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Advanced Toplcs of Engmeermg Thermodynamlcs
(AET) — Numerical b ' (10 cfu)

AET: Prof. Pietro Asinari (2019) Prof. Eliodoro Chiavazzo (2020); Dr. M. Fasano & Dr. M. Morciano
NM: Prof. Claudio Canuto; MATLAB: Prof. Paolo Bardella & Dr. Lorenzo Columbo

(Ref.: Video-lectures ITA 2017 of prof. P. Asinari and C. Canuto)

Giovanni Sobrero’s Schemes \

A A 2018 —2019/2019 -2020/2920-2021/2021-2022 ¢

CLASSICAL MOLECULAR DYNAMICS and KINETIC THEORY

Introduction to classical molecular dynamics. Bond and non-bond interactions. Force fields. Elementary
numerical schemes (Verlet integration). Elementary statistical ensembles: Thermostats and barostats.
Practical examples. Large systems approaching the local equilibrium: Maxwellian distribution function. The
distribution function dynamics. Linear relaxation towards the local equilibrium: Bhatnagar—Gross—Krook
(BGK) model. Modelling photos transport. Practical examples.

CONTINUUM THERMO-MECHANICS

Deduction of the equation of mass and momentum conservation by both kinetic local equilibrium and by
elementary control volume. Deduction of the wave equation. Small deviations from the conditions of local
equilibrium. Phenomenological relations in Navier-Stokes-Fourier equations: Stress tensor and thermal flux.
Generalization of the results obtained by the ideal gas to other types of fluids. Dimensionless equations
.v.eaning of dimensionless numbers. |ﬁCOi’i‘ipi'ESSib=c limit. Lquauun for Kinetic ENErgy anda l:lu.nonpy First
principle of thermodynamics. Generalization of entropy for continuous body. Generalization of Gibbs’s
correlation. The second principle of thermodynamics for a continuous body. Work, heat and the

thermodynamics of irreversible processes.
THERMAL DESIGN

Deduction of the integral equations for closed systems and open systems. Technical formulation of integral
equations. Physical meaning of irreversibility. Correct calculation of irreversibility by practical formulas.
Turbulence and turbulent flows. Characteristic scales of the phenomenon, deduction of the equations for the
average quantities and the closure problem. Artificial viscosity induced by turbulence and modelling. Exergy
balance in a reversible system. Exergy and internal exergy for an ideal gas. The theorem of Guy-Stodola.
Physical meaning of exergy. Efficiency according to the second principle. Examples of exergy analysis. Exergy
diagrams. Thermodynamic diagrams.
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ACQUSTICS

Deduction of the wave equation. Introduction, elastic, plane, longitudinal and progressive waves.
Propagation speed of elastic waves; sound speed of air. Mechanical power transported by sound wave, wave
Diagram of the normal acoustic response. Acoustic field, feeling and the intensity level, decibels. Iso-phon
curves. Frequency bands, level of pressure, interpolating weight curve A. interaction between elastic waves
and materials, factors of reflection, transmission, absorption, apparent absorption. Effect of frequency.
Apparent absorption factor of several walls. Acoustics in open environments. Open field. Sound tail. Acoustic
energy balance and reverberation, reverberation time by conventional formula of Sabine. Sound insulation;

sound proofing; plain wall and law of mass and frequency;-case-study-forapipe:
HGHTING

Deduction of the radiative transfer equation (RTE) from kinetic theory. The light, electromagnetic radiation,
main features, diffuse radiation. Visual perception and photometric system. Definition of physical units of
measured quantities. Point source. Light intensity. Indicator of emission. Light flux emitted from a point
source with a given indicator of emission. The first formula of Lambert. Linear source, linear luminance, and
lighting calculations on surface. Surface source, luminance, and lighting calculation on a surface. The second

law of Lambert. Lambert emitter. Efficieney-of-atight-bulb-
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In addition to lessons, the foltowing activities are provided.

Concerning the first part of Applied Engineering Thermodynamics (AET), students are expected to develop
a project. Students are divided into 5 teams, as many as the number of applications. For each theme, they
must provide (a) calculation of an off-design condition, (b) exergetic analysis and (c} all the technical details
related to the design performed. To develop the project, specific notes are made available on the “Portale
della Didattica”. In addition, some lectures are focused on the presentation of the guidelines for the project
developments and practical examples.

Concerning the part on applied acoustics, a practical application in class is developed, aiming at the
evaluation of acoustic behavior of the room. In particular, three different analyses are performed: evaluation
of the acoustic field, measurement of the reverberation time and measurements of the acoustic pressure.

- P. Asinari, E. Chiavazzo, An Introduction to Multiscale Modelling with Applications, Societa Editrice
Esculapio, Bologna 2013.

- M. Cali, P. Gregorio, "Termodinamica" Esculapio, Bolognha 1997.

- A, Bejan, "Advanced Engineering Thermodynamic" John Wiley & Sons 1997.

- G. Guglielmini, C. Pisoni, Introduzione alla trasmissione del calore, Casa Editrice Ambrosiana, 2002.

- G. Comini, G. Cortella, Fondamenti di trasmissione del calore, Servizi Grafici Editoriali, 2001.

- C. Canuto, "Metodi e Modelli Numerici ", note delle lezioni con esercizi, disponibile online sul Portale della
Didattica.

- A. Quarteroni, "Numerical Models for Differential Problems", Springer 2014.
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Assessment and Grading Criteria
Exam:

- Computer fab-based test;
- Written test;

- Compulsory oral exam;

- Group project;

The exam consists of both a written part, related to the module of Numerical Modelling, and an oral part,
related to the module of Advanced Engineering Thermodynamics. The final evaluation of the exam consists
of the arithmetic mean (rounded up) of the two partial scores obtained in the two modules.

