation is
identical.
Summer Operation

During summer the day-night switch is left in the day
position. The outdoor air damper M1 in the primary air
system opens when the primary air fan is started. The
secondary air fan and return air fan are then started, as
well as the refrigeration cycle which provides cooling to
the dehumidifiers. The primary air reheat coil valve V2 iscontrolled by a fan discharge thermostat T2 which is reset
from an outdoor air thermostat T3 located outside the
outdoor air dampers but protected form the sun The
preheat coil valve V1 in the primary air system is
controlled by a thermostat T1 located immediately after
the preheat coil. the outdoor air damper for the
secondary air system and the exhaust air damper are in
their normally closed positions, while the return air
damper for the secondary system is in its normally open
position. The return air damper for the primary air system
is initially balanced to admit the design return air quantity
to the system.  A static pressure regulator SPR1 in the
secondary air duct system controls the variable inlet
vanes of the secondary air fan.  If there is a return air fan,
the same static pressure regulator also controls the
variable inlet vanes of the return air fan. The control
motors for the inlet vanes are normally equipped with
positive positioning devices since ample power is
required to operate these vanes.
Winter Operation

The winter operation is similar to summer operation
except that the refrigeration equipment is shut down and

the thermostat T4 in the secondary air fan discharge
controls the outdoor, return and exhaust air dampers to
maintain a mixture temperature of 50-55 F. This provides
cool air for the secondary air system.  The exhaust air
dampers relieve excess air to the outdoors.
Night and Weekend Operation

The day-night switch is placed in the night position,
and the return air damper in the primary air system is
open when the primary air fan is operated.  To reduce
heating costs, the outdoor air damper is closed and the
primary air system is operated with only return air. The
secondary air fan is not operated during these periods.
Economical operation can be obtained by controlling the
primary air fan from a thermostat which is located in a
typical space and which cycles the fan to maintain a
minimum temperature in the building.  See Fig. 29 for
control diagram.
UNITS CONTROLS

Either electric, pneumatic or self - contained controls
may be used for the unit control.

The only control required in the room is a thermostat
to operate the damper in the secondary system to
modulate the secondary air as the load changes.
SYSTEM MODIFICATIONS

This section enumerates certain variations that can
be incorporated in a Dual Conduit System.  These
variations adapt the system for specific applications or for
certain requirements such as a low first cost or low
operating cost.
OTHER APPARATUS ARRANGMENTS

An arrangement with one apparatus and two fans is
shown in Fig. 30, and another with one apparatus and
one fan is shown in Fig. 31. These arrangements have a
lower first cost; however, they generally sacrifice
ventilation air at partial loads, and have slightly higher
operating costs. Their operation is similar to the
arrangement shown in Fig. 26.
INTERIOR SPACES

In addition to serving as the source of secondary air
for the Dual Conduit System, the secondary air apparatus
can be increased in size to serve the interior zone. This
can be arranged with either a variable volume air system
or a constant volume air system. When used with a
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constant volume system, space terminal units must be
carefully selected since the air quantity serving the
interior zone is increased at partial load on the exterior
spaces. This arrangement can be applied to buildings
having many open areas with few private offices.

SERIES WATER FLOW

When two separate dehumidifiers are operated at
different apparatus dewpoints, it may be practical to
connect their water sides in series. This may mean saving
in pipe and pump size as well as reduction in first cost of
the refrigeration machine required.
AIR TERMINAL UNIT LEAKAGE

An examination of the secondary air terminal units is
required to determine if a tight shutoff can be
accomplished.  Some terminal units do not close off
tightly and, therefore, tend to overcool the space at
minimum loads.

For example, if the secondary air quantity is 85% of
the total air supplied to the space and the secondary
terminal unit has a minimum leakage of 15%, the
minimum cooling available from the secondary terminal
unit is 15% of 85% or 12.8%.  This 12.8% plus the primary
air capacity of 15% means that the minimum load in the
room must not be below 27.8% (12.8 + 15) of full load if
overcooling is to be prevented. This condition may occur
when the outdoor temperature is near the indoor
temperature, when the space is unoccupied with the
lights off, and when there is reheat in the primary air
system. However, if this condition occurs in an isolated
case, transmission thru the walls, floor, etc. to
surrounding spaces tends to offset the overcooling
capacity of the terminal units.  If overcooling becomes a
problem, it may be prevented by keeping the lights on
when the air conditioning is operating during these
periods.
VENTILATION THRU THE SECONDARY AIR SYSTEM

The system may be designed to use all return air for
the primary air apparatus and to supply ventilation air thru
the secondary air system.  This permits the use of only
one outdoor air intake, and saves on costs for heating the
primary air.
OPERATING ECONOMY

In winter, greater economy may be obtained by
operating the primary apparatus with return air only to
reduce the energy required to head the air.

Outdoor air for ventilation is available from the
secondary air system because it is necessary to provide
the cooling capacity for the internal loads by using
outdoor air when the refrigeration equipment is shut
down.
RETURN AIR IN A CEILING PLENUM OF SINGLE
STORY BUILDINGS

The roof transmission load in an interior space of a
single story building with air returned thru a ceiling
plenum requires special attention. Since the return air
passing thru the plenum above the room can be a
variable amount due to throttling of the secondary air
quantity, and since it can vary because of the location of

Fig.29 – ELECTRICAL CONTROL DIAGRAM, FOR
NIGHT FAN CONTROL
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FIG.30 – TYPICAL DUAL CONDUIT SYSTEM, DUAL – FAN, SINGLE APPARATUS
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FIG.31- TYPICAL DUAL CONDUIT  SYSTEM  , SINGLE  FAN, SINGLE APPARATUS
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the room in relation to the apparatus, the amount of roof
transmission load which is picked up by the return air
may vary between rooms. Also, portions of the solar gain
and light load (if recessed lights are used) may be offset
in varying amounts by this return air.

When determining the primary air quantity, only 33%
of the roof transmission is considered as an effective
load. Therefore, the transmission per degree used for
finding the primary air quantity is only one third of the
actual calculated value. This transmission per degree is
multiplied by the calculated A/T ratio to find the primary
air quantity.

The secondary air load which is used to calculate the
secondary air quantity is determined by adding 33% of
the solar load, the light load (reduced somewhat if
recessed lights are used), and the people load, all
obtained in the same manner as for the basic system.
The remaining portions of these loads must be added to
the dehumidifier, resulting in no savings in refrigeration
load but a reduction of required air quantities.
DIRECT EXPANSION COOLING

The primary and secondary air apparatus may be
serviced by separate direct expansion refrigeration
systems for cooling and dehumidifying the air. This
arrangement allows the greatest operating economies
when the secondary dehumidifier is selected at a higher
apparatus dewpoint that that of the normal system.
However, secondary air quantities are larger than on the
normal system, thus requiring larger ductwork. This
feature of separate refrigeration systems offers the

additional advantage of operating only the primary direct
expansion system when the outdoor temperature is below
that required for the secondary air system.
AIR TERMINAL UNITS

These units can be located as illustrated in Fig. 32,
depending on individual building requirements.
SEPARATE AIR TERMINAL UNITS
Primary Air Terminal Units

These units may be any conventional or high pressure
outlet complete with balancing damper, sound absorbing
lining, and pressure reducing device.  Air may be
distributed from under the window, the ceiling or side
wall.  In northern climates where the winter design
temperature is less than 20 F, air should be discharged
from under the window to offset downdrafts.
Secondary Air Terminal Units

This unit may distribute air from the ceiling, side wall 
or under the window.  It must be capable of controlling 
the volume of conditioned air supplied to the space while 
at the same time maintaining a reasonably uniform and 
draftless air distribution. It should be complete with 
means for sound attenuation and method of volume 
regulation. The damper may operate from a self-
contained thermostat mounted on the unit or from 
pneumatic or electric thermostats mounted on a wall.

FIG.32 – TERMINAL  UNIT  LOCATIONS
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COMBINATION AIR TERMINAL UNITS
Mixing Unit

An air terminal may be used which mixes primary
and secondary air before discharging into the room. A
throttling damper is located in the secondary air plenum,
and a balancing damper is located in the primary air
duct. The mixing chamber is lined with sound attenuation
material, and air is discharged to the room thru a single
discharge. Care must be taken when designing this
arrangement since air distribution is affected when the
secondary air is throttled because of a difference in the
outlet velocity. The unit can be located to distribute air
from the ceiling, side wall or under the window.
DESIGN SUMMARY

The following is a summary of design guides for the
Dual Conduit System:

1. Primary air is supplied to each space
proportionally to the transmission per degree for
the space.

2. The function of the primary air is to offset the
transmission loads and the latent loads.

3. The A/T ratio for calculating primary air quantities
is usually between 0.5 and 2.0.

4. Maximum suggested primary air temperature at
the terminal units is usually 125 F because the
duct heat losses become excessive with higher
temperatures.

5. Summer design primary air temperature generally
used is 56 F, based on a 48 F adp and an 8
degree rise for the fan and duct head gain.

6. Secondary air is supplied to each space at a
constant temperature and a varying volume.

7. The function of the secondary air is to offset the
sensible heat loads of the sun, lights and people.

8. Design secondary air temperature is generally 55
F, based on a 50 F adp and a 5 degree rise due
to the fan and duct heat gain.

9. Secondary air temperature is maintained during
intermediate and winter seasons by mixing the
outdoor and return air.

10. Secondary air fan and the return air fan must be
equipped with a method of volume control such
as variable inlet vanes.

11. The secondary air fan should have a performance
curve with a flat stable portion, and should
operate within this portion.

12. Primary air dehumidifier should be the spray coil
type to provide humidification and help with odor
control.

13. A primary air reheater is selected to heat the total
primary air to at least 15 degrees above the
maximum supply air temperature.

14. Supply ductwork for both the primary and
secondary air systems should be insulated.

15. The variable volume secondary air terminal unit
must be capable of maintaining adequate air
motion with a reduced quantity of conditioned air.

16. In northern climates where winter design
conditions air below 20 F, the primary air should
be distributed from under the window to offset
downdrafts.

17. In single story buildings with the return plenum in
the ceiling, only 33% of the roof transmission load
should be used to calculate the primary air
quantity.
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A

Air quantities
constant volume induction
system
conventional systems
dual-duct system
dual conduit system
multi-zone unit system
variable volume, constant
temperature system

Air reheat control
fig. 3
fig. 8

Air terminal units
dual conduit system
combination units
separate units

Air volume control
fig. 4
fig. 9

Apparatus, central

constant volume induction
system
conventional systems
dual-duct system
dual conduit system
multi-zone unit system
variable volume
constant
temperature system

Application
constant volume induction
system
conventional systems
dual-duct system
dual conduit system
multi-zone unit system
variable volume, constant
temperature system

A/T ratio

C
Central apparatus components,
Function table 4

Central apparatus controls
constant volume induction
system
summer operation
winter operation
conventional systems
dual-duct system
marginal weather
operation
summer operation
winter operation
dual conduit system
night and week-end -
operation
summer operation
winter operation
multi-zone unit system
summer operation
winter operation
variable volume, constant
temperature system
summer operation
winter operation
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Central apparatus, description
constant volume induction
system
dual-duct system
dual conduit system
multi-zone unit system
variable volume, constant
temperature system

Central apparatus, selection
constant volume induction
system
conventional systems
dual-duct system
dual conduit system
air louvers
dampers
dehumidifiers
fans
filters
heating coils
multi-zone unit system
variable volume, constant
temperature system

Combination mixing unit terminal
Constant volume induction
system

fig. 10
controls
engineering procedure
system description
system features

Control, central apparatus
constant volume induction

- system
conventional system
dual-duct system
dual conduit system
multi-zone unit system
variable volume, constant
temperature system

Control, unit
constant volume induction
system
dual-duct system
dual conduit system
variable volume, constant
temperature system

