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(Add a short summary of the concepts you are using to solve the problem) 
 
Problem T4 

Steam at 20 bar, 360ºC is expanded in a steam turbine to 0.08 bar. It then enters a 
condenser, where it is condensed to saturated liquid water. The pump feeds back the 
water into the boiler. 

a) Sketch this power cycle and draw all the processes in a T-s diagram. 

b) Assuming ideal processes, find the net work and the cycle efficiency per kg of 
steam. 

c) If the turbine and the pump each have 80% efficiency, find the percentage 
reduction in the net work and cycle efficiency. 

 
 



 

 2 of 4

Unified Engineering             Spring 2008 
Thermodynamics & Propulsion          Z. S. Spakovszky 
 

(Add a short summary of the concepts you are using to solve the problem) 
 
Problem T5  

One means of improving the performance of a refrigerator system that operates over a 
wide temperature range is to use a two-stage compressor. Consider an ideal 
refrigeration system of this type that uses R-12 as the working fluid, as shown below. 
Saturated liquid leaves the condenser at 40ºC and is throttled to -20ºC. The liquid and 
vapor at this temperature are separated, and the liquid is throttled to the evaporator 
temperature, -70ºC. Vapor leaving the evaporator is compressed to the saturation 
pressure corresponding to -20ºC, after which it is mixed with the vapor leaving the flash 
chamber. It may be assumed that both the flash chamber and the mixing chamber are 
well insulated to prevent heat transfer from the ambient. Vapor leaving the mixing 
chamber is compressed in the second stage of the compressor to the saturation pressure 
corresponding to the condenser temperature, 40ºC.  
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b) Sketch the process in a T-s diagram and label all states. 

c) Determine the heat absorbed from the cold space. 

d) Determine the work needed to drive the 1st stage compressor. 

e) Determine the work needed to drive the 2nd stage compressor. 

f) Find the coefficient of performance of the system. 

 

R-12 Properties 
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(Add a short summary of the concepts you are using to solve the problem) 
 
Problem T6  

Consider the airframe-engine combination shown below. The engine ingests air at the 
free stream velocity. The fluid can be considered incompressible throughout, with 
densityρ. The engine is of constant area, i.e., the flow area is constant from the front of 
the inlet to the exit, and equal to Ae.  The flow exits the engine with velocity eu . For 
simplicity consider the turbomachinery in the engine to be represented only by a lossless 
fan that is driven by some power source. The free stream relative to the airframe has a 
velocity u = u∞ , and the airframe has a wake with velocity u0 and wake area A0. At the 
downstream location the static pressure is uniform and the velocity profile is as 
indicated at the right of the figure.  The aircraft is in steady level flight and the drag of 
the pylon and the engine nacelle is negligible.    

 

 

 

In terms of some or all of the parameters euAuu  , , , , 00 ρ∞ : 

a) What is the drag of the airframe? 

b) What is the thrust of the engine? 

c) What is the ratio of the engine exit area to the wake area Ae / A0? 

d) What is the stagnation pressure rise across the fan? 

e) What is the power input to the fan? 

f) What is the power required to propel the airframe?  

 
 