With regards to the module on Numerical Modelling, the evaluation procedure is based on the following
tests:

2. Ability to implement in MATLAB(r) the numerical models presented in class. This is mainly established
through test b), but also through test c).

3. Ability to apply the numerical tools to the simulation of the behaviour of physical problems of simple
thermodynamic interest. This is establishes through test ¢).

As for the module on Advanced Engineering Thermodynamics, the exam is oral and is conducted as follows.
Each student will have to answer a first question on a theoretical topic discussed during the semester. The
answer to the first question is written and discussed immediately afterwards through a direct interaction
with the examiner, so that it is possible to assess that the student has correctly learned the fundamentals of
thermomechanical continuous media, thermodynamics, fluid dynamics as well as environmental acoustics
and lighting. This part will last about forty five minutes with no educational material allowed. Subsequently,
the student will have to demonstrate that he/she has actively contributed to the group project, answering a
second oral question by the examiner. Here, by focussing on a realistic energy conversion system, it is
possible to assess if the student correctly developed sufficient skills for thermal, energy, exergy analysis of
energy conversion devices. Alternatively, at the choice of the examiner, this second question may possibly
focus on the applied acoustics part. About thirty minutes will be given to reply to the second question. During
this part, it is allowed the use of educational material.
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A partial score for the Advanced Engineering Thermodynamics module only is established, which is given by
the arithmetic mean of the marks assigned by the examiner to the first and second answers.

Consistently with the expected learning outcomes, the oral part of the exam aims to ensure the achievement
of the following objectives:

1. In-depth knowledge of the theoretical notions on thermo-mechanics, continuum theory and
thermodynamic. This is accomplished by the first theoretical question;

2. Ability to use the theoretical tools provided in the subject energy and exergetic design and analysis to
study real/complex systems lnvolvmg energy transformatlon processes. This is established both through the

1 of the group project;

3. Ability to properly interpret the regulations and to perform estimates in the field of lighting and applied
acoustic. This is mainly determined by the implementation of the group project and the report on applied
acoustic.

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 11 di 88



L $ . : : ] I..|.1‘M.m — — - - 2 - | | Is@|

O S A 7 I I O A U _| - 1

t!

‘33'(04

==
2.8

-
4

|
|
|
;
Xo
i|'<o
ifb.
|
%
3
|
)
k
" tf)i_ 7'.. £Qg *)..
Dzt
4 ﬁn
DR

X0
__l.:Aaidﬁb

5 FLADME

|

|

|
!

1 Do [+ pfal 4.

s -~
! . | (P Il
~ N A | b =
A8 T oA D B, 65 S5 - S - [ i Y I | dl gl
g N e e @ 18 TG [V o, en 2 T ¥ M3 3aXd ‘oo [
T T e T T T e e e e T T o T e T e T LT
st 0= icl I

TEACT]

=
s
3
L

| S
iT &
N\I
i
Q
S
B
ﬁfu
R
b 1+ 4
R£i>f
a
L)
H'S!‘N
|
fird)
1

x4

Dok #+ DA
DX
-2
i
[3"-

DX

. a’(al
R
2! &x

—~
=

=

=]. D A . EA Z |-

3
/FX&
EQH'QK-':I g :
.(%_UDM 3¢ /07
| ROp/ox
=t DX
gt

o]

I
SuEr

T1ON
ANTIT
T
!F: i
[
'g.mgﬁr-t L‘z'

=

)
S
13
|
l
\
=
o
%
t=’
2
j'
Q
F
[
I
[
R4~
|
RPGER 1OCR
|
D
P

e o ol T A T |
T N A L T 0 A, (- - - s

Ly L% oo T a0t S 2N W i S

|
|
L

UL GUR

|

l
;
i

RN
W leGi-F,

<
1%#

SCALAR QW pmrm

b
=S,
'
)
}-

ORO

R
a¢

|

|

|

|
T

|

|

|

4 |
l
i

-~

99 @d @4 o

o
©

I
5
|
NN
e
S

B

™

il

Ap2
 OUTER 6t
. |
B
[
() (GRAD\ER

QR
|
!

R
|

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 13 di 88

I NSNS NN _SNEEEERENEE ™ O . i
e e e == o 2 S i s e i e i e = e ; = = —t— = "

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pégina 13 di 88



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 15 di 88

|

|

l

|

|

|

l
i
|
)

|

|
Y

ING-LOBMLYIA

q‘\

|

|

l

|

|

|
1
4
1
|
!
L
|
t
|
|
|
|
G
|
>
A

I
!
l
1
|

< INTRODUCTION)

i
|

|
|

MASS |, MOMENTOM
I
|
1
|
|
1

|
1
|
\
|
|
0
l
!
| |

m 1

d

S
IO ITY S

E ToTAL HASS
\'i
I
|
|

|
|

l

l

|
-l
M)
|

|

|
{
[
1
||
|
|
|
I
N
I

T
J

(1 11&-. 1

- |
‘ !l s [ HEIRNST
|

ANTITIES |

il
o
11
B
u
4

hploF couT

|
]

(5
RVED
ai
|
uIrRoL
I

]
||
[_l
L

t

|

i
d

-
4

|

|

+
c
%f

HERMO| MEC

FlOX A

1.1 |COMSS

I
.
4,
INET




|

J

(= | CONTR. TO VARIATION|
i
|

v
L
i
J
?
|

I

Y

|

FOR _MOME
|
| N
A

5 =

2 .