Controls
constant volume induction
- system
fig. 13
conventional systems
dual-duct system
central apparatus
terminal control
fig. 22
dual conduit system
central apparatus controls
unit controls
fig. 28
fig. 29
multi-zone unit system
electric
pneumatic
summer operation

variations
winter operation
fig. 18
fig. 19
variable volume, constant
temperature system
central apparatus control
unit control
fig. 25

Conventional systems
controls
engineering procedure
modifications
system descriptions
system features

Cooling load
constant volume induction
- system
conventional systems
dual-duct system
dual conduit system
multi-zone unit system
variable volume, constant
temperature system

D

Dehumidified air
constant volume, induction
system
conventional systems
table 1
dual-duct system
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dual conduit system
multi-zone unit system
variable volume, constant
temperature system

Dehumidifier load
constant volume induction
- system
conventional systems
dual-duct system
dual conduit system
multi-zone unit system
variable volume, constant
temperature system

Design summary
dual conduit system

Dual conduit system
fig. 26

Dual conduit system(cont.)
fig. 30
fig. 31
air terminal units
controls
design summary
engineering procedure
system description
system features
system modifications
Dual-duct system
fig. 20
fig. 23
controls
engineering procedure
system description

system features
system modifications
Duct design
constant volume induction
system
conventional systems
dual-duct system
dual conduit system
multi-zone unit system
variable volume
constant
temperature system

E

engineering procedure
constant volume induction
system
air quantities
central apparatus
duct design
piping design
refrigeration load
room cooling load
room heating load
unit selection
conventional systems
air distribution
apparatus
cooling load
heating load
piping
refrigeration

supply air
dual-duct system
air quantities
building survey
central apparatus
cooling loads
duct design
heating loads
insulation
refrigeration load
dual conduit system
air quantities
central apparatus
duct design
insulation
piping design
refrigeration
multi-zone unit system
air ducts
air handling apparatus
cooling load
dehumidified air
heating load
piping
refrigeration load
supply air
zoning
variable volume, constant
temperature system
air quantities
cooling load
dehumidifier load
duct design
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fan selection
insulation
refrigeration load

F

Face and bypass control
fig. 2
fig. 7

Fan selection
variable volume, constant
temperature system

H

Heating load
constant volume induction
system
conventional systems
dual-duct systems
multi-zone unit system

I

Induction unit
constant volume induction
system
fig. 11

Insulation
dual-duct system
dual conduit system
variable volume, constant
temperature system

M

Modifications, system
conventional systems
dual-duct system
dual conduct system
variable volume, constant
temperature system

Multi-zone unit system
fig. 15
controls
engineering procedure
system description
system features

O

Optional equipment
multi-zone unit system

Other system components
multi-zone unit system

P

Piping design
constant volume induction
system
conventional systems
dual conduit system,
multi-zone unit system

Primary air temperature
schedule
table 5

R

Refrigeration capacity control
fig. 1
fig. 6

Refrigeration load
constant volume induction
system
conventional systems
dual-duct system
dual conduit system
multi-zone unit system
variable volume, constant
temperature system

Room cooling load
constant volume induction
system

Room heating load
constant volume induction

S

Secondary air terminal unit
System description

constant volume induction
system
central station apparatus
induction unit
constant volume, variable
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temperature systems
air reheat control
face and bypass control
refrigeration capacity
control
dual-duct system
basic arrangements
central station apparatus
terminal unit
dual conduit system
multi-zone unit system
apparatus

System description
other system components
system operation variable
volume, constant
temperature system
variable volume control

System features
constant volume induction
system
conventional systems
dual-duct system

dual conduit system
multi-zone unit system
variable volume, constant
temperature system

Systems
constant volume induction
constant volume, variable
temperature
conventional
dual-duct

dual conduit
multi-zone unit
variable volume, constant
temperature

T

Terminal unit locations
dual conduit system
fig. 32

U

Unit control
constant volume induction
system
dual-duct system
dual conduit system
variable volume, constant
temperature system
Unit selection
constant volume induction
system

V

Variable volume, constant
temperature system
fig. 24
controls

engineering procedure
system description
system features
system modifications

Z

Zoning
multi-zone unit system
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Fig. 1  -  Basic Elements of a Conventional Air Conditioning System
Fig. 2  - Typical Conventional System With Face and Bypass Control
Fig. 3  - Typical Conventional System With Air  Reheat Control
Fig. 4 - Typical Conventional System With Volume Control
Fig. 5 – Comparison of Relative Humidity Behavior for Various Types of Control, Conventional Systems
Fig. 6 – Refrigeration Capacity Control, Typical Pneumatic Arrangement∗
Fig. 7 – Face and Bypass Damper Control, Typical Pneumatic Arrangement∗
Fig. 8 – Reheater Control, Typical Pneumatic Arrangement∗
Fig. 9 – Variable Volume Control, Typical Pneumatic Arrangement∗
Fig. 10 – Typical Constant Volume Induction System
Fig. 11 – Typical Induction Unit
Fig. 12 – Typical Office Building
Fig. 13 – Constant Volume Induction System Control, Typical Pneumatic Arrangement
Fig. 14 – Typical Areas Served by a Multi-Zone Unit(s)
Fig. 15 – Typical Multi-Zone Unit System
Fig. 16 – Typical Office Suite
Fig. 17 – Adjustments to BTU Calculations
Fig. 18 – Multi-Zone Unit System Control, Typical Pneumatic Arrangement
Fig. 19 - Multi-Zone Unit System Control, Typical Electric Arrangement
Fig. 20 – Typical Dual –Duct System Arrangement
Fig. 21 – Partial Load Per Performance of a Dual-Duct System, Arrangement 1
Fig. 22 – Dual-Duct System Control, Typical Pneumatic Arrangement
Fig. 23 – Typical Dual Fan, Dual-Duct System Arrangement
Fig. 24 – Typical Variable Volume, Constant Temperature System
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Fig. 25 – Variable Volume, Constant Temperature Control, Typical Pneumatic Arrangement
Fig. 26 - Typical Dual Conduit System, Dual- Fan, Dual Apparatus
Fig. 27 – Typical Floor Plan
Fig. 28 – Dual Conduct System Control Typical Pneumatic Arrangement
Fig. 29 – Electrical Control Diagram, For Night Fan Control
Fig. 30 – Typical Dual Conduct System, Dual-Fan, Single Apparatus
Fig. 31 – Typical Dual Conduct System, Single Fan, Single Apparatus
Fig. 32 – Terminal Unit Locations
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TABLE. 1 – LOAD AND CAPACITIES FOR BASIC EQUIPMENT SELECTION
TABLE. 2 – TYPICAL COMPARISON OF ROOM LOAD CHARACTERISTICS∗
TABLE. 3 – HEAT GAINS REFLECTED IN LOAD CALCULATION
TABLE. 4 – FUNCTION AND LOCATION OF CENTRAL APPARATUS COMPONENTS
TABLE. 5 – SCHEDULE OF PRIMARY AIR TEMPERATURES
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SYSTEM   DESIGN  MANUAL

SUMMARY OF PART ELEVEN

This air-water system are for use in perimeter rooms of
multi-story, multi-room buildings where cooling or heating may be
required simultaneously in adjacent rooms and where space allotted
for ductwork is at a minimum.

This part of the System Design Manual presents data and
engineering procedures to guide the engineer  in the practical
designing of air-water systems.

The text of this  Manual is offered as a general guide for
the use of industry and of consulting engineers in designing systems.
Judgment is required for application to specific installation, and
Carrier is not responsible for any uses made of this text.

induction unit system         1

INDEX

            primary air fan-coil system     2
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CHAPTER 1. INDUCTION UNIT SYSTEM
The induction unit system is designed for use in 

perimeter rooms of multi-story, multi-room building such 
as office buildings, hotels, hospital patient rooms and 
apartments. Specifically, it is designed for buildings that 
have reversing sensible heat characteristics in which 
cooling may be required in one room and heating may be 
required in a adjacent room. In addition, it is especially 
adapted to handle the loads of modern skyscrapers with 
minimum space requirements for mechanical equipment.

This chapter includes System Description, System 
Features, Design Considerations, Engineering Procedure 
for designing the system, Controls and System 
Modifications.
SYSTEM FEATURES

Some of the features of the induction unit system are
the following:

1. Small Space Requirements — The use of water to
provide a major portion of the room cooling
requirements reduces the air quantity distributed to
each space when compared to the air quantity
distributed in an all-air system. Thus, less space is
required for both the air distribution system and the
central air handling apparatus. At the same time
adequate and constant room air circulation is main
tained by the high induction of the secondary air
from the room. In addition, the smaller primary air
quantity can be distributed at high velocity without
any increase in power requirements over systems
using much more air with conventional distribution
ductwork.

2. Individual Room Control — Zoning problems are
solved since each room is a zone. Simultaneous
heating or cooling is available in adjacent rooms
when required.

3. Winter Downdraft Eliminated — The unit design
permits under-the-window installation, eliminating
downdrafts at the windows during severe winter
weather.

4. Minimum Service — No individual fans or motors
to create maintenance or servicing in the rooms.
Most maintenance is centralized.

5. Central Dehumidification — Since all dehu-
midification occurs at the central apparatus,
condensation on the room unit coil is eliminated.
Thus, odor retention and corrosion problems at the
unit are minimized.

6. Quiet Operation — All fans and other rotating
equipment are remotely located.

SYSTEM DESCRIPTION
A typical induction unit system is shown in Fig. 1. 

Although the arrangement may differ for each application, 
this illustration includes the basic components common to 
most induction unit systems. The following description is 
for a nonchangeover system.

Outdoor air for ventilation is drawn into the central 
apparatus thru a louver, screen and damper. Return air 
may be introduced into the system if the total required 
primary air quantity is more than the minimum ventilation 
requirement. The preheater tempers the air in winter to 
increase the capacity of the air to absorb moisture and to 
prevent freezing air from entering the dehumidifier. The 
filters remove entrained dust and dirt particles from the 
air. The sprayed coil dehumidifier cools and dehumidifies 
the air during the warm weather; during cool weather the 
recirculation sprays may be used to add moisture to the 
air. The reheater heats the air to offset the building 
transmission losses. The high pressure fan delivers the 
conditioned air thru high velocity ducts to the induction 
units. A sound absorber on the leaving side of the fan is 
normally required to reduce the noise generated by the 
fan. Chilled water from a central refrigeration plant is 
circulated by the primary pump thru the dehumidifier coils 
in the apparatus. The secondary water pump circulates 
water to the induction unit coils.

The induction unit (Fig. 2) is supplied with high 
pressure primary air which is discharged within the unit 
thru nozzles. This air induces room air across the coil 
which is supplied with water from the secondary water 
pump. The induced air is heated or cooled depending on  
the  temperature of the secondary water, and the mixture 
of primary air and induced air is discharged to the room.

The function of the primary air is to provide ventilation 
air, to offset the transmission loads, to provide 
dehumidification to offset the latent loads, and to provide 
the motivating force for induction and circulation of room 
air. The secondary water circuit functions to offset the 
heat gain from sun, lights and people. The primary air is 
tempered according to a reheat schedule to prevent the 
room temperature from falling below 72 F when there is a 
minimum load in the room.

On some applications it may be desirable to operate 
the system during the winter season with hot water 
supplied to the coil and cold primary air. This is known as 
the change-over system which is explained under System 
Modifications.
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Fig. 1 – Typical Induction Unit System
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SYSTEM DESIGN CONSIDERATIONS
AIR/TRANSMISSION RATIO

The design and the operation of an induction unit 
system is based on the Air/Transmission (A/T) ratio 
concept. It is important that this concept be fully 
understood.
Definition

The A/T ratio is the ratio of the unit primary air quantity 
(cfm) to the total room transmission per degree thru the 
exterior areas of the space served by the unit. 
Transmission per degree is determined by assuming a 
steady state heat flow; it is calculated for one degree of 
temperature difference across the outdoor walls, windows 
and roof. No credit is taken for storage effect since the 
effect of only the outdoor temperature is analyzed, 
regardless of the solar load. Figure 3 illustrates an 
example of the calculation of the A/T ratio.
Function

The primary air cooling and heating capacity is varied 
to offset the effects of the transmission portion of the room 
load by reheat, scheduled in accordance with the outdoor 
dry-bulb temperature.

