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1. During a certain cyclic process a system receives 100 kJ of heat from a reservoir 

while it is discharging 60 kJ of heat to a sink.  Two work quantities are noted during 
this process.  One is an input work of 15 kJ.  Find the other work quantity.  Also find 
the net work and state if this is done on or by the system. 

2. A system is capable of executing a cyclic process as indicated in the pV sketch; it may 
be executed either clockwise abca or counterclockwise adca.  (a) When going 
clockwise to state c, 80 kJ of heat flow to the system and 35 kJ of work are done by it.  
Returning to state a from c, 60 kJ of heat flow from the system.  Find the work along 
the path ca.  (b) When going counterclockwise to state c, 70 kJ of heat flow to the 
system.  Find the work during the process adc. 

 
Problem 2 

 
3. By how much does the temperature of the airflow through a nozzle change when it 

is accelerated from an inlet velocity of 10 m/s to an exit velocity of 90 m/s? How 
much heat per kg air would need to be transferred to the airflow if the temperature 
was kept constant during the acceleration? The flow through the nozzle can be 
assumed adiabatic and frictionless. Model the air as a diatomic gas mixture 
containing 78.1% N2, 20.9% O2 and 1.0% Ar. 

4. 10 kg of air contained in a piston cylinder apparatus at 5 bar, 300K, expands 
isothermally until the pressure is 1 bar.  Determine: 

(i) the work done. 
(ii) the internal energy change of the air. 
(iii) the heat transfer. 

 
Assume that air behaves as an ideal gas and pressure variation is gradual and 
continuous. 
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5. The figure shows a gas-cooled fast breeder reactor. Helium enters the steam 
generator at a temperature of 640oC with a flow are of 1x106 kg/h.  It leaves at a 
temperature of 330oC.  Water enters the steam generator at 40oC, 21x106 N/m2 (h = 
185 kJ/kg).  The steam leaves at a pressure of 20 x 106 N/m2, 550oC.  The water inlet 
pipe has a 0.1m diameter, and the steam exit pipe is 0.18m in diameter and 6 m 
above the inlet. Heat losses can be neglected. Assuming that kinetic energies are 
negligible, determine the steam-flow rate and the flow velocities at the inlet and exit.  
Comment on the validity of the above assumption and bolster your statement with 
an appropriate error estimate. Use the perfect-gas equation of state for the helium, 
and tabulated properties for steam. 
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Problem 5 Steam Table 

 
 
 
 

 Page 3 of 4



 

 Page 4 of 4

6. At a birthday party the host notices that one of the party balloons is 0.2m in diameter 
instead of 0.3m. Assume that the balloon contains air at a pressure of 150kPa and a 
temperature of 280K and that pressure is directly proportional to the diameter of the 
balloon. In order to increase the diameter to 0.3m the host attaches the balloon to a 
valve connected to an air line flowing air at 300kPa and 300K. The valve is opened 
allowing air to flow into the balloon until the temperature inside reaches 290K. How 
much work and heat is transferred to the balloon during the process?    

7. The schematic below shows the Pratt & Whitney J57 afterburning turbojet engine. 
The mass flow through the engine is 75 kg/s. The specific heat of air in the 
compressor is cpC = 1000 J/kgK. 

a) What is the power needed to drive the low-pressure and the high-pressure 
compressors? 

b) Find the specific heat of the combustion gas through the turbine. 

c) When the afterburner is lit, find the heat transferred and the pressure drop in the 
afterburner.  

d) Assuming that the flow expands adiabatically and reversibly to ambient pressure 
at the exit of the afterburner, find the exit velocity (assume a perfect gas and use 
the cp for the combustion gas found in b). 

e) If the flight velocity is 150 m/s find the thrust.  
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