e

0

£ lam_‘.ii..m.W--l&n

M:
[
i:'- -

1=

V|L_,U.|W i

LUR QF 'a1|r=nsa
|

INEINEENNEEEEE |m| - Jiibl|||w
o | | s —#y—— ———————— ——h|——— & |..$I
r_.\-. = =il ] m ‘ﬁ NN I N S (S S ]&T“Hlllnm.J
T I = o | %€ ] 11 -
R | L O - s T
! Illlm.\\ BENEREE. mm [ |oa]]
| . & @ 1 2 @ - . - ~ T S N I I I i . Q.
’ INEENEEREEN g 3 6l s = Zl u
b N ] S 6l 7 <l gl

I 2

&

CYIV

M

3w 2

1n

o

el
PR

TOTAL A‘D\ FCITY
)
10
.
L -y o/ b
_ _%QQ
; ';}a, =

u.
o Gg @ 2

i

W AT = P (>

T T 1S

s

Bt

0 ! ! G ¢

- X Ir.V.|.|V|r||.H|V| : s
. - - N ll.umi....mw @

P
S| THEOR
.

i
|
I
(i .l( '
p
AdV

=

et ey §reSg

T T O T T T LT

| =l l—hl!..l..ﬂw ¥ N P
.Lﬁ{.b 2 | ol Qe JUE i

3 TU K
g
|

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / I5agina 17 di 88




|
|
|
|
|
|
|
|
|
|
|
|

N :

19 di 88

gina

e
S50 S 0 S~ (O P O

TT T T T T i T IS T 111

e e I e et

T T ]

55/B - Torino / Pa

EEEEE N

o

e —

Yoo YANRE N () O N L O U L D S I [

A
NN L AR

4—

O

ey

——— ik,

Pl | ey

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi,

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / I5agina 19di 88




na 21 di 88

® — e ——

T GLOPAL CORM.

;aﬂa_i_

—————

e

HIan It

VTS

I

! V = . 4 L .3 U@ L) LA 4 4 L L} 2
T

En REBEEE

| S0t N S A A S S S S S SN S N S S M A S S S S -

BE, TRENCEE SRR §
10 T Tun fun 4 Ll

! .«i £
MEENEE “EE |

|
I
2

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagi
1 -

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 21di 88



_ i &
v T T 9 o
S - ! | — - =l
ol | _ m M 2
© | =
o P > 9 5 m 0
5 C i < F7ilite)
sl M | o . Q
= - W = e i i
@ il o [n.\v — s
o - m pAli -] M )l 4|
e ™ L8 b~
- W g g & C T
° PD_- n—g -@M el _
_W T L |ﬁ ||l|m.|lllfh““\.}n”||| :-_ m ] H | T ] i
! W W = = ol L] I L] 1|
- RN NN B AR
i} ! 5 0 IR o) 2 L "t —
= = i’ = ~i O
P ——— A —2— & :rO\. * = &
R AR A - amaua
&2 = ! o s
EMEE NN ANRE S NNAE NEREECAC an
=11 | el || & ]| y = T~
2l = R Loz ] I
z [ > Py > 0 R — i
g3 aBs e
f — | A 0o m o E
m e I I |.H|||r.I.T ) L||T||I ..«‘m 11 _ DLL el _L._.‘ 131 )
S = A - P |
= A= = .m_ = m M .
] -] [ € 0 i 4 ol o
EET € @ 6 5 & o 7 ENEEE
Sl ol o]l Tt [T [T A LT El b ]
p .a_ < 9 2 Jr 12 O [ 7o lo 1 L]
%_li N = | I I I
3 ¢ £ 13 bl@icl\\ g | I'g 120 Bl [ 1 ® dey [ I 11 TTET 111
I N ) O O~ I W W17 = ]
e sTE e e @ vl A fpgu _
W 1s11sila 2 2 TR
sl ol Tels [ E
83 o m_,-wiw»d .
S| T2 9 g
Mu A ! IJ.|9..M._II¢H|AW =
. BT O T T
..m ... 0 4“% |S|zm =, =l -
T i= =
EIN SE g n
m A | ! !m .. _
L . E |
gl F = m
© o~ Al
B ——
m. 3 i E== U i il
. 5 O T | 1 A

q _

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 23 di 88




na 25 di 88
1=V
== (¥

|

(pes &)
(P €A
-V'@mv\a‘}%
oo
|
S
I
|
|
|
.
|

|

|
1
|
,f, »
.
A
|

e
;}\r
1)
|
i
|
|
|

D

Dt‘s‘gw

P(aﬁ'
A TR

[2]

e

= W

7~ | — — - -—
- ..wlmf __V N O I O D N n il i i
AL Ko m. Wi Rl L] Tl |

THE:

|
|
Q
|
I
I
|
|

INH TERM
|
TH
|
|
|
|
|
1
|
|
i
|
|
\
|
|
|
\

o 4 .. H . ] 1
Q_M+LEIMIW 0 1 R N O 0 L |
N 1 -S e , .I\!R [l'n|||—||||||l.||.l|||||l.|]||Il..|| | 1 | ]
o 3 - LA T
s

© Proprieta riservata dell‘au_tore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagil

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / I5agina 25 di 88



D

I
|
|
|

= dhl-palV-vdg

. QN lT{U—?irJSF

)

l
|
|
|
|

V=) &e:
SHNE

|
|
|
|
Ii‘(’

h !

|

WG (7

]
-

|

Eq?; O (AlWAYS)

Hesh |[:

‘S| &Gl

-
o

SLOSED | 9YS)

e

’%

Y EQ

;*oi} '
‘ o
FOR ¢

(AU LU

F THERMODYNAMICS | EOf

.