For each A/T ratio, there is a fixed reheat schedule 
which is calculated to prevent any room from having a 
temperature below 72 F with a minimum room load 
equivalent to 10 degrees multiplied by the transmission 
per degree for the room. When the load caused by sun, 
lights and people diminishes, the coil capacity is reduced 
to compensate for this lack of load. When these loads 
become a minimum, the design minimum room 
temperature is maintained by the controlled primary air 
temperature which offsets the transmission load.

Room humidity is not affected by the reheating of the 
primary air since this only adds sensible heat and the 
latent heat capacity remains unchanged.
Air Zoning

Units in spaces which have the same exposure or a 
similar loading may be grouped together to form a zone. 
All units within each zone must have the same A/T ratio so 
that the primary air may be reheated on a single schedule 
by an individual heater. The units must be located so they 
can be supplied from their heater with a minimum amount 
of duplication of ductwork. The purpose of air zoning is to 
provide a means of reducing the total amount of primary 
air.

Use
By surveying the values of the transmission per 

degree and the air quantities necessary to satisfy the 
room loads for a given building, a base A/T ratio can be 
found. This base A/T ratio may then be used to determine 
the primary air quantity for all other units in the zone and

Fig. 2 – Typical Induction Unit

Fig. 3 – Calculation of A/T Ratio
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to establish the reheat schedule for the units. The primary 
air quantity determined by using the base A/T ratio may 
be higher for some units than necessary if the units are 
selected to satisfy only the room sensible heat load

ENGINEERING PROCEDURE
The following is an engineering procedure for 

designing an induction unit system:
1.  Survey

  Preliminary Layout
3.  Room Cooling Load Calculations
4.  Unit Selection
5.  Room Heating Load Calculation
6.  Apparatus Selection
7.  Refrigeration Load
8.  Duct Design
9.  Piping Design
10.Water Heater Selection

SURVEY AND PRELIMINARY LAYOUT
An accurate survey of the load components, available 

space and services is a basic requirement for a system 
design. Refer to Part 1 for a complete list of the items to 
be considered.

In conjunction with the survey a preliminary layout 
should be made. Consideration should be given to the 
arrangement and number of units around the building 
perimeter and to the location of the following items:

1.  Primary Air Risers
2.  Primary Air Apparatus
3.  Primary Air Headers
4.  Secondary Water Pump(s)
5.  Secondary Water Risers and Headers
6.  Return Air System (if used)
7.  Interior Zone Apparatus
8.  Refrigeration Equipment
The primary air apparatus may be located in a 

penthouse on the roof, in the basement, or on inter-
mediate floors of a building, with horizontal headers 
feeding a vertical riser system at the exterior face. In 
modern buildings with large glass areas and little wall 
space between windows, a horizontal duct distribution 
may have to be used in place of the vertical risers.

For reasons of economy it is usually desirable to limit 
the number of floors included in a water piping system so 
that the static head plus the pumping head does not 
cause the total pressure in the system to exceed that 
allowable for standard weight piping and fittings.

The location of interior zone equipment should be 
considered with respect to the chilled water piping if the 

equipment is to obtain its refrigeration from the same 
central source as the induction unit system. Return air (if 
used) for the primary air apparatus may be taken thru the 
interior zone return air system for reasons of economy. 
Therefore, interior zone equipment should be located 
close to the primary air apparatus.

Location of the refrigeration machine in relation to its 
condenser water source (cooling tower, etc.) and the 
primary air apparatus (Fig. 4) may depend on these 
economic factors:

1. Insulated chilled water piping vs. condenser water 
piping costs.

 2. Electric wiring vs. water piping costs.
However, when locating a given type of refrigeration 

equipment (centrifugal, absorption or reciprocating), 
there may be special engineering considerations involved 
such as structural reinforcement and vibration isolation on 
upper floors.

2.

Fig. 4 – Relative Location
And Costs of Pipe and Wiring
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BASIS OF TABLE 1
The data in Table 1 is based on these conditions:
Outdoor design dry-bulb temperature = 95 F
Room design dry-bulb temperature    = 75 F
Daily temperature range = 20 deg

Yearly temperature range,20° latitude = 75 deg
30° latitude = 85 deg

40° latitude = 100 deg
50°latitude = 115 deg

Light construction, wall – 40 lb/sq ft wall area
roof – 20 lb/sq ft roof area

room – 30 lb/sq ft floor area

TABLE 1 – ROOM DESIGN LOAD FACTORS

EXPOSURE NORTH NORTHEAST* NORTHEAST EAST SOUTHEAST
LATITUDE (North) 20 30 40 50 20 30 40 50 20 30 40 50 20 30 40 50 20 30 40 50

L I G H T  C O N S T R U C T I O N

1. Design Sun Time Month
Hour

June
5 p.m.

June
7

a.m.
July

7 a.m.
June

8
a.m.

July
8 a.m.

July
9 a.m.

Oct.
9

a.m.
Sept.
9 a.m.

2. Outdoor Design Dry-bulb (F) 92 90 90 89 79 80 80 80 80 81 81 81 83 83 83 83 76 78 77 75
3. Solar Heat Gain Thru Glass

Btu / (hr) (sq ft)
12-hour Operation 15 11 10 9 65 55 54 49 74 75 75 74 70 66 71 71
16-hour Operation 15 11 9 9 63 54 52 48 72 73 73 72 67 64 68 69
24-hour Operation 15 11 9 9 66 56 54 50 63 54 52 48 72 73 73 72 67 64 68 69

4. Equivalent Temp Diff (F)
Glass 17 15 15 14 4 5 5 5 5 6 6 6 8 8 8 8 1 3 2 0
Wall 16 14 14 13 13 12 11 11 17 15 15 14 32 32 32 32 19 20 21 19
Roof 49 47 45 42 3 4 4 4 2 3 3 3 4 4 4 4 -3 -1 -2 -4

M E D I U M  C O N S T R U C T I O N

1. Design Sun Time Month
Hour

June
5 p.m.

June
7

a.m.
July

7 a.m.
June

8
a.m.

July
8 a.m.

July
9 a.m.

Oct.
9

a.m.
Sept.
9 a.m.

2. Outdoor Design Dry-bulb (F) 92 90 90 89 79 80 80 80 80 81 81 81 83 83 83 83 76 78 77 75
3. Solar Heat Gain Thru Glass

Btu / (hr) (sq ft)
12-hour Operation 14 11 9 9 55 47 46 42 64 64 64 64 63 60 63 64
16-hour Operation 13 10 9 8 53 45 43 40 61 62 62 61 59 56 60 60
24-hour Operation 13 10 9 8 52 44 43 39 49 42 41 37 57 58 58 57 55 52 55 56

4. Equivalent Temp Diff (F)
Glass 17 15 15 14 4 5 5 5 5 6 6 6 8 8 8 8 1 3 2 0
Wall 9 7 7 6 7 8 8 8 9 9 9 9 13 13 13 13 6 7 7 5
Roof 46 44 42 39 8 8 8 7 6 7 7 6 8 8 8 8 0 2 1 -2

H E A V Y  C O N S T R U C T I O N

1. Design Sun Time Month
Hour

June
5 p.m.

June
7

a.m.
July

7 a.m.
June

8
a.m.

July
8 a.m.

July
9 a.m.

Oct.
9

a.m.
Sept.
9 a.m.

2. Outdoor Design Dry-bulb (F) 92 90 90 89 79 80 80 80 80 81 81 81 83 83 83 83 76 78 77 75
3. Solar Heat Gain Thru Glass

Btu / (hr) (sq ft)
12-hour Operation 14 11 9 8 54 46 44 41 61 62 62 61 63 60 63 64
16-hour Operation 13 10 8 8 51 43 42 39 58 59 59 58 59 56 60 60
24-hour Operation 13 10 8 8 50 42 41 38 47 40 38 35 54 54 54 54 53 50 53 54

4. Equivalent Temp Diff (F)
Glass 17 15 15 14 4 5 5 5 5 6 6 6 8 8 8 8 1 3 2 0
Wall 7 5 5 4 10 10 10 10 11 11 11 11 14 14 14 14 8 10 9 7
Roof 44 42 41 37 14 14 13 12 11 11 11 10 13 13 12 11 4 6 4 9

* These factors are used for systems required to operate 24 hours continuously, as in hospitals, hotels and apartment houses.
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BASIS OF TABLE 1 (Cont’d)
Medium

construction, wall – 100 lb/sq ft wall area
roof – 40 lb/sq ft roof area
room – 100 lb/sq ft floor area

Heavy construction, wall – 140 lb/sq ft wall area
roof – 60 lb/sq ft roof area
room – 150 lb/sq ft floor area

Standard single-glazed double hung windows with 
venetian blinds.

TABLE 1 – ROOM DESIGN LOAD FACTORS (Contd.)

EXPOSURE SOUTH SOUTHWEST WEST NORTHWEST
LATITUDE(North) 20 30 40 50 20 30 40 50 20 30 40 50 20 30 40 50

L I G T H  C O N S T R U C T I O N

1. Design Sun Time
Month
Hour

Nov.
Noon

Oct.
Noon

Oct.
3 p.m

Sept.
3 p.m.

July
4 p.m.

June
  5 p.m.

July
5 p.m.

2. Outdoor Design Dry-bulb (F) 75 74 74 70 88 90 89 87 94 94 94 94 92 93 93 93
3. Solar Heat Gain Thru Glass

Btu/(hr) (sq ft)
12-hour Operation
16-hour Operation
24-hour Operation

71
70
70

73
72
72

81
80
80

84
82
82

78
77
77

74
73
73

79
78
78

80
79
79

75
74
74

75
75
75

75
75
75

75
74
74

69
69
69

59
59
59

57
57
57

52
52
52

4. Equivalent Temp Diff (F)
Glass
Wall
Roof

0
23
16

-1
22
15

-1
26
11

-5
23
4

13
32
32

15
33
34

14
34
30

12
32
25

19
38
48

19
38
48

19
38
46

19
38
44

17
34
49

18
33
50

18
32
48

18
31
45

M E D I U M  C O N S T R U C T I O N

1. Design Sun Time Month
Hour

Nov.
  2 p.m.

Oct.
2 p.m.

Oct.
3 p.m.

Sept.
3 p.m.

July
4 p.m.

June
  5 p.m.

July
5 p.m.

2. Outdoor Design Dry-bulb (F) 79 78 78 74 88 90 89 87 94 94 94 94 92 93 93 93
3. Solar Heat Gain Thru Glass

Btu/(hr) (sq ft)
12-hour Operation
16-hour Operation
24-hour Operation

61
55
55

63
56
56

70
63
63

72
65
65

69
63
63

66
60
60

70
63
63

70
64
64

66
60
60

66
61
61

66
61
61

66
60
60

60
56
56

51
48
48

50
46
46

46
43
43

4. Equivalent Temp Diff (F)
Glass
Wall
Roof

4
12
13

3
12
12

3
15
8

-1
11
9

13
13
30

15
14
33

14
14
29

12
12
23

19
17
45

19
17
44

19
17
43

19
17
41

17
14
46

18
14
47

18
14
45

18
14
42

H E A V Y  C O N S T R U C T I O N

1. Design Sun Time Month
Hour

Nov.
2 p.m.

Oct.
2 p.m.

Oct.
   3 p.m.

Sept.
3 p.m.

July
4 p.m.

June
  5 p.m.

July
5 p.m.

