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Question 1 
 
(a) Starting from the definition of enthalpy, prove that the enthalpy of an ideal gas is a function of 

temperature only as follows: 
h=h(T) 

      where h is enthalpy and T is temperature. 
(4 marks) 
 

(b) An ideal gas initially at 900oC and 650 kPa with a volume of 0.500 m3 is contained in a piston-
cylinder device with stops, as shown in Fig. 1 below. The ideal gas undergoes an isothermal 
expansion process until the piston reaches the stops, and the pressure drops to 250 kPa. Then, the 
piston is not allowed to move until the temperature of the ideal gas drops to 27oC. For the ideal gas, 
R = 0.287 kJ/kg.K and cv  = 0.776 kJ/kg.K. The changes in kinetic energy and potential energy are 
negligible. Sketch the processes on a Pressure versus Volume (P-V) diagram and determine 

(i) the mass of the ideal gas (kg). 
(ii)  the volume occupied by the ideal gas at the final state (m3). 
(iii)  the total change in internal energy of the ideal gas for the combined processes (kJ). 
(iv) the total boundary work done for the combined processes (kJ). 
(v) the net amount of heat transferred for the combined processes (kJ). 

                                                                                                                                                        (16 marks) 
 
 
   

 
 
 
 
 
 
 
 

Figure 1 
 

 

 

 

 

 

Ideal gas 
900 oC 
650 kPa 
0.500 m3 



 

Question 2 

(a) Steam enters the shell side of the condenser of a steam power plant at 10 kPa and a quality of 95 
percent with a mass flow rate of 20,000 kg/h. Cooling water at a constant pressure of 200 kPa enters 
the tubes side of the condenser at 25°C with a mass flow rate of 295 kg/s and leaves at 35°C. The 
condenser is not well insulated resulting in some heat losses to the surroundings. If the steam is to 
leave the condenser as saturated liquid at 10 kPa, determine, 

i. the rate of heat transfer to the cooling water, kJ/s; 
ii. the rate of heat loss to the surroundings, kJ/s. 

(16 marks) 

(b) If the steam pressure in the condenser is raised higher than 10 kPa, briefly describe how this alteration 
will affect the rate of heat loss to the surroundings. 

(4 marks) 

 

Question 3 

(a) Hot combustion gases enter a turbine operating at steady state and expand adiabatically to a lower 
temperature. Would you expect the power output to be greater in a reversible expansion or an actual 
expansion? Please explain your answer briefly. 

(2 marks) 

(b) Refrigerant R134a enters a compressor operating at steady state and is compressed adiabatically to a 
higher pressure. Would you expect the power input to the compressor to be greater in a reversible 
compression or an actual compression? Please explain your answer briefly. 

(2 marks) 
 

(c) A combined cycle power plant consists of a gas power plant and a steam power plant. The gas power 
plant receives 200 MW of heat from a hot thermal reservoir at a temperature of 800oC and rejects heat 
to an intermediate thermal reservoir at 500oC. The heat rejected by the gas power plant to the 
intermediate thermal reservoir is used as a heat source for the steam power plant. The steam power 
plant receives heat from the intermediate thermal reservoir and rejects heat to a cold thermal reservoir 
at a temperature of 30oC. Draw the schematic diagram of the combined cycle power plant and 
determine, 
 
(i) the maximum efficiency of the gas power plant (%) 
(ii)  the maximum efficiency of the steam power plant (%) 
(iii)  the total maximum theoretical power that can be produced by the combined cycle  power 

plant (MW) 
(iv) the actual thermal efficiency (%) of the steam power plant and the actual heat rejected (MW) 

by the steam power plant if the actual power produced by the steam power plant is 80 MW. 
(16 marks) 



 

 

 

 

 
 

 

 
 

PROPERTY TABLE FOR WATER 
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