EY1HON

ROP

-
=

de

-

S NE
=

T

-
\

>

NE

Y.
I

|
|

& |
“‘k LAW

|
i

<
-
&

e

T tJJFﬁ
+| SC

I
I

b 3

||

mm.T‘J Jh._lJ]l o poa 4

t GIRP S REARNON

|

i‘.‘ﬂ 2
T N .
W EXEY

245 GIR®'S R

2% G ap

“
’ TATIO

)

1
|
|
|

CTdE LAST 2 |RQS i T

B
F—l
!

T\

d.:e

A\

1
I
I

ERICTION WOR

o
Lt |

1

= dej

]

v
a4

P

OWSIBERING| TH

S -
as & vV

P
vy

7

01
LT
|»

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 27 di 88
I

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / I5agina 27 di 88




1
<
|
|

ino / Pagina 29 di 88

!

e T
. |||||||||Il.ﬂ.—
!

- Tori

T T S T s T T

2

|

Ll pl L] 1

. T 11 2=
———————F
W

i

|| I P o i i ‘%

D g G
G K ml T u

I

dWi

PEN SYSTIEAS!

— Q‘w_*l

~SWs dairddm )| |

s ——

'%P"’“ I

h

I
|

L39
D S¥y$i: PI :

a8 OF VY |

&

- FOR

|

J

LBe

|

L OPEN SYST

T

l
1

{e

e«{.)i

3|
?Vi:ﬂ' :
AW OF THEAM

AL

l
4

EET

g5

PEN

IT (L]

.

Gi (ht
TH| VAR

LRI AN BORMULATION OF THE
: ; = !

et

1
|

|
|

|
-. ﬂE

FOR, HIEAT|
& MA!

LT
RM OF THE

I

ARY| DN, [CAN &

b

O™
P
P

N
aPARS

i
|
|
|

e

|

3Oy

NERIC) MACHIDE

SIECTY

b

1

|

. LNTEGRAL FO

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B
'y " - T T ) T T 3 T T T ]

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Isagina 29 di 88




! oal

l
|
i
|
|
|
|
|
|
4
]

b 1 ] LT T~ [ I I I O | |
1|k_m.mt|. A T L o T I T T T A I A" | @
@ . ] X/
!|.E.W.Fﬁ|w|.lil|I||J|1\\\\\\\LL\ i |$]T O IR Y N (N O O U (O N Ot . M O s
was jal | | B HEEREEEE - R _| I E AR
8 4 [ ERS T = P I I = EcoEEER
I g= 5 Q [ A A =2 0 | -
w;iﬂ.liAw T W 1@ a5 = “H o % — T
[lElI = g e e P |II' r— SR [ S T TEE h. hq 1
5 ™ 1R A I N O ) I 2 O A 20 &= 11141 1 N IIW.IG| ] C £,
%_I.l nIIll\R- = I|W| Wn m |m1 = } m .w 1 ﬁllumn
o SN N P O e 1 = ] EEEES ) w] = . L |
g @ 3 2 g ] EREN ), IMII £ 218 w_mw JWII_
mfn il!Mi EELUBRNsSS=ee _.Hn B IS § N A 6 S = =l ] |||.ﬂ.mrT B
gV & @ C T“a|®|&- T -Iu..lmulm T m
| = 5 o I I .7, > i B A J S S N S O O (I O A i %) E G 8 < |
L= i L A 2 |11 B R A= - {
im BN N N T EEEEEEE - BRI, R RE W
R St T SEERRARE E Ron SiS-SNE LSS
< g L 0 B R 8 0 GO - -
IiN. S EANCERENENANE- K NN REEEEE e ML g2 fEef
-1 b ol L IS Y o g . | _ . BN U (N SO D (7 | [ O || KL, Ny T Y] |
& o N AR B E R R R B R
wn.i,mwl 3 & %w A = T Hl TR ﬂ ol 2 m F Kle, <
> - 3 [ N O 1 ™~ O = O O 0 ' ) w = i JERY T I ™ 1 | fex] _ b I u
el = 2 T T 3 e 1 B TR W~ L 2 O P S
IR ERT RN NS NN N 8 T B
3 ; 5 ¥ & > Ll L o \_I”,u.w_[m. 2 [
sl Ol o £ EEEE (RN R 2 A | o ESE- SEE = W g ]
m FF nllﬁm.ll A m pr‘il.l.‘mwu - 2 |||MU.".| n_l.Auul.A| ﬁNu R I
ol " ~—~ = _ 3 iA Lty a ..\an S ., I o SRS LS _Fq|.lJ‘Jw 24} \ : -
i e o v Hlo w. 1 w, ||||||| . 1Y) mw £ 8 i B
M -_. __\..' e T S e S S .\W“ r L | . S — \||||n|| .|. a.||;|l..naﬁ ”nl .. J/\ ——
mHHE wn—i + ¥V 10 m o T L m.|||..m||mll ﬂ.-_._. E Wt =
S +, D i . a7 Ll =TT 1 g Tl [ L]0l T P <8
i N EMAE R : B A T
Erd o HE R & INEC N AN AN e A
m sl #-rllll.zullll. . S i -\—-II 4 1. | § , L i =g y
2 B B 2 Y e B
of—1 f.(‘D-ﬂll‘L’xqr‘\l.l T a I.l; ~=7 ] & S | Bl I~ A = TR R
..W m v..ulﬂ.wlu 'lrw |m |1TI —— m_‘lw. H/ ! |A.||Q-|| m - .|I.m.ersMI £ —
g g *. m L U} [0 M1 10 mi:ll = S 2
kel _m t 7 i i i i
m ; _
o
©