2. Outdoor Design Dry-bulb (F) 79 78 78 74 88 90 89 87 94 94 94 94 92 93 93 93
3. Solar Heat Gain Thru Glass

Btu/(hr) (sq ft)
12-hour Operation
16-hour Operation
24-hour Operation

58
51
51

59
52
52

66
58
58

68
60
60

68
59
59

63
56
56

67
60
60

68
60
60

65
58
58

65
58
58

65
58
58

65
58
58

58
53
53

49
45
45

48
43
43

44
40
40

4. Equivalent Temp Diff (F)
Glass
Wall
Roof

4
-2
12

3
-5
11

3
-2
6

-1
-5
-2

13
7
26

15
8
29

14
8
25

12
6
19

19
15
42

19
15
42

19
15
40

19
15
37

17
12
44

18
12
45

18
12
43

18
12
40
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Example I — Typical Load Estimate
Given:

Typical floor plan (Fig.5)
Wall U = 0.34 Btu/(hr)(sq ft)(deg F temp diff)

 Wt = 100 11)/sq ft (approx)
       Windows - double hung wooden sash, single-glazed.
                        venetian blinds, light color

   Construction - medium, 100 lb/sq ft
Normal operation — 12 hours

Find:
For the numbered areas:

Transmission per degree
Room sensible heat gain
Minimum ventilation requirements:

Solution:
Fill out all appropriate columns using a form similar to that shown in Fig. 6.

Fig. 5 – Typical Floor
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ITEM 1. “U" GLASS = 1.13 ITEM 2. “U” WALL = .34 ITEM 3. “U” ROOF = .18 ITEM 4. “U” DESIGN ROOM DB = 78 ITEM 5. “U” DESIGN OUTSIDE DB = 95
PHYSICAL DATA PER UNIT FOR LOAD ESTIMATE

6. EXPOSURE SOUTH 1 EAST 2 NORTH 3 WEST 4 6
 7. WIDTH OF OUTSIDE WALL PER UNIT 10’0” 15’0” 15’0” 15’0” 7
 8. DISTANCE FROM OUTSIDE WALL SERVED BY UNIT 15’0” 15’0” 15’0” 15’0” 8

 9. FLOOR TO FLOOR HEIGHT 10’0” 10’0” 10’0” 10’0” 9
10. GROSS WALL AREA ( 9 X 7 ) 100 150 150 150 10
11. NET SUN GLASS AREA ( STEEL OR WOOD SASH ) 40 40 80 40 11
12. NET SUN WALL AREA ( 10 – 11 ) 60 110 70 110 12
13. OTHER SUN GLASS AREA ( CORNER ROOM ) 13
14. OTHER WALL AREA ( CORNER ROOM ) 14

15. FLOOR AREA ( 7 X 8 ) 150 225 112 112 15
16. ROOF AREA ( 7 X 8 ) 150 225 112 112 16
17. LIGHTS (     4        WATTS INPUT/SQ FT X 15 ) 600 900 450 450 17
18. HORSEPOWER OUTPUT TO ROOM 18
19. NUMBER OF PEOPLE PER UNIT 1 2 1 1 19

TRANSMISSION PER DEGREE ( OUTSIDE EXPOSURE ONLY ) BTU/HR/F

20. ALL GLASS ( 11 + 13 ) X 1 45.2 45.2 90.4 45.2 20
21. WALL ( 12 X 2 ) 20.4 37.4 23.8 37.4 21
22. OTHER WALL ( 14 X 2 ) 22
23. INTERMEDIATE FLOOR TRANSMISSION PER DEGREE ( 20 + 21 + 22 ) 65.6 82.6 114.2 82.6 23
24. ROOF ( 16 X 3 ) 27.0 40.5 20.2 20.2 24

25. TOP FLOOR TRANSMISSION PER DEGREE ( 23 + 24 ) 92.6 123.1 134.4 102.8 24

LOAD ESTIMATE ( ROOM SENSIBLE HEAT GAIN PER UNIT ) BTU/HR
26. SUN GLASS ( 11 X SOLAR FACTOR ) 70 66 9 64 2800 2560 720 2640 26
27. OTHER SUN GLASS ( 13 X SOLAR FACTOR ) 27
28. ALL GLASS TRANS ( 20 X TEMP DIFF AT DESIGN TIME ) 0 16 12 5 0 226 1085 573 28

29. WALL TRANSMISSION ( 21 X EQUIV TEMP DIFF ) 12 14 4 10 245 374 95 523 29
30. OTHER WALL TRANSMISSION ( 22  X EQUIV TEMP DIFF ) 30
 31. FLOOR, CEILING, OR PART. TRANS ( SQ FT X TEMP DIFF X U ) 31
32. LIGHTS ( 17 X 3.4 ) 2040 3060 1530 1530 32
33. HP ( 18 X          DIVERSITY FACTOR   X  2545  ÷ EFFICIENCY ) 33
34. PEOPLE ( 19 X 215  BTU/HR SENSIBLE HEAT ) 215 430 215 215 34

35. RSH GAIN, INTERMEDIATE FLOOR ( TOTAL OF 26 THRU 34 ) 5300 6650 3645 5481 35
36. ROOF HEAT GAIN ( 24 X EQUIVALENT TEMP DIFF ) 5 40 39 5 135 202 787 808 36
37. ROOM SENSIBLE HEAT GAIN, TOP FLOOR ( 35 + 36 ) 5435 6852 4432 6289 37

MINIMUM VENTILATION REQUIREMENTS PER UNIT - CFM
38. NUMBER OF SMOKERS PER UNIT X 25 CFM/PERSON 25 25 25 25 38

39. NUMBER OF NON-SMOKERS PER UNIT X 15 CFM/PER PERSON 15 39
40. MINIMUM CFM BASED ON PEOPLE ( 38 + 39 ) 25 40 25 25 40
41. MINIMUM CFM BASED ON CFM/SQ FT ( 15 X   . 25   CFM PER SQ FT ) 38 56 28 28 41
42. MINIMUM CFM PER ROOM ( HOTEL )  ( HOSPITAL ) 42
43. MINIMUM CFM PER UNIT ( GREATEST CFM VALUE OF 40,41,42 ) 38 56 28 28 43

Fig. 6 – Typical Load Estimate
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ROOM COOLING LOAD CALCULATIONS
Loads should be calculated on the basis of the area to

be conditioned by the unit. Table 1 may be used for solar
heat gain and transmission load temperature differences.
If these values do not apply as they are presented, they
may be adjusted to suit the design conditions, or data for
calculating these loads may be obtained from Part 1.
Design conditions, ventilation requirements and internal
loads from people, lights and appliances may be found in
Part 1. As the loads are calculated, certain items should
be noted.

1. Transmission per degree — the summation of the
transmission loads thru the outdoor walls, windows
and roof, calculated on the basis of a one-degree
temperature difference.

2. Room sensible heat gain — the summation of solar
heat, transmission, lights, people and appliance
loads.

3. Minimum ventilation required — the largest of the air
quantities calculated on a person or square foot
basis.

The solar heat gain is usually the major load in the
room and should be calculated with accuracy.
UNIT SELECTION

The induction units selected for a given space must be
able to:

1. Supply a quantity of air to the space in a fixed
proportion to the transmission per degree of the
space. The outdoor air portion of the supply air
must equal or exceed the ventilation requirement.

2. Produce a total cooling capacity that equals or
exceeds calculated room sensible heat gain.

3. Operate at a nozzle pressure consistent with an
acceptable sound level.

In addition to the above three conditions that must be
met, there are three temperatures which must be known
to select an induction unit.

1. Room temperature
2. Primary air temperature
3. Secondary water temperature
The room temperature is selected from the design

conditions. This is the maximum room temperature which
is acceptable at peak design load.

The primary air temperature depends on the selected
apparatus dewpoint temperature. An apparatus dewpoint
temperature may be selected for various moisture loads
from Table 2. The primary air temperature is usually 8

degrees higher than the apparatus dewpoint; this 8
degrees takes into account the effects of the bypass
factor, fan motor heat, and duct heat gain. While this 8
degrees may not be uniform thruout the system because
of duct lengths and air velocities in the ducts, it is a figure
which can be used for most design purposes. For the
south exposure, the peak loading usually occurs when
the primary air is being reheated. Therefore, the primary
air temperature for the south zone units is selected as
being equal to the room temperature unless the south
zone is supplied as a separate zone with its own reheater.

The secondary water temperature may be selected as
low as 3 degrees below the room dewpoint temperature.
Any temperature down to this minimum value allows a dry
coil operation and does not require insulation of the water
risers and runouts or installation of condensate drains.

The best design generally occurs when all the units
are selected to be the same size and type and operate
with the same air quantity. This also allows identical riser
sizing and requires less installation and balancing time.

Make trial unit selections for the typical spaces. The
units selected must have a total cooling capacity to meet
the calculated room sensible heat load. The preferred unit
selection should have a high capacity ratio (total sensible
heat cooling capacity to primary air quantity). The primary
air quantity must satisfy the minimum ventilation
requirements. If the ventilation requirements are not met
with the first trial selection, select a unit with a smaller
capacity ratio. For each unit selected, the size, model, air
quantity, total cooling capacity and nozzle pressure
should be noted. The nozzle pressure must be below the
acceptable limit consistent with the ambient sound level.

Calculate the A/T ratio for each selection. Units may be
grouped in zones by exposure if desired. For each air
zone, select the highest A/T ratio (representative of the
majority of the spaces in that zone) as a base A/T ratio.

Find the maximum required primary air temperature by
using Table 3. The temperature indicated under the
column headed by the base A/T ratio and opposite the
minimum design outdoor temperature is the maximum
required primary air temperature. If this is above 140 F
(generally accepted as an upper limit for the supply air
temperature), then the base A/T ratio must be in-creased
to reduce this temperature or the system may be
designed as a change-over system as explained under
System Modifications.
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TABLE 2 -  DEHUMIDIFIER APPARATUS DEWPOINT SELECTION GUIDE

Dehumidifier Dewpoint*
8-Row Coil

Primary Air ( cfm / sq ft )
6-Row Coil

Primary Air ( cfm / sq ft )

Max. Design
Room Temp

And
Percent RH

Normal
Room Temp

And
Percent RH

Suggested
Room

Dewpoint

Design
People
Loading

Sq Ft
/ Person .2 .3 .4 .5 .6 .2 .3 .4 .5 .6

125 50.2 52.5 53.6 54.3 54.8 49.5 52.0 53.4 54.3 54.8
80 F 45% 77 F 50% 56.6 100 48.4 51.4 52.8 53.6 54.1 47.7 51.0 52.6 53.6 54.2

75 49.5 51.4 52.5 53.2 48.6 51.0 52.4 53.2
50 48.6 50.2 51.0 48.0 49.5 51.1
125 48.0 50.2 51.4 52.0 52.4 46.3 49.8 51.4 52.4 53.0

78 F 45% 75 F 50% 55.0 100 46.2 49.2 50.6 51.6 52.0 48.4 50.3 51.4 52.1
75 47.2 49.0 50.2 51.0 46.4 48.6 50.0 51.0
50 46.0 47.8 49.0 47.4 49.0
125 47.8 49.2 50.0 50.5 47.3 49.0 50.0 50.5

76 F 45% 73 F 50% 53.5 100 46.6 48.1 49.0 49.5 46.0 48.0 49.1 49.8
75 46.8 48.0 48.8 46.6 48.0 48.8
50 46.8 46.2
125 46.6 48.0 48.8 49.5 46.2 47.7 48.6 49.2

75 F 45% 72 F 50% 52.0 100 46.9 48.1 49.0 46.6 47.7 48.5
75 46.8 47.5 46.4 47.5
50 45.5 46.0

*Apparatus dewpoint are based on:
  8-row coil – 100% outside air bypass factor = .03
  6-row coil – 0.1 cfm per sq ft ventilation air bypass factor = .1
  Outside design conditions 95 F db, 75F wb

Calculate the design primary air quantity for each unit
by multiplying the final selected base A/T ratio  by the
transmission per degree for each space making sure that
the ventilation requirements are met.

