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1. Air is in a piston-cylinder assembly, initially at p = 6.75 bar, T = 600 K, V = 0.5 m3. The air is expanded 

to 1.32 bar in an adiabatic process. The process occurs internally reversibly. You can assume that the 

air is an ideal gas and that changes in KE and PE for the system are negligible. (10 points) 

 

a) What is the final temperature of the air, in K? 

 

 

 

 

 

 

 

b) What is the work done during the process, in kJ? 

 

  



 

 

2. Air enters the diffuser of a turbojet engine with a mass flow rate of 25 kg/s at 30 kPa, 250 K, and a 

velocity of 142 m/s. Then property data of the air at various states within the engine is listed below. The 

diffuser, compressor, and nozzle operate internally reversibly, but the turbine has irreversibilities.  

For the problem, assume ideal gas behavior and air-standard analysis. (10 points) 

 

 

STATE p 
(kPa) 

T h 
(kJ/kg) 

v 
(m/s) 

so 

(kJ/kg*K) 
If Δs = 0 

pr (relative 
pressure) 

a 30 250 
K 

250.05 142 1.51917 .7329 

1 38.4 260 
K 

260.09 0 1.55848 .8405 

2 480 532 
K 

536.01  0 2.28355 10.5 

3 480 1120 
K 

1184.28 0 3.09825 179.7 

4 38.4 600 
K 

607.02 0 2.40902 16.28 

5 30 560 
K 

568.17  2.33685 12.7 

 

a) The data in the table are for real operation of the turbojet.  

What is the isentropic efficiency of the turbine, ηT?  

 

 

 

 

 

 

 

 

 

 

 

b) What is the velocity at the nozzle exit for real (irreversible) operation, in m/s? 

  



3. A solar-powered heat pump receives energy as heat from a solar collector at TH, rejects heat to the 

surroundings at TA, and pumps heat from a cold space at TC, with no other external energy transfers. 

  

A) If the three heat transfer rates are QH, QA, and QC, find an expression for the minimum ratio QH/QC, 

in terms of the three temperatures.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B) If TH = 350 K, TA = 290 K, TC = 200 K, and QC = 10 kW, and each m2 of the solar collector captures 

0.2 kW, what is the minimum solar collector area required? 

 

 

  



 

4. A well-insulated tank whose volume is 0.35 m3 is initially evacuated. A valve connects the tank to a 

supply line of H2O, which is a saturated vapor at 10 bar. The valve is opened and the vapor flows into 

the tank until the pressure inside is 1.5 bar. There is no work during this process. (10 points) 

 

a) Determine the temperature of the H2O in the tank when the process is complete (p = 1.5 bar).  

 

 

 

 

 

 

 

 

 

b) Determine the mass of H2O contained in the tank when the process is complete.  

 

 

 

 

 

 

c) Determine the amount of entropy generated in the process (𝜎𝑔𝑒𝑛), in kJ/K. 

  

Supply line 

Initially 
evacuated 



 