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 31di 88



© Proprieta riservata deII autore - Dlgltallzzazmne e dlstrlbu2|one a cura del CENTRO APPUNTI Corso LU|g| Elnaudl 55/B - Torino / Pagina 33 d| 88

i I £ i | 1| |
ERREN ! NN L |} EEEREN ;|i |
‘ Q.o EHE T EK G' ) [ I | || ‘ | - ; l | | ! ;
|- | [ | | | 1\ - |
! 1 U.J(ﬂ' | | { | | {1 || - | I
' | LT ' | RN O I I R L]
P -mmmwmpmuHﬂ‘ L i|,!...' 1 & “;

I | I | | | 1 ‘ | | ! { {
- SHEW nMD‘T\JB{S. HE, : RN L , L . I : .

| | | [ | ! | | 1 ) A | |

' QURE | ! | L L -

| i [ [ Lo | | |
L= IT'S SIP\PLG mn:) CHERP 1 L L ! Ll |
! [ | | AR - !

- INNER PIPE _,:mrra#acr “C‘*. WEEN THE SENNENEEER RN
| | | | | |
WE { ] i i .
| [ \ : |
| \ | i i
| | ‘ | |
‘ ] [ ] ] [ [
[ ! [ | [ 1)1 [ ; ol
REREEENN CHl | ] I"‘!"|E"'i‘l‘|‘ L]
! ‘ 1 | | ‘ ‘ | | 1 1 | | | | ] | 1 | |

HERC gpmquaﬁcﬂou,smm urtzsué hp. Ablnﬁnﬂc TOWPAR? THF"IF:‘UV EEEEE
| } | 1| 1 (- |
= - aMHnNG-G mns3 Br&GNS AT fNLFT Amtb ZNDS AT'OUTIFT | A —H

| | 1 | [ |

j cmwornzmc, mrz- HGT FfutD (ope: RATING m srrnmyw'ﬂm*m_t) | \ EEEEN
I I | | | | | |
| ‘aqﬁé de.wd,émufnw e.-hpﬁl 'T"oah"-\w “"i'i’i‘
Lt
| q AJ\ CP("?.;*-Tm') |;+r"m' } qp -> i.solyhmq mbcr"ss 1 [ L. ; [
T L[ | ' | | | 1|
I = -qu-mmu nré'p(ﬂm-‘ﬂ : lmr“ rmrw_ PO\»JI"' rxcrmm (“D oYy H Pt.mg (-)
[ ! | \ | ! |
T a—mcpmw—'rm) TGN POBEE., m;smmnn @Y _cold mwbl = |
! | | | | ! ] ! | ||| || | [

] THf“COlrLONIMGEQ,ﬁQLQS!'—; w' FEEEEE A A
3 | | fommview) Ly [ | i
1 G_v: KAk (T-—T‘)'e' | |dQ.='~KdA(T-1“)I | L ;I.ITKINP;V; coum -1.__ -
1 |
i E L] DE‘:S'IG-!O TARGET | -vAe 5|(ocs1m|>|q) |< CoMAs RROM THIE wc:m.wrc:mr CONTR,

A 1 " ITAZRMAL GCRANGE, | | L
1] 'n"'Sr TARG-FT —wQ -s( moqu\:)|  THEORY. || | r_mlwm cmi‘m‘u 2
[ I | 11 | i | | | |

L | mMSIOFQnJG- »M IMFN&TE:SIHP;L' PORIIOLLT | , -9 mu'rgss 5‘50%14&»0 mom

o ¥ IS Y 1 I . ! - ' L L] |
I EREF ' YEEEEEREEN 1 . srﬁm‘nk:muemc-

B | ! | -5 | . [T 1] | ] [ 1 hp L ! 1
l Cm |Tia | [T | I Y I 1 l -LF comc:mams‘cwqmm NG
"_#rn‘-*'r" marm HEEN ". ‘ | L bl
. \ \ | | I ‘ m‘c.i; +|m (armusr Cp3go)
L] |da-—m\q> “i’ = d‘p-td&; ; F(bgHOJT'FiUD' e i , | ]
I || | - l | L] . | I
Y- (= T m!(:p ' s gt +dt.Q ( rg'&rcd‘b FLUID K:—w ; T
I A e i FARSCESEEN
| I '-_ | I | |
54 d[T-T’)—f-dQ (4__+ )- i (T-Tﬁ(-t uwt* 1‘)-1: Hcvcwln lscoﬂ!«)flfa USING 1
| mCp MCH MCP mCJ d:ﬂ'—vc A I.
! cbusnbrcamc, 9= I'I'T‘ 9¢=(T-T‘JM| EEEEE RN : ; 1 !
| | I A O O e 1 '
! = —H 1 dA S flnct i._'!’j——.d-'b\ - I i . SR |
: . (MC;m\cp ! | || S% la (uncd H'n('}g)i | | : | | L yA | | L]t
i | 9 T L | || [ | | | | | L
O gsn'ig dA-:'T,.. I-li_+", EEE
- ﬂh lc' | s ‘.‘-!. 9 il ! | |
e e e e i LT i 1:1arm-r. |
mc:rzl:mma. ; T T ' 1 I A
Iq( ')A . -ocA'I' r‘ I e = MCP(MC;} 11
| ‘-8 Ga ""“\Q' M\W ‘ \ )A‘ RN || | L
-1 | | ! ﬁcamﬁcam)Aem.i:l I _‘!'» @
| | - A - | |- 1 | o