Make the final unit selections using this design primary
air quantity. The total cooling capacity of the units must
meet the calculated room sensible heat load, and the
nozzle pressure must be below the limit consistent with
the ambient sound level.

 In cases where the base A/T ratio is exceeded, there
may be the possibility of overheating during low outdoor
temperatures. To prevent this condition, the unit should
be selected with sufficient coil capacity to handle the
room load plus the excess reheat
ROOM HEATING LOAD CALCULATION

If provision is to be made for gravity heating, the
gravity heating load must be calculated for each typical
unit. This load consists only of the trans mission heat loss
but, on tall buildings, may include infiltration.

Calculate the water temperature required to meet the

gravity heating load by using the ratings for the units
selected. If the required water temperature is above a
practical limit of 190 F , then the units may be increased
in size of , more practically, the primary air fan can be
operated during the periods of low outdoor temperatures
occurring whe gravity heating is required.

If the system is operated as a change-over system with
hot water supplied to the units during periods of low
outdoor temperatures, the total room  heating load must
be calculated. This load includes the transmission heat
loss plus the amount of heat necessary to raise primary
air to room temperature.

This may be required where the system operates for 12
to 16 hours daily and where a means must be provided to
warm up the building  fater an overnight or weekend
shutdown.
Calculate the water temperature required to meet the total 
room heating load for each typical space. The highest 
temperature required is the design temperature for the 
water heater.
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TABLE 3 – SCHEDULE OF PRIMARY AIR TEMPERATURES

PRIMARY AIR TEMPERATURE (F)
A/T Radio

OUTDOOR
DRY – BULB

TEMP.
(F) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 2.0 2.5 3.0 3.5 4.0

100 56 56 56 56 56 56 56 56 56 58 61 63 64
95 56 56 56 56 56 56 56 56 57 60 62 64 66
90 56 56 56 56 56 56 56 56 59 62 64 66 67
85 56 56 56 56 56 56 57 59 62 64 66 67 68
80 56 56 56 56 56 58 60 62 64 66 67 69 70
75 56 56 56 57 60 63 64 65 67 68 69 70 71
70 56 56 60 63 65 67 68 69 70 71 71 72 72
65 58 65 68 70 71 71 72 72 72 73 73 73 74
60 80 78 77 76 76 76 75 75 75 75 75 75 75
55 102 90 85 82 81 80 79 78 78 77 76 76 76
50 125 103 93 89 86 84 82 81 80 79 78 78 78
45 147 116 102 95 91 88 86 85 83 81 80 79 79
40 128 110 101 96 92 90 88 85 83 82 81 80
35 140 119 108 101 97 93 91 88 85 83 82 81
30 127 114 106 101 97 94 90 87 85 84 83
25 136 121 111 105 101 98 93 90 87 85 84
20 145 127 117 110 105 101 96 92 89 87 85
15 134 122 114 109 104 99 94 91 88 87
10 140 127 118 112 107 101 96 92 90 88
5 147 132 123 116 111 104 98 94 91 89
0 137 127 120 114 106 100 96 93 91
-5 143 131 124 117 109 102 98 94 92
-10 136 127 121 112 105 100 96 93
-15 140 131 124 114 107 101 97 95
-20 135 127 117 109 103 99 96

NOTE : These temperatures are required at the units, and thermostat settings must be adjusted to allow for duct heat gains or losses. The temperatures are based on :
1. Minimum average load in the space equivalent to 10 degrees multiplied by the transmission per degree.
2. Preventing the room temperature from dropping below 72 F. This schedule compensates for radiation and convection effect of the cold outdoor wall.
3. 140 F as the recommended upper limit of reheat.

APPARATUS SELECTION
The primary air apparatus consists normally of a

supply fan, reheater, dehumidifier, air filter, preheater and
outdoor air intake louver, screen and damper. A return air
fan and damper may be used if required.

The equipment is selected for the sum of the air
quantities supplied to the units.

The supply fan is generally a high pressure fan picked
to handle the design air quantity at a calculated static
pressure. The total static pressure required is generally
from 5-8 in. wg. To provide the quietest operation, the fan
should be picked near its maximum efficiency.

The reheater is selected to heat the design air quantity
from 40 F to the temperature indicated by the reheat
schedule plus an allowance of 15-20 degrees for duct

heat loss and to provide a quick warm-up.
The preheater is selected to heat the design air

quantity to approximately 55 F.
The dehumidifier may be either a dry coil or sprayed

coil type; most installations are designed using the
sprayed coil. The sprays serve the following functions:

1. Winter humidification.
2. Additional air cleaning and odor control by washing.
3. Evaporative cooling during marginal weather

operation.
The dehumidifier is generally selected to cool the

design air quantity to an apparatus dewpoint of 48 F
unless conditions indicate that a lower temperature
should be used.
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The dehumidifier load is found from the formula:
Load  = cfmda  X 4.45 x (1 — BF) (h ea— h adp)

Where:
cfm da   = dehumidified air quantity
h ea = entering air enthalpy
hadp       = apparatus dewpoint enthalpy
BF      = dehumidifier bypass factor

The required apparatus dewpoint can be checked on an
individual room basis by the formula:

where:

WadP =  apparatus dewpoint specific humidity (gr/lb)
Wrm   =  room specific humidity (grub)
 Wea  =  air entering dehumidifier specific humidity (gr/lb)
RLH =  room latent heat load
cf mda = dehumidified air quantity
BF     = dehumidifier bypass factor.

From the psychrometric chart the apparatus dew-point
temperature is found equal to the saturation temperature
corresponding to Wadp.

 Example 2 — Apparatus Dew point Calculation

 Given:
Room specific humidity = 64 gr/lb
Specific humidity, air entering dehumidifier = 118 gr/lb
Dehumidifier bypass factor   = .05
Room latent heat = 235 Btu/hr
Room air quantity = 40 cfm

Find:
Apparatus dewpoint

Solution:
       

From the psychrometric chart at a specific humidity of
52.2 gr/Ib, the apparatus dewpoint is found as 49.5 F.

The air filter is selected to handle the design air
quantity at a high efficiency.

The outdoor air louver, screen and damper are
selected for the design air quantity and a face velocity
between 500 and 800 fpm. The higher values are
normally used when there is a return air duct system
without a fan.
DUCT DESIGN

The duct distribution system is made up of headers
and risers to supply the induction units with a constant
volume of air. High velocities are generally used, up to
3000 fpm in the headers and 4000-5000 fpm in the risers.
Because the air distribution system is subject to high
static pressures, tightness is essential. Therefore, rigid
spiral conduit is generally used in place of conventional
ductwork. Welded fittings are used for elbows and take-
offs. Ducts must be carefully sealed to prevent air
leakage.

The static regain method of duct sizing is
recommended for this system. Details of duct design may
be found in Part 2.

The duct distribution system generally includes a
sound absorbing section at the fan discharge to attenuate
the sound level of the high pressure fan. The attenuation
required must be calculated and depends on the sound
generated by the fan, the natural attenuation of the ducts,
and the sound generated by other sources in the duct
system.

The headers installed in unconditioned spaces should
be insulated and vapor-sealed to prevent excessive heat
gain and sweating. The risers should be insulated to
reduce the temperature loss in winter to a minimum of
20% of the difference between the room temperature and
the desired primary air temperature.

Since the risers are normally within the conditioned
space, there is no need to use a vapor barrier or to seal
the surface of the insulation in any way.
REFRIGERATION LOAD
Design Peak Building Load

When calculating the refrigeration load, the building as
a whole should be considered. From a design viewpoint,
the maximum demand for refrigeration is assumed to
occur at the time of instantaneous building peak. The
calculation of this load bears no relation to the room load
calculated for unit selection as the design peak building
load is not the sum of the individual room peak loads.

The time of day at which the building peak occurs
depends on the relative amounts of east, south and west
exposures. Where these exposures are of about the same
magnitude, the building peak usually occurs in the
afternoon when the sun is on the west side and the

Wadp  =
Wrm – (Wea x BF) –

RLH
.68 x cfmda

1 – BF

 =

64 – (118 x .05) – 235
.68 x 40

1 – .05

 =
64 – 5.9 – 8.6

.95
 =

49.5

.95
 = 52.2 gr/lb

Wadp  =
Wrm – (Wea x BF) – RLH

.68 x cfmda

1 – BF
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outdoor wet-bulb is high.
The refrigeration load is determined as follows:

1. Calculate the room sensible heat for the entire
building at the time of peak load.

2. Add the total heat load of the primary air. The
outdoor air is taken from outdoor conditions at the
time of peak load to the required dewpoint
temperature leaving the dehumidifier. Return air
(when used) is taken from room conditions to the
required leaving air dewpoint temperature.

3. Subtract the credit for primary air sensible cooling
between room temperature and primary air
temperature at the unit.

The room sensible heat includes the solar,
transmission, lights and people sensible load, assuming
peak zone rooms are at the design temperature; all other
rooms are at their thermostat setting, usually taken as S
degrees below design.

The refrigeration load can be reduced at peak loading
by operating the equipment longer and taking advantage
of storage and precooling. Refer to Part 1 for
explanations of storage and precooling.
Example 3 — Refrigeration Load Calculation
Given:

A typical building oriented with the largest exposures facing east
and west.

Time of estimate — 4 p.m. during July
Outdoor dry-bulb temp = 95 F
Outdoor wet-bulb temp = 75 F
Indoor design dry-bulb temp = 78 F
Indoor design relative humidity = 45%
Apparatus dewpoint = 48 F
Latitude = 40 ° N
Daily range of temperature = 14 deg
Length of operation = 16 hours
Ordinary glass double hung, wood sash, light colored
     venetian blinds
Wall construction, U = .34, wt   = 100 lb/sq ft
Roof construction, U = .18, wt = 40 lb/sq ft
Room temperatures, W exposure   = 78 F

N, E, S exposures    = 75 F
Air quantities

Exposure Outdoor Air Return Air
West 5060 cfm 4716 cfm
East 5300 4936
North 1720 1604
South 2160 2022

14240 cfm 13278 cfm

Find:
    Refrigeration load

Solution:

BUILDING SENSIBLE HEAT LOAD
Solar Gain — Glass

Sq Ft Heat Storage Shade Area Btu/hr
Gain Factor Factor Factor

W Glass, 5100  X 164 X .66 X .56 X 1/.85= 364,000
E Glass, 5100  X   164 X   .16 X .56 X   1/.85= 88,200
N Glass, 2270  X     15 X   .88 X   .56 X 1/.85 = 19,750
S Glass, 2270  X 69 X   .45 X   .56 X   1/.85 = 46,500

Solar and Transmission Gain — Walls and Roof
Sq Ft Trans Temp       Btu/hr

                                  Factor Dill
W waIl, 9800 X .34 X (12 + 5) = 56,600
E wall, 9800 X .34 X (18 + 8)  = 86,600
N wall, 5180 X .34 X (  4 + 8)  = 21,150
S wall, 5180 X .34 X (16 + 8) = 42,300
Roof, 6336 X .18 X (38 + 8) = 52,500

Transmission Gain — Glass
Sq Ft Trans      Temp Btu/hr

Factor Dill
W Glass, 5100 X 1.13 X 16 = 92,000
E-N-S Glass, 9640 X 1.13 X 19 =  206,000

Internal Heat Gain
 Heat      Storage     Factor
Gain       Factor       Div Btu/hr

People, 600 X 215 X .89 X .9      = 103,200
Lights,     130,000 X  3.4 X .89 X .85  = 334,000

Subtotal 1,512,800

Storage
Sq Ft Storage Temp Btu/hr

Factor Diff
W zone, 19,000 X1.25 X(—3) =71,200
Building sensible heat =1,441,600

PRIMARY AIR LOAD
Cfm Conv Enthalpy Contact Btu/hr

Outdoor Air Factor            Diff Factor
14,240   X  4.45 X (38.62 — 19..22) (1 — .05) =

1,168,000
Return Air, W zone

   4,716 X  4.45 X (28.79 — 19..22) (1 — .05) =
190,000
Return Air, E-N.S  zones

   8,562 X  4.45 X (28.11 — 19.22) (1 — .05) =    321,000
Primary air load                           1,679,000

  Subtotal                =  3,120,600

www.HVAC-ENG.com



Part 11. Air-Water System  |  Chapter 1. Induction Unit  System

CREDIT FOR PRIMARY AIR COOLING

Cf m Conv Temp    Btu/hr
Factor          Diff

W zone, 9,776 X 1.08 X (78—56)    = - 232,500
N.S-E zones, 17,742 X 1.08 X (75—56)    = - 364,000

Credit subtotal  = - 596,500
Net refrigeration load  = 2,524,100

Notes: 1. All the values for the heat gain calculations may be 
obtained from Part 1.

