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Thermal and Hydraulic Machines 2019 — Prof. D. A. Misul — Giovanni Sobrero’s Schemes

Thermal and Hydraulic Machines

English - Italian
Prof. Daniela Anna Misul
(Giovanni Sobrero’s Schemes

A.A. 2019 -2020 (10 cfu)

Program:

¢ Introduction to fluid machines. Review of the thermodynamics and fluid-dynamics applied to fluid
machines. Velocity diagrams, Euler work equation.

e Fundamentals of thermodynamics and chemistry of the combustion of fuel/air mixtures.

» Blade cascade: velocity triangles, energy transfer in turbomachines, scaling and similitude, performance
characteristics.

« Steam turbine plants: single-stage impulse turbine, pressure compounding, blade shapes, velocity
compounding. Steam turbine plant control.

¢ Review on centrifugal and axial turbo-compressors: design and off-design operations.

+ Review on the hydraulic pumps: cavitation. Hydraulic turbines: Pelton wheel, Francis turbine and Kaplan
turbine.

¢ Hydraulic transmission of Power: fluid couplings and torque converter.

¢ Turbo-gas plants: control techniques.

¢ Volumetric machines: reciprocating compressor, vane compressor, Roots.

¢ Internal combustion engines.

References:

M.J. Moran, H.N. Shapiro, “Fundamentals of Engineering Thermodynamics”, 5th ed., John Wiley & Sons.
e S.L. Dixon, C.A. Hall, “Fluid Mechanics and Thermodynamics of Turbomachinery”, 6th ed,, Butterworth-
Heinemann, Elsevier.

¢ Lecture Slides.

¢ S.A. Korpela, “Principles of Turbomachinery”, Wiley & Sons.

* Applied lectures reference book - C. Don Giovanni, D. Misul, “Exercises on Thermal and Hydraulic
Machines”, CLUT Eds, Torino. Required material Mollier diagram for steam (“Diagramma entalpico per il
vapor d’acqua”), CLUT Eds. To be procured by the student. Saturation lines tables for steam.
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Turbines off-design performance 1 )

Run-away speed

Cerani _ 2 (1 P COSB;) 2 J — 1 - —-—l- — 1 -

Cd?b‘l‘g"('lt.max) 1+y cosa,

Another peculiar condition is the so called run-away speed, i.e. the speed the turbine
would attain for unloaded operations (e.g. shaft failure). For such conditions, the
produced power would only balance the mechanical losses. Assuming these latter to be
negligible:

=0 memmm p];=( we—l=uc, —Cp)=0 w——c,=c,
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Thermal and Hydraulic Machines 61 Ing. D. Misul | |
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Politecnico di Torine

1,5 ) Dipartimento di Energetica

Turbines off-design performance Y A v O
Run-away speed . ‘ NG T i i

Once more, ¢, does not get affected by the change in angular speed
(M,,d0 — M,.d8 = Jodw — shaft balance).

Assuming w,, = const, we get that wop = wy: Thus, the condition ¢,y = c,; can only be
achieved for the previously reported velocity triangles: = T T o [ I i T EA S S S

Cuir = €1005Q) .

Wazr 1/)"151"“1 tgay _ [ [ [ 1 .7__7___7_7
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