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 33di 88




© Propneta riservata deII autore - Dlgltallzza2|one e dlstrlbu2|one a cura del CENTRO APPUNTI - Corso LU|_g_E|naud| 55/B Torino / Paglna 35di88

| | ] | | L ‘_ ‘ ‘ { || I [ | — { | i I
L 2.0 GENERAL AP ;i'l || :'}[1'-|-
1l | | L 1| !
[ ‘ G«'Gn@ (M‘cp 5?) { 1 r-ﬁn_-rw‘ | | i) | [ | : {
[ | 1 | : . [ I | | -
L jdask MTT‘) ( d&-- CedU ) | NEENEENERE NN
| 7™ i # At e | ‘P‘TMI—‘)A | lii*“(-‘ﬁ'!‘:.‘!._\&]"' | i - I
R SKG&A |§ Go (R b g = 'ke Q ‘e me T dkAL_Be-Qo | |
T e ° Loy il 3 LN [ ]| LI'I(N.-(‘L A
A T o I e n-v."('-é L] onCp ek
; Q= KAe -Go l-HAeU: t')Qm\ (t-t‘Ju... .Qh..__“e‘v LOGARYTHMIC | | |
| | ) o O I . ‘ em%b_ MEAN ]—Q\FF‘-, i - I |
| 1 | ' | | | N I | | I
! 1 : l. ‘ ‘a L] i I : I | ! ]° o l i | ] | |
| THE uowlmcnf'mr‘smu Amchﬁr&S (TO HED mv" | ]
[ ] ' [ || -
1] ':D z.ocmzvmmcw»mam T-EJIT“F' MFTHOD i EREE . NN I |
1 l ] - | | - | | ! ) | l |
f:‘i)tL:"nUrl'-'{ZJCIF-UC.‘fHFTHOD in\il}i_ L . - ! I
| [ | | | | I | | I |
| AN COE N
T | I 1! { [ .
- 2!, g L&RRYTHHIC. HERM DIFF ME.';I'H;QDl | | 1 ! . : H
-;ukﬂﬂ-ﬁdlﬂfg’.m‘{}dﬂu":f 0 I NN . i.!il
|| { Ky Ak (r'm,jcp,rm‘ C.p) - 1 1 O | | 1] ! | | ||
I | : | | | | [ [ || | - e |
q\:'ll.tl ‘ B!, =l | | | ! | | | | | 3 l | s Seul
-.K L-k | | | ‘ | I I
; (S t,..e,-,, ) 06 (M'-r, mt-r |.q> 9 Qe COMPUTED V =5 (a_: 1 1]
| | | | 1' | - |
i '\’3 K Ak |(é 't‘ ’EM\ "[ AE';S_';__ \/ ! \ L] L | | | [ | :
,"‘ - | %Qm9t|'::!!‘-,‘|i\!'|,i |
‘ | l il ! | {1 | | |
| UM CASE | OF ¢ 'nmlz. CONEIGURATION : ! L N L W‘
! I 1 | | | [ 1 | | !
eo- l:.~!:¢| tsu‘r t.o ls ; mmnmf {8\ mln‘h = TR Rm*:ur“ pmcr‘nmzr‘ 4 |
-—WCASSUHEA\IAU)PQFEo ] -aﬂw, 1 NN Il
A A O ! ' | ' | \
—mr_' DE’:RNC, THC‘. pa'nnmrrrns oF' H E.-' L 2 ' | , ||
| | e
ST "nmv sz:_ eonsnsmm = fro lscorzn.E-.O" (Am} so Tf+r CONUESPOR) D\MG- @)1 |
' | { ]|
[ ] || I [ | | (] [ | ! | { | ||
i : | [ | | | | | [ | :
i | 1 | | | | i | [ : | | |
| I \ | ' || | ! ‘ [
[ | | | | |
! | | i | \ l [ ' | |
i ; [ '
O A A | , || \ L]
' | | | | | || | . RN '
{ | 1| | | | | | | I
i EREEN | EER |
| I 1 I | | | | I |
| 1 1 | L ' HH- ,. |
EEEEE N 1 '. ;
RN RN | AR |
f | | | | ([ I |
| || || [ ]| [ | (L | | || |
| L] \ || | | [ 1] [ | ' | |
? - ' ] ] | N ] ]
| | | | | | | | i [ ] | [ ] | | '
| i ! 11 | ‘ T | L 71 HERE |
| | :l\I o EREEEEERAN NN .. - .
) ' N Lt | I [ | I
-’ (]| i || . . ; ; | [ 1 | [ ] | | \' Y L
| [ | IR T T | \ | ] | | ' | | [ 1] || L ' |
[ ] il I I |l | l ! 1] I || -
| . AN EEEEEEE N
| | | { - T 1 | [ ] .1 || | | il ||
e A e