 2. Judgment must be used in estimating the diversity 
factors.

PIPING DESIGN
Water and steam piping arrangements and sizing may

be found in Part 3.
The water distribution system (Fig. 7) consists of two

interconnected circuits, the primary water and the
secondary water circuits.

The primary water piping connects the dehumidifier in the
primary air apparatus, the refrigeration machine, and the
primary chilled water pump.

The secondary water piping connects the induction unit
coils, the secondary water pump, the three-way control
valve, and the hot water heater. One side of the three-way
valve is connected to the primary water circuit.

The secondary water piping is usually designed as a
complete reverse return system, but may also be
designed with reverse return headers and direct return
risers where it is more convenient or more economical.

Proper allowances must be made for the expansion of
all piping. Horizontal runouts from risers to units should
have a minimum lehgth of two feet to absorb the vertical
expansion of the riser.

The primary chilled water pump should be selected for
the total water quantity required by the dehumidifier(s).
The pump head is the sum of the friction losses for the
cooler, dehumidifier and primary circuit piping with
maximum flow.

The secondary chilled water pump should be selected
for the total water quantity required by the induction units
multiplied by a diversity factor (if applicable). Diversity
which is explained in Part 3 may be used when more than
one exposure is served by a common secondary water
circuit and automatic modulating valves are used to
control flow. Diversity cannot be used when there are no
automatic modulating control valves used in the system.
The pump head is determined by the total pressure drop
thru the piping system, induction unit, valves, strainers
and other accessories using the water quantity required
by the pump.

The secondary water system should have an open
type expansion tank to permit air venting, to provide for
expansion with a rising temperature, and to provide a
static head on the suction of the secondary pump.

When units use water throttling as a control means and
the valves are partially closed, the water flow in the risers
is reduced, as is the pressure drop. This tends to
increase the pressure difference across the valves. To
assure satisfactory control when many of the units are
throttled, the system should be so designed that the
pump head does not exceed the maximum pressure
recommended by the valve manufacturer for valve close-
off. It is desirable to select a pump with a flat head
characteristic so excessive pressures do not result during
reduced flow.

Air vents should be provided at system high points
which cannot vent to the expansion tank. Pitch all piping
upward to avoid air pockets so that air is carried along
and vented.

All chilled water piping including valves and fittings
other than the secondary water supply and return risers

Fig. 7 – Water Distribution System
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and runouts should be covered with not less than an
equivalent of one-inch wool felt insulation with sealed
canvas covering and an adequate vapor seal. If the
design secondary water temperature is no more than 3
degrees below the design room dewpoint, it is not
necessary to insulate the supply and return riser group.
However, when omitting insulation from these risers, they
must be sealed from unconditioned spaces, (basement or
attic). If the 3 degree limitation is exceeded, supply and
return risers should have a minimum of 1/2 inch of
insulation with an adequate vapor seal. Under this
condition the runouts to the units may be insulated with
any insulation that provides a vapor seal.

Condensate drain piping from the induction units is
usually not required if the secondary water temperature is
maintained above a minimum of 3 degrees below the
room dewpoint. When there is an unusually high latent
load in a space such as a hotel or motel room with an
adjoining shower bath or a room adjacent to a kitchen,
condensate drains may be required. If there is any
indication that the room dewpoint cannot be maintained
by the primary air, drains should be installed. Size the
drains as recommended in Part 3.

WATER HEATER
The water heater should be selected to have a

capacity equal to the sum of the following three items:
1. The calculated transmission load of the zone or

building.
2. Twenty percent of the transmission load to allow for

quick warm-up.
3. The primary air load, calculated as the heat

required to raise the temperature of the primary air
from approximately 40 F to room temperature.

The water temperature leaving the heater is
determined from the unit selections by using the highest
water temperature required for the units in the zone
served by the heater.
Example 4 — Water Heater SelecHon
Given:

Room temperature          =   75 F
Outdoor temperature                 =     0 F
Secondary water quantity          = 570 gpm
Required hot water temperature          = 131 F

    Same building as used in Example 2
Find:
     Total heat load for selecting water heater

Duty specifications for water heater
Solution:

TRANSMISSION LOSSES
Sq Ft Temp Trans       Btu/hr

  Duff Factor
Roof 6,336  X   (75 —0)   X    .18     =     85,500

Windows       14,720 X   (75—0)   X  1.13     =  1,247,000
Walls             29,970 X   (75 —0)   X    .34     =     764,000

         Subtotal          = 2,096,500
20%  for warm-up                    =     419,500

PRIMARY AIR LOAD
   Cf m      Conv          Temp

   Factor      Diff
27,518 X 1.08 X (75—40) =  1,040,000

Total Heat Load =  3,556,000

Select a water heater to heat 570 gpm from 118.5 F to 131.0 F with
a water pressure drop not to exceed 5 psi and with afouling factor
allowance of 0.001.

Temperature rise = 500 X gpm
Total heat

== 500 X 570
3,556,000 12.5

Fig. 8 – Induction Unit System Control
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CONTROLS
The following description gives a recommended

control sequence for a typical system. Figure 8 is a
schematic control diagram for the basic components of
the system shown in Fig. 1. It is based on a system for an
office building on 12-hour operation with 100% outdoor
air utilizing the primary air dehumidifier to cool the
secondary water during the winter season. Provision is
made to change over the system to hot water when
needed for winter heating or gravity heating.
PRIMARY AIR DAMPER

A momentary contact push button in the primary air fan
starter energizes the electric-pneumatic switch which in
turn causes damper motor M1 to open the normally closed
outdoor air damper. When the damper has traveled to a
predetermined position, it energizes a limit switch to start
the fan motor. With this arrangement the fan operates only
when the dampers are open, thus preventing damage to
the apparatus casing because of a vacuum.
PRIMARY AIR PREHEATER

A direct acting thermostat T1 located after the preheater
controls the preheater steam valve. The thermostat is set
to control at 50 F since a lower setting may cause the
dehumidifier sprays to freeze.
PRIMARY AIR REHEATER

The reheater is controlled according to a reheat
schedule from Table 3. A master outdoor thermostat T2located in the outdoor air intake resets the control point of
the submaster fan discharge air thermostat T3 which
controls the reheat, valve. A manual switch is provided so
the valve can be operated in a full open position if a quick
warm-up is needed at start-up on cold mornings. When
actuated by the change-over switch, relay R1 allows valve
V2 to assume its normally closed position.
SECONDARY CHILLED WATER

A three-way mixing valve V3 is controlled by direct-
acting thermostat T4 which has its thermal bulb located in
the secondary chilled water line. The thermostat regulates
valve V3 to mix the proper amounts of chilled water and
return water, satisfying the thermostat setting. When
actuated by the change-over switch, relay R2 allows valve
V3 to assume the position of full water flow thru the heater.
WATER HEATER

The water heater is normally inoperative but, when
relay R3 is actuated by the change-over switch,
thermostat T5 controls valve V4 supplying steam to the
water heater.

ROOM TEMPERATURE CONTROL
The room control is generally automatic, usually either

pneumatic or self-contained.
When pneumatic control is used, a normally open

control valve is provided. The control thermostat
operation is direct-acting with hot water in the circuit, and
is reverse-acting with cold water in the circuit. The
reversing of the action of the thermostat is accomplished
by varying the main air pressure to the thermostat. For
gravity heating the control air pressure is bled to zero and
the control valves assume their normally open position.

The self-contained control may be either a water
control valve or a coil face and bypass damper. The
control thermostats reverse their action depending on the
water temperature available.
SAFETY THERMOSTAT

Safety thermostat T6 located in the water line leaving
the dehumidifier shuts down the primary air fan when the
chilled water temperature drops to 35 F. This may occur if
the preheater fails during outdoor temperatures below
freezing.
SYSTEM MODIFICATIONS

This section points out certain variations that may be
incorporated in the induction unit system. In this section
are also included the calculation of the off-season cooling
requirements, some sources of the off-season cooling, an
explanation of the changeover system and the use of
return air.
OFF-SEASON COOLING

As the outdoor temperature decreases, a point is
reached where the main refrigeration system may be shut
down and other sources used to cool the secondary
water.

The total net cooling load on the secondary water is
determined at the outdoor temperature (when the main
refrigeration system is shut down), by making a block
estimate for the exterior zone as is done to determine the
design refrigeration load in summer.

When calculating the solar heat gain and light load,
the storage load factors for 24-hour operation should be
used, regardless of the length of time the system is
operated.

Example 5 shows the calculations for the total net
secondary coil load for summer operation and for two
different periods of off-season operation.
Example 5 — Off-Season Refrigeration Requirement
Given:

Same building as in Example 2
Find:
Off-season refrigeration loads
Solution:
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July,   4 P.M. October,  2 P.M. April,  4 P.M.
Outdoor Temperature 94       48 48
Room Temp – Peak zone                       W     78                     S           78                       W     78
                     - Other zones                    E-N-S  75                     E-W-N   75                     E-N-S 75
Primary Air Temperature 56       88 88
Hours of operation 16                                   24 (equiv.)                                24 (equiv.)
Solar Gain – Glass

      Sq Ft    Shade      Area Heat Storage Btu / hr
Heat Storage Btu /

hr Heat Storage Btu / hr

  Factor   Factor Gain Factor Gain Factor Gain Factor
West    5100   X   .56   X   1/.85 X   164     X   .66           364,000 X 122     X  .36         147,500 X 162      X      .66       359,000
East     5100   X   .56   X   1/.85 X   164     X   .16             88,200 X      127     X   .20          82,000 X    162      X      .16          87,000
North   2270   X   .56    X   1/.85 X     15     X   .88              19,750 X          7     X   .85             8,920 X      11      X      .88          14,500
South    2270  X   .56    X   1/.85 X     69     X   .45              46,500 X      162     X   .89         168,000 X    102      X      .45          69,000
Transmission Gain – Wall and Roof

Sq Ft Trans Temp Btu / hr                  Temp  Btu / hr Temp Btu / hr
Factor  Diff  Diff  Diff

West         9800 X .34 X 17   56,600 X -32          -106,500 X -30            -100,000
East          9800 X .34 X 26   86,600 X -20          -  66,650 X -21            -  70,000
North        5180 X .34 X 12   21,150 X -37          -  65,100 X -35            -  61,700
South        5180 X .34 X 24   42,300 X -16          -  28,200 X -17            -  29,900
Roof          6336 X .18 X 46   52,500 X -20          -  22,800 X -  3            -    3,420
Transmission Gain - Glass

Sq Ft Trans Temp Btu / hr Temp Btu / hr   Temp    Btu / hr
Factor  Diff  Diff                        Diff

