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7. Air enters a compressor at 1 bar, 300C, which is also the state of environment. It leaves at 
3.5 bar, 1410 and 90m/s. Neglecting inlet velocity and P.E. effect, determine (a) whether the 
compression is adiabatic or polytropic, (b) If not adiabatic, the polytropic index, (c) the 
isothermal efficiency, (d) the minimum work input and irreversibiity and (e) second law 
efficiency. Take Cp of air =1.0035kJ/kgK 
 

Solutions 
 
1.A cyclic heat engine operates between a source temperature of 8000C and a sink 
temperature of 300C. What is the least rate of heat rejection per kW net output of the engine? 
 
Solution: For a reversible engine, the rate of heat rejection will be minimum 
                                                            

 

 
 

 
 
2. A reversible heat engine operates between two reservoirs at temperatures of 6000C and 
400C. The engine drives a reversible refrigerator which operates between reservoirs at  
temperatures of 400C and -200C. The heat transfer to the heat engine is 2000kJ and the net 
work output of the combined engine transfer plant is 360kJ. 
 (a) Evaluate the heat transfer to the refrigerant and the net heat transfer to the 
reservoir at 400C. 



 (b)Reconsider (a) given that the efficiency of the heat engine and the COP of the 
refrigerator are each 40% of their maximum possible values. 
 
Solution: (a) Maximum efficiency of the heat engine cycle is given by 
 
  

 

 
 

 



 
 
3. It is proposed that solar energy be used to warm a large collector plate. This energy would, 
in turn, be transferred as heat to a fluid within a heat engine, and engine would reject energy 
as heat to the atmosphere. Experiments indicate that about 1880 kJ/m2h of energy can be 
collected when the plate is operating at 900C. Estimate the minimum collector area that 
would be required for a plant producing 1kW of useful shaft power. The atmospheric 
temperature may be assumed to be 200C. 
 
Solution: The maximum efficiency for the heat engine operating between the collector plate 
temperature and the atmospheric temperature is 

 
 
4. One kg of ice at -500C is exposed to the atmosphere which is at 200C. The ice melts and 
comes into thermal equilibrium with the atmosphere. (a) Determine the entropy increases of 
the universe . (b) what is the minimum amount of work necessary to convert the water back 
into ice ar -50C? Cp of ice is 2.093 kJ/kgK and the latent heat of fusion of ice is 333.3 kJ/kg. 
 

 



 

 
The entropy-temperature diagram for the system at -50C converts to water at 200C is shown 
in fig. 
 

 

 
   Fig.7.3.2 
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5. A fluid undergoes a reversible adiabatic compression from 0.5 MPa, 0.2 m3 to 0.05m3 
according to the law, pv1.3=constant. Determine the change in enthalpy, internal energy and 
entropy, and the heat transfer and work transfer during the process. 
 
Solution:   
                                TdS = dH - VdP 
 

 



 

                      
 

 
 

 

 
 



6. Calculate the available energy in 40kg of water at 750C with respect to the surrounding at 
500C, the pressure of water being 1atm.  
 
Solution: 
 If the water is cooled at a constant pressure of 1 atm from 750C to 50C 
(as shown in fig) the heat given up may be used as a source for a series of carnot engines each 
using the surrounding as a sink. It is assumed that the amount of energy received by any 
engine is small relative to that in the source and the temperature of the source doesnot change 
while heat is being exchanged with the engine. 
 Let us consider that the source has fallen to temperature T, at which level there 
operates a carnot engine which takes in heat at this temperature and rejects heat at T0=278K. 
If del S is change in entropy water, the work obtainable is  

 
 

 
 

 
 
With a very great number of engines in the series, the total work (maximum) obtainable when 
the water is cooled from 348K to 278K would be 
 

 



 
7. Air enters a compressor at 1 bar, 300C, which is also the state of environment. It leaves at 
3.5 bar, 1410 and 90m/s. Neglecting inlet velocity and P.E. effect, determine (a) whether the 
compression is adiabatic or polytropic, (b) If not adiabatic, the polytropic index, (c) the 
isothermal efficiency, (d) the minimum work input and irreversibiity and (e) second law 
efficiency. Take Cp of air =1.0035kJ/kgK 
 
Solution: 
(a) After isentropic compression 
 
 

 
 Since this temperature is higher than the given temperature of 1410C, there is heat loss 
to the surroundings. The compression cannot be adiabatic. It must be polytropic. 
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