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 35 di 88




© Proprieta rlservata deII autore Dlgltallzza2|one e dlstrlbu2|one acura deI CENTRO APPUNTI Corso LU|g| Elnaudl 55/B Tonno / Pagma 37 d| 88

| ]
2.6 | §ﬁELL AND TUBE'.' REAT EXCHQDG'C_.& ||

| oek | SHEW
. R N reomﬂmln Hp t——1
' | C | | :
| T | T ey sy |
* T - 171
I '*"“J ' |ii
|| mAFREs '
PRRSANTED SHEW, " TURE (ﬂr RSOVALY
B Qur. cwrzstt) L SN . gmcm:
-%m; | LAYOUT DAKAS THR H, . More counqc‘r E . ‘ '
-1k TT s mowmb OF stmu‘_ INURT Amo sm&LE 00‘1'!.&1‘ pom s -mr:_rd
| |
rmz Amwrrcm APPROACHE OF POURUE PIP(" H 2 cmo R pppufzi‘b '
- A ST wmmwfr comlTlon VARF\'IJS Mnss Fm Rr-ﬂES AN E-.Qnm. ||
1N omar-m To chTms coummow T"FQCH REStS‘mucF- ™ THR F'.Oud of TURES | |
||
‘ \msrmmaﬂs.n mnu THE QO os: THE uuxmc. cnanBEn. =) m THIS WAY |
THE a\um 'Pem'lqs.s Wik NOT r%.xm,mrzunr' & PﬂE.FE:RREQ Tmsec:roa.v |
[ | | | |
Am mrzy wm DIS‘“QIBUW rm@nu AT mufr s@mor& L !

=] ANJ::FBL mnALLEL Flow Qomcicrunf—ﬂ‘tou ws*r rsrz Wmap. |

T‘QT’*(S FmD >swn F-ms Anr“ oFTGrJ msr‘n.TfD nuTMr‘ er»"L W, omnr”ra m

@

| ‘ Y
‘ om‘.& {.\ |S-$HRPE TnmE;cmRv OF THE FLUIQ w | I
' - O-Tuae conr-lc.um:mon our OF TH: MOST couuord L{—Woou FOR ms
[ .
E%"Y, ASSEEMBW AND AGCESS. IT (s CHOACTERRED Ay PROPE-.R ol s-m'o mgsrznﬂ
.-\!|\'5 | ! | ;- I | : |
| | | | | [ | | ‘ !
 NORMA L. CONE ||| RREN | 1 ! |
. | | | | | | | A ‘!I I I I
| | B | ‘ | |
N
, [ | ]| | | [ 1] B
[ | | |
h L] RN
| | | | | | |
; | | ; L || |
| | [ | ] | | ||
| _| (. : i ‘ | | ||.\|| ‘
L 1 ‘ \ I N
. | ' || \ : ‘ \ ' ™17 | i | \
| | ' 1 | | P [ ] || | | I
| | | \| | [ | ‘ ‘}| || |
| | || |‘f|\:| | \ | | || | | | | | -
1 | Il‘ | | | | ||:|. |
1" | | |
] FHEEr NN e
|| \' | | | \ I | .
l l\ |‘ | | | | il||
] | EREEEEN | o
II | i i I W | | | .|I | |
| | I | || | | || [ | |
‘ | | | ‘ . [ | ||
| EEEREENE RN 1 N
[ {1 ‘ | | I, | ' I|I | \! I |
= | | | | EENEENEEE - |
‘ | I ‘ S ! i 1 | |
[ | . BEEEEEENEEE EEREE e N
. L e
(| | ' | [ [ | Vol | ' ‘ 1 \ E |

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 37 di 88




|
|
|
|
|
|
f
|
|
L
|

APP.

|
1
|
!
|
|
|
|
1
|
|
i
|

]
jnﬁl_w j

I

S

1
_1.7\_5_

=

|

|

f

|

L

i

%

|

\

>

‘ -

ENCE

-

\
Tk

\

|

| |
| I
| 1
| |
| |
| |
i

I
a:b,

l

|

|

\14
S
b

.‘]g,u Al
|
|
l

T T T T T T e

|
RfzACH TH
|
REGIMG o (Av1F
Ak
|
|
)h
1
|
|
|
|

o
“PV[=2 Qs

H
i

I
XERGY
[ ]
L |
r EiG .
- .
.. |4
[V W
[ ||
STRTE
|
l
|
|
1R
[
|
[ | |
j ey
L
i
|
|
|
[

|
A
|
|

1
mqmlsi*ro Al
\

|

e+

|
|

LA
!

o
|

||

\

\

i
TRACT

1
i

MACHINE

D AS THZ OV

|
.d‘-t
;

i

We

|
l
|
ﬁm
N 6
€
|
l
|
|
|
|
|
il
|

IRE )

|

|

A
A
u&r_cgw

T [THE

14:

T:
X

l

|

|

i

\
e
+

N SYSif:

|

J

|

I

J

|
To
|

|
HE
\s

|
|
A
L

S
(]

\

|

|
i
W

|

|
;3

I

|

I

2

l
-i'l'us

JTROYI
NORH.

-
=

—

be); +7

=== ESS =

y
\
i :

?

-

l

=4

3

i

PR

[
o
I
|
AT
[ |
(B
. I
EXTHARUPIC :fﬂiXERGi‘/
oﬁi
T
m
1

i

| =

|

|
DE = Il') +

§ T SHOY

I
=V USEFOL WO zu)‘ :

NE

\

|
|
|
|
!
I

(

:'-:‘;

et paY) |+

|
|
|
N
|
'!“ !
M REUAKING| |

\
|

I
HINE

(

|

|

= ((WEG

¢
j
i
Ki"{iﬁ:(;-? z
3 |
|
o
..|'1'a

v
Lk
)
Ll

| | i
RGY  BALANCE EQUATION |
|

To
T

e
|
-\
|
l
To
T

|
A -
L

vy
Une
(t:‘?}: T
THe
(oenD |
AL
:Tv
[ |
+
XE

\ ,_,mil WK = LOST WORH. /o]

o

&g}

N
. =l
=L

RE FWRAT

" ] ==}
E=m | B Ee lWlm =l B =t ot - |
= m“. i} rd - s - 1 ] ETNE « ¢ N—F
| Iﬂ|-||am.|.ﬂ| T TQ 0‘| IQJHAIMP-M [ ~ > IUE = Ny .|.... =2 ) M.H = P o BTV