West 5100 X 1.13 X 16   92,000 X -27          -155,500 X -30           -173,000
South 2270 X 1.13 X 19   48,000 X -30          -  77,000 X -27           -  69,300
Other 7370 X 1.13 X 19 158,000 X -27          -225,000 X -27            -225,000
Internal Heat Gain

Heat    Div Storage Btu / hr Storage Btu / hr Storage       Btu / hr
Gain Factor Factor Factor Factor

600 people                 X  215  X .9 X .89 103,200 X .83  96,300 X   .87           101,000
130,000 watts                  X  3.4  X  .85 X .89 334,000 X .83                312,000 X   .87           327,000

SUBTOTAL                  1,512,800                           68,020                    225,000
Storage – Temp Swing

Sq Ft Temp Storage Btu / hr Storage Btu / hr                Storage                 Btu / hr
  Diff  Factor  Factor                  Factor

W Zone 19,000 X      3        X-1.25           71,200       X-1.4                      80,000
S Zone   9,500 X      3      X    -1.4                 40,000

BUILDING SENSEBLE HEAT                1,441,600 28,020 145,180
Primary Air Load
Cfm Conv Temp Btu / hr Temp Btu / hr Temp Btu/ hr

Factor  Diff  Diff  Diff
West    9776 X 1.18 X (56 – 78)      -232,500 X (88 – 75) 137,300 X (88 – 78)                105,500
South    4182 X 1.08 X (56 – 75)      -  85,800 X (88 – 78) 45,200 X (88 – 75) 58,700
Other 13,560 X 1.08 X (56 – 75)      -278,200 X (88 – 75) 190,200 X (88 – 75) 190,200

NET REFRIGERATION LOAD                   845,100* 400,720 499,580
* Does not include outdoor air load.
  NOTES : 1. Temperature differences for walls are corrected for solar radiation and for outdoor temperature. Daily range is 14 degrees.
                 2. All values for heat gain calculation may be obtained in Part 1.
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Example 5 shows that the off-season load is still
substantial even though it has been greatly reduced from
the summer peak.
SOURCES OF OFF-SEASON COOLING

Since a year-round source of cooling is required and
since it is desirable to shut down the main refrigeration
system during the winter months, an alternate economical
means of cooling the secondary water must be provided.

One method is by using the outdoor air as a source of
cooling in the primary air apparatus. When the outdoor air
has enough capacity to cool the secondary water, the
main refrigeration machine can be shut down and the
secondary water circulated thru the coils of the primary
air dehumidifier. By means of evaporative cooling, a
considerable amount of heat can be removed from the
secondary water and added to the primary air.

Although a considerable amount of cooling of the
secondary water can be obtained from the primary air
dehumidifier, it may not be sufficient to handle the entire
off-season cooling load. Under such circumstances the
interior zone dehumidifier becomes a supplementary
cooling source which may be combined with the primary
air dehumidifier to provide sufficient capacity.

Both interior zone and primary air dehumidifiers are
available in most buildings, and can usually be used
without any addition in first cost. The chilled water piping
is the same as is used in summer operation, except that
the refrigeration machine must be bypassed and the
primary water quantity is made equal to the secondary
water quantity. Figure 9 shows the chilled water piping
when using the dehumidifiers for the off-season cooling
source.

Since water may be circulated thru the dehumidifiers
when the outdoor temperature is below freezing, it is
necessary to protect the coil from freezing.

The most common method of freeze-up protection is
the use of a conventional nonfreeze steam coil as a
preheater. Normal precautions should be used to insure
even temperature distribution, good steam distribution,
and proper condensate removal. Another method
involves the use of a hot water preheat coil (Fig. 10). The
water circuit should be protected with an antifreeze
solution. The water coil provides a more accurate control,
and eliminates most of the stratification problems.

Air wet-bulb temperatures entering the dehumidifier
coils must be maintained high enough to prevent freezing
of sprays and dehumidifier; they must be low enough to
provide cooling of the water supplied to the induction
units. The entering air dry-bulb temperature is usually
controlled at 50 F. This provides a wet-bulb temperature
above freezing, and with the sprays providing
evaporative cooling the temperature of the air entering
the coils is generally low enough to provide the necessary
water cooling.

If the interior zone dehumidifier is used as a cooling
source, a reheater should be supplied to prevent
overcooling of the interior spaces.

Another economical method of handling the off

Fig. 10 – Hot Water Preheat Coil

Fig. 9 – Off-Season Cooling Using Primary Air
Coils Plus Interior Zone Dehumidifier Coils
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season load is by using a supplementary refrigeration
system as a heat pump. The heat removed from the
secondary water is used to reheat the primary air by
means of a condenser water reheat coil.

The heat pump unit may be a small package water
chiller with only the capacity required to supplement the
cooling available from the primary air dehumidifier, or it
may be a centrifugal machine large enough to handle a
good share of the peak summer load.

When selecting the most economical heat pump
arrangement, several factors must be considered, the
most important of which is the relative cost of
conventional heating (steam, hot water) versus an
electrically-driven heat pump.

Figure 11 shows a typical heat pump arrangement.
The main refrigeration system is divided into two
refrigeration machines so that a single machine can
operate within the stable range and handle the offseason
load economically. Since free cooling is not desired, the
dehumidifier is bypassed for winter operation.

When it is more economical to use steam for reheating
the primary air, the heat pump should be used only to
supplement the free cooling available from the
dehumidifier. This type of arrangement is presented in
Fig. 12 and 13. Figure 12 shows the cooler of a heat
pump unit piped in parallel with the cooler of a main
refrigeration machine. Figure 13 shows two coolers piped
in series with only partial chilled water flow thru a heat
pump cooler. In both drawings the piping is arranged so
that during winter operation the water is cooled as much
as possible in the dehumidifier before entering the heat
pump. With this arrangement the refrigeration machine for
the heat pump need be large enough to handle only that
portion of the off-season load which cannot be handled
with dehumidifier.

The heat pump arrangement may require an additional
investment in equipment. However, since the refrigeration
machine for the heat pump forms an integral part of the
refrigeration system for summer operation, the increase in
cost is not as much as it may appear to be at first glance.

Fig. 11 – Off-Season Cooling Using a Heat Pump System
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CHANGE-OVER SYSTEM
The change-over system differs from the previously

described nonchange-over system in that heating during
low outdoor temperatures is accomplished by circulating
hot water thin the secondary water circuit rather than by
supplying warm primary air to the rooms. Cooling is
available during the winter cycle by supplying cool
primary air.

There are several conditions when the induction
system may be designed as a change-over system.

1. When the air quantities must be increased to keep
the primary air temperature below the suggested
140 F maximum of the nonchangeover system.

2. When a satisfactory change-over point above
35 F may be obtained with no increase in primary
air.

3. When there is no means available for chilling
     the secondary water during the winter season.
The system is generally changed over from cold

secondary water to warm secondary water when the
transmission heat loss thru the outdoor exposures plus

the cooling capacity of the primary air offsets the sun,
lights and people heat loads of the room. The following
emperical formula is offered to approximate this
temperature.

where:
tco   = change-over temperature
trm  = room temperature at time of change-over

(normally 76 F)
tpa    =  primary air temperature at the unit after

the system is changed over (normally 48 F)
cfmpa = primary air quantity
S     = net solar heat gain (Btu/hr)
L = heat gain from lights (Btu/hr)
P = sensible heat gain from people (Btu/hr)

tco =  trm - S+L+P-[1.08Xcfmpa(trm-tpa)]
transmission per

Fig. 12 – Off-Season Cooling With Auxiliary Cooling In Parallel
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Figure 1.4 indicates the general pattern of outdoor
temperatures during the year. It can be seen that the
change-over temperature can occur many times during
the year. It normally takes a period of several hours to
change over a system; therefore, the number of change-
overs should be limited and the system changed over
only when outdoor conditions remain such that the
system need not be changed back againfor some time.

The actual outdoor temperature at which the operator
changes over the system (either from cold to warm or
from warm to cold water) is generally found by
experience in operating the system. The change-over
point is usually considered as a range of temperatures
(approximately  5 degrees) rather than one specific
temperature. This range decreases the number of times
the system must be changed over during the intermediate
seasons.

For example, if the calculated change-over
temperature is 45 F and the system has been operating
on the summer cycle (cold water in the secondary) and
the temperature is expected to drop to around 40 F for
several days and then warm up again, the system should
not be changed over. But if the forecast predicts a
temperature down to 30 F with high temperatures of 50 F
during this period, then the system should be changed
over. The reverse applies when the system is operated on
the winter cycle.

Figure 15 shows graphically a temperature schedule

Fig. 13 – Off-Season Cooling With Auxiliary Cooling In Series

Fig. 14 – Outdoor Temperature Pattern
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for an induction system. This indicates the relative
temperatures of the primary air and secondary water
thruout the year, and also the change-over temperature
range. The solid arrows show the temperature variation
when changing over from summer cycle to winter cycle,
and the open arrows show the temperature variation
when going from winter cycle to summer cycle.

In the calculation of the primary air quantity for the units
of a change-over system, a deviation from the base A/T
ratio may be used. This deviation is an experience factor
which allows a closer matching of the unit capacity to the
total cooling load of the space. The deviation allows a
minimum temperature swing in the room. The maximum
deviation (down to 0.7 multiplier) may be taken for
buildings with heavy construction and small glass areas.
For buildings with all glass or curtain wall construction, a
deviation should not be used since there is a quicker
response to the effects of outdoor temperature changes.

After the final unit selections are made, the water
temperatures required by the units for winter heating are
calculated when the units are operated with primary air
and when the units are used as gravity convectors. A
lower room is usually used for the gravity heating
requirements.

The reheat coil is selected with an entering
temperature of 40 F. The leaving temperature is based on
the primary air temperature specified by the reheat
schedule (Table 3) at the calculated changeover
temperature. The leaving air temperature used for the
selection should be 25 degrees higher to allow for duct
heat losses. This also provides a reserve capacity for a
quick warm-up of the building and for any required
adjustment of the reheat schedule.

With a change-over system, insulation is generally not
required on the air risers, provided all openings in the
floors are sealed to prevent stack effect and to retard
circulation within the furred space. It is sometimes
desirable to insulate the last two sections of the riser
because the air quantities are small and the velocities are
low; these low velocities allow a significant heat loss from
these sections. As an alternate to insulating the risers, the
air quantity of the units on the next to last floor may be
selected on the basis of the base A/T ratio plus 10%, and
the last units on the basis of the base A/T ratio plus 20%.
RETURN AIR

Room air may be returned to the primary air apparatus
when the unit selections indicate that the primary air
quantity exceeds the minimum ventilation requirements
and when space is readily available for return air ducts.

When return air is used, it is possible to reduce the
outdoor air quantity at peak loads only to 0.1 cfm per
square foot, providing that the total primary air supplied
to the units exceeds a minimum of 0.4 cfm per square
foot. This provides a means to reduce the refrigeration
requirement at peak loads. When the refrigeration
machine can handle the load, the outdoor air quantity
should be again operated at the design quantity.

When a return air system is used, the air is generally
returned to the primary air apparatus by a return air fan.
This fan operates at a static pressure to overcome the
resistance of the return air system. This fan may also be
used as an exhaust fan when the primary air system is
operated with more than the minimum outdoor air
quantity.

Fig. 15 – Temperature Schedule
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CHAPTER 2. PRIMARY AIR FAN-COIL SYSTEM

The primary air fan-coil system is in many ways similar
to an induction unit system; the essential difference is the
substitution of a fan-coil unit for the induction unit. The
most suitable applications for the system are multi-room
buildings such as hotels, hospitals and apartment
houses, where the units need not be operated as
convectors in winter.

This is a basic fan-coil system to which is added a
second source of heating or cooling and positive
ventilation. Its over-all performance is comparable to that
of a change-over induction unit system. When
performance is of more concern than first cost, this
system may be considered. However, because of its first
cost, an evaluation of an induction unit system may be
advantageous before making a system choice.