T kel
[ ELl

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 39 di 88

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / I5agina 39 di 88




4

£

|
|
s
1
|

¥ AVAYSIS)
Lo+ ol
[ |
||
=5 |
| }i'
[ |
d
RE
& |
I \
SR
|
Toty]
N
|
i
]
II‘
(I

{

| |
+
|
|
|
J
\
|
¢H
T
-
|
@
|
g
HH [
12.H(io=TH) .
T
|
QIG]&
= S0

Sy rE:{P:m ST
|
| I
P-V’).n. 2
|
|
|
|
|
|
e
|
|
4R

Tx
%;.
-T

yY FLOW |
(=
qn

|
\
e
"
l
N
S.
i
-
|
%

Tﬁ

Il(j
|
|
|
|
I
i
|
|
|
|
|
|
|
i

|

l |
_xﬁl

=X ‘ |

I

| I

|

|

l

||

|

g
T
/'ﬂ(’o\l)ﬂ_'l'
ol |

J

]

||
REFR]

|

L
XERG
= A

t‘-‘-

2OM | BV, AN R
(=i
<
Ql
(

3

sl ¢
|
i

LTz
1

i
NI T

|

RR.

RMAL PUMP ( sty INVEREE ayee)
|

|
AL Eom__l{&_,{; 1Fr
G PQM. NOTHIN

|
|
|1

LK |
'1

|
ERIGERATIO
|
|
LA
§
D Dy
, _1
ks @,
| 1
28
e

ay

Al
d*TTN’?hn =

N

ﬁ;i
i
I
.-.-.~|)
=
g
wv—
%)
%h

W4 |
il
B &

|

|
.

|

|

i

|

L

HEAN

T

T 1

||
CHIE
[ ]

l

|
2<

RG{-.-“:J'TC. ROV,
+i\n!h-, '
-
=

] 1] 2wl al |

;amm - 7

N W

» Ll
=z

N

B
L
|
\

o
i
RIT:)
u
¥
5
:

!

APLE | ¢

2
|
ﬁe

|
I

L B A T
[} - o .
“P_r 7 |&““—|—.M.I|| =i T.lq.ll uM||nM- Iell: g } e SR L .. .. L ‘ . )
T FlE ™ i 0wy e F Z & U !

-
I

AT S

} i
L. BN . S i i L E |
.

- FRO
-m%mr
‘mfﬁ
S,
:

|

|

|

0

. -H‘
|AJ‘_

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 41 di 88
| -
A CHING
J
ne
+ &
| V34
=
|
|
|
-
F
at

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 41 di 88



4
|
1
|
|
|
, 55/B - Torino / Pagina 43 di 88

© P(oprieté riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 43 di 88

([ T116dad T TTTTTTT Il 1 TT 1 1 5 6 O EREEEEEE ]

3 N ] T
— - e ] =)
3 - LD 1] N £
olon || | s
oia ] ] 3
WMG [ 4 o
oo 1] A U [y _l. 2]
[ -2 N [N ' | S | [ TN e T/ T P S - f _ | _ 3
_Wm Mm | | % ]z
._Ww..m.,]l| a . | o _M
¢ —— 3 — =)
ITL2 | ) I x | W
H L o VJ. 4% <
_m il Ll 0 | ol | Q
t V.w I f= | _M
Y=< n Iz _ [ 8
. =4 it | | K}
Ol T E
lllll ol [~ = = I 8
' ~ | e
| | ! ﬁ m
- — N
A CMBN NN | ;
=] . el =2 £
ﬂm.u = ¥ o= e o
ST T T TR T :
~ N Rl a o 17 8
(5] e = B e T T O
m p\uu : i B | N
= = o —o i ° s
R 1AL _ I = lal | Ol o
ZE VWM Tw T e TS 15
I M e MO I
— Lt ...hu[.hvo\? ol =_ 8
Ot o £ o0 ™~ o o M 9 = 3
L O 1 B
B == 1 N I T T T _tHAwT.III- S -
¢ o-o0 O . O
i\ T 1 ] ‘m
— _ 7 kS
T T A T T T T T T T T ] | ' N _ 2
X PR AR S TR ERRERRL




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / Pagina 45 di 88

| REEES | - L
_ 5 7&-?;]&::\1;\'11,/*‘15 FOR. SO STEM | SOLAR [ENERGY |-+ SO nilz Efcc
' ' ( EXERGY INTIME) ' il '
. &Y | ‘ I POwWRER l P
[P ’_’"-_Fld ERGY | | | ||| )
-_F_,_ 4 %(_ 4 ¢ BEIERLA FORMULA {4964)
4 T4 ||| | | [
. 1 SPAONNER Fo'ZNlUlLtJ (1964) ;
i | JRrER FoRMOA | (1984 | |
: APP&Q ﬁ.rimL SON|[TT
i
I !
| | ||
I I I
| '. I [ | |
| | | | I
| l | I
: [ l 1 | I |
| ] o | | | |
m | i I I | |
| [ I [ |
il I || I
i | I
I | ] L] |1 |
| [ [ | |
I | I [ | | ,
| | I I I
| L) I [
|
| |
) I
I |
I . '
| I
)l
L |
— | | | [ ]
I B I | Il
I | I I | I
IlIE N |
I , [ || |
! [ | I | |I
T | A
I B -
_ s g I C ) -
) = |
e o o -
— — ) "—l3
| ) QQ'

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55/B - Torino / I5agina 45 di 88




	20220921090402
	20220921090658
	Pagina vuota