Fan-coil units may be located along the perimeter of a
building with the primary air supplied directly to the units
(Fig. 16a) or from a corridor duct directly into the room
(Fig. 16b). Where the climate permits, the units may be
suspended from the ceiling with the primary air supplied
from a corridor duct (Fig. 16c).The latter arrangement
may be less costly than that with the units along the
perimeter of the building because of the more compact
nature of the ductwork and piping layout.

This chapter includes System Description, System
Features, Controls and Engineering Procedure for
designing a complete primary air fan-coil system.
SYSTEM FEATURES

The primary air fan-coil system has the following
features:

1. Simultaneous Heating and Cooling — The system
provides two sources of capacity during the
summer and winter seasons. In winter or below the
change-over point, hot water is supplied to the
room units and cool air is supplied from the
primary air system. During the summer or above
the change-over point, cold water is supplied to.
the room units and the primary air is heated
according to a reheat schedule.

2. Individual Room Temperature Control — The
system is ideally adapted to individual room
temperature control because each unit has an
integral cooling and heating coil designed for
chilled and hot water.

3. Confined Room Air Circulation — Each unit
recirculates room air only. Recirculation of air
between rooms is kept at a minimum.

4. Positive Ventilation At All Times—A constant
supply of outdoor air is delivered to each fan-coil
unit after being properly conditioned, filtered,
humidified or dehumidified, and heated or cooled
in the central apparatus.

5. Under-The-Window Air Distribution — Under-the-
window, upward air distribution is available and is
superior to other types for small rooms, particularly
in areas with low winter outdoor design
temperatures.

Fig. 16 – Primary Air Fan-Coil Arrangements
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SYSTEM DESCRIPTION
Figure 17 is a sketch of the system

CENTRAL APPARATUS
The central apparatus is either a built-up apparatus or

a packaged fan-coil unit which conditions the outdoor air
and supplies it to the room unit or directly to the room by

Fig. 17 – Primary Air Fan-Coil System
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a corridor duct. The air distribution system may be either
low or high velocity. A low velocity system is normally
used if the primary air is discharged from a corridor duct
directly into the room or supplied to units suspended from
the ceiling. With space available a low velocity system
results in the greatest economy of owning and operating
costs.

The apparatus contains filters to cleanse the air,
preheaters (when required) to temper the air, and a
humidifier or dehumidifier to add humidification or remove
excess moisture from the warm humid air. It also contains
reheaters to heat the air from a predetermined schedule
as the outdoor temperature falls to the change-over
temperature. The primary air is held at a constant
minimum temperature when the outdoor temperature is
below the change-over temperature. When the primary air
is supplied directly to the room, its minimum temperature
is maintained sufficiently high to prevent drafts. Outdoor
air to the apparatus is admitted thin a louver and screen.

Chilled water from a central refrigeration plant is
circulated thru the dehumidifier coils in the central
apparatus, an(l then mixes with recirculated water from
the secondary water circuit to maintain a constant water
temperature to the fan-coil units.
FAN-COIL UNIT

Figure 18 illustrates the basic elements of the fan-coil
unit, including a recirculated air inlet, primary air inlet
(optional), filter, fan, cooling and heating coil, and
discharge air outlet.

The unit is supplied with cold or hot water depending
on the outdoor temperature.

Room temperatures are maintained by thermostatically
controlling the water flow.
ENGINEERING PROCEDURE

The following procedure is offered to assure a practical
operating air conditioning system. A survey and
preliminary layout are required as outlined in Part 1.
Room loads and minimum ventilation air quantities are
also determined from Part 1.

ROOM COOLING LOAD
Calculate the sensible and latent heat loads for all

typical exposures: east, west, north, south, and any
space that has unusual loads. It may be necessary to
allow some flexibility in these calculations to allow for
future partition changes, depending on the type of
application. In most multi-room applications 8 to 16 room
load calculations required.
ROOM HEATING LOAD

Calculate the room heating loads. They include the
heating requirements to offset transmission and infiltration
and also sufficient heat to temper the primary air from the
temperature entering the room to the room winter design
temperature.
PRIMARY AIR QUANTITY

Determine the ventilation air required for each unit from
Part 1.

The primary air quantity should be determined in
accordance with the A/T ratio concept as explained in
Chapter 1. For each unit, calculate an A/T ratio which is
the ratio of the unit ventilation air quantity to the total
transmission per degree thru the outside exposed areas
of the space served by the unit. Select the highest
calculated A/T ratio as a base A/T ratio. Calculate the
design primary air quantity for each unit by multiplying
the base A/T ratio by the transmission per degree for the
space served by each unit. The total primary air quantity
for the system equals the sum of the primary air quantities
required for each unit.
UNIT SELECTION

Select room units to satisfy these requirements:
1. Maximum room sensible load with a credit for the

primary air cooling.
2. Maximum room and primary air heating load.
Unit selections can be made from a manufacturer’s

catalog.
The unit is normally adequate for zone depths of

approximately 20 feet. Vertical air distribution from the
perimeter unit spreads out in blanketing the exterior wall
and travels along the ceiling for a distance of 15 to 20

Fig. 18 – Typical Fan-Coil Unit
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feet before falling toward the floor in return air circulation.
The secondary water temperature should be selected

to provide the required sensible heat capacity of the unit.
In some cases the water temperature may be low

enough to provide some latent heat removal. This may
allow a higher apparatus dewpoint selection for the
dehumidifier.

The water flow rate is dependent on the unit selection
and cooling load, but should not be below the minimum
flow which maintains turbulent conditions. Turbulent
conditions for a 3/8, 1/2 and 5/8 inch OD tube is
approximately 0.5, 0.7 and 0.9 gpm respectively.

The same water rate is used for heating as is used for
cooling. The hot water temperature is calculated for each
unit selection and the maximum temperature is used as
the design.
DUCT DESIGN

High or low pressure ductwork can be used for the
primary air system. Refer to Part 2 for the design and
sizing of the ductwork.

Although other methods of duct sizing such as equal
friction or velocity reduction may be used, the static
regain method is preferred. A system designed for static
regain is nearly self-balancing because it is designed for
the same static pressure at each terminal. Static regain
design minimizes field balancing, aids the maintenance
of system stability, and reduces fan horsepower
requirements.

PIPING DESIGN
A single piping system is used to circulate chilled or

hot water to the fan-coil unit. Normal design practice
should be followed in system layout as shown in Part 3.
Either a direct return or a reverse return system may be
used. However, a reverse return system (Fig. 19) is
preferred and should be used whenever practical since it
is an inherently balanced system.

Drain piping should be sized as recommended in Part
3.

Secondary chilled water riser piping and unit run-out
insulation is not required when chilled water temperatures
are no lower than 3 degrees below the room dewpoint
and when the risers are furred in.
CENTRAL APPARATUS

Select the central air handling apparatus for the total
primary air quantity.

The dehumidifier load is determined from the formula:
Load = cfmda X 4.45 X (1 — BF) (hea — hadp)

where:
cfmda = dehumidifier air quantity
h ea = entering air enthalpy
hadp = apparatus dewpoint enthalpy
BF = dehumidifier bypass factor

The required apparatus dewpoint can be determined
on an individual room basis by using the formula:

where:

Wadp  =  apparatus dewpoint specific humidity (gr/lb)
Wrm   = room specific humidity (gr/lb))
Wea   = air entering (lehUmidiher specific humidity (gr/lb)
RLH  = room latent heat load
cf mda = dehumidified air quantity supplied to room
BF       = dehumidifier bypass factor

The selected apparatus dewpoint should be
representative of the majority of the spaces.

If this selected apparatus dewpoint is lower than
approximately 48 F, an adjustment may be necessary in
the selected secondary water temperature so the fan-coil
units can accommodate part of the latent load. A few
degrees drop in the secondary water temperature can
provide a considerable amount of latent heat removal in
the fan-coil unit.

Wadp =

Wrm – (Wea x BF) -

1 - BF

.68 X cfmda

RLH

Fig. 19 – Schematic of Water Piping, Primary Air
Fan-Coil System
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Select the reheat coil to heat the primary air quantity
from 40 F to a temperature based on the primary air
temperature required at the change-over temperature
(Table 2, Chapter 1). The leaving air temperature used
for the selection should be increased by 25 degrees to
provide for duct heat losses and reserve capacity for
quick warm-up of the building. Change-over temperature
and the reheat schedule are determined as in Chapter 1.

The preheater coil is selected to heat the primary air
from the minimum outdoor design temperature to about
50-55 F.

The fan is selected for the primary air quantity and a
static pressure sufficient to overcome the resistance in
the apparatus and ductwork.

The filter is selected for the design air quantity an(l
should have a good efficiency of about 85-95% based on
the weight method of testing filters.
REFRIGERATION LOAD

The refrigeration load is equal to the sum of the peak
building (or block estimate) sensible heat load and the
dehumidifier load, less a credit for the primary air cooling
of the conditioned spaces.
WATER HEATER

The water heater is selected as in Chapter 1.

CONTROLS
A basic control arrangement for the fan-coil unit,

primary air apparatus and secondary water circuit is
illustrated in Fig. 20 and 21. The controls are similar to
those required for an induction system except at the fan-
coil unit.
UNIT CONTROL

The fan-coil unit capacity is controlled by varying the
water flow to the coil within the unit.

The room thermostat should be located on the room
wall and not at the unit when primary air is admitted
directly to the unit.

When provision is made to shut off fans, the water flow
must also be shut off at the same time to prevent damage
from condensation. If the chilled water is permitted to
flow, the entire unit can approach the temperature of the
chilled water including the condensate pan and drain
line. This can lead to condensation problems such as
water spotting and mildew.

Fig. 21  - Control Package, Fan-Coil Unit,
Manual Three-Speed  Fan Control With

Automatic On-Off Waterflow

Fig. 20 – Typical Control Diagram Pneumatic
Primary Air Fan-Coil System
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SECONDARY WATER CIRCUIT AND PRIMARY AIR
APPARATUS CONTROLS

The secondary water circuit and primary air apparatus
controls are similar to those used with the induction unit
system and the control sequence is the same as
described in Chapter 1.
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Fig. 1 Typical Induction Unit System

Fig. 2 Typical Induction Unit

Fig. 3 Calculation of A/T Ratio

Fig. 4 Relative Locations and Costs of Piping and Wiring

Fig. 5 Typical Floor Plan

Fig. 6 Typical Load Estimate

Fig. 7 Water Distribution System

Fig. 8  Induction Unit System Control

Fig. 9 Off-Season Cooling Using Primary Air Coils Plus Interior Zone Dehumidifier Coils

Fig. 10  Hot Water Preheat Coil

Fig. 11  Off- Season Cooling Using a Heat Pump System Coil

Fig. 12  Off- Season Cooling With Auxiliary Coolers In Parallel

Fig. 13  Off- Season Cooling With Auxiliary Coolers In Series

Fig. 14  Outdoor Temperature Pattern

Fig. 15  Temperature Schedule

Fig. 16  Primary Air Fan-Coil Arrangement

Fig. 17  Primary Air Fan-Coil System

Fig. 18 Typical Fan-Coil Unit

Fig. 19 Schematic of Water Piping, Primary Air Fan-Coil System

Fig. 20  Typical Control Diagram Pneumatic Primary Air Fan-Coil System

Fig. 21  Control Package, Fan-Coil Unit, Manual Three-Speed Fan Control  With Automatic

On-Off Water flow
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Table. 1 – ROOM DESIGN LOAD FACTORS

Table. 1 – ROOM DESIGN LOAD FACTORS (Contd.)

Table. 2 – DEHUMIDIFIER APPARATUS DEWPOINT SELECTION GUIDE

Table. 3 – SCHEDULE OF PRIMARY AIR TEMPERATURES
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