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QUESTION 1 
a) An ideal gas undertaken an expansion process according PV = constant law. Prove that the 

boundary work, W12, for such process is given by 

1

2
1112 V

VlnVPW =  

where P = pressure (kPa) and V = volume (m3) 

 
b) Air initially at 800 kPa, 600 K and 0.25 m3 contain in a piston-cylinder assembly undergoes 

a thermodynamics cycle as follows 

 
1 – 2 : expansion process according to polytropic law, PVn = constant, (where n = 1) until 

the volume increased to 0.5 m3; 

2 – 3 : isobaric compression until initial volume is achieved; and 

3 – 1 : isochoric(isometric) process to initial pressure. 

 
i) Determine the pressure (kPa), temperature (K) and volume (m3) for state 2 and 3. 

ii) Sketch the cycle on a P – V diagram and label all the pressure, temperature and volume. 

iii) Calculate the boundary work (kJ) for each process. 

iv) Evaluate the heat transfer (kJ) involved for each process. 

v) Determine the change of internal energy (kJ) for each process. 

vi) Show that the change of internal energy (kJ) for the entire cycle is positive, negative or 

zero. 

Table Q1: Properties of air 

Property R 

(kJ/kg.K) 

cp 

(kJ/kg.K) 

cv 

(kJ/kg.K) 

k 

Value 0.2870 1.005 0.718 1.4000 

(20 marks) 

  



 Semester I, 2018-2019 

QUESTION 2 

a) Steam flows steadily into a well-insulated turbine with a mass flow rate of 6 kg/s and a 

negligible velocity at 600 kPa and 550°C. The steam leaves the turbine through a 1.12 m 

diameter opening at 10 kPa with a velocity of 18 m/s. If the changes of kinetic and potential 

energies were neglected, determine the power output produced (MW). 

(16 marks) 
 

b) If the turbine was not insulated, what would be the effect on the power output? Discuss 

briefly.  

(4 marks) 

 

 

QUESTION 3 

 

a) i) State the four processes that make up the Carnot cycle? 

ii) ‘It might be possible to develop an updated heat-engine that could be more efficient 

than a Carnot heat engine operating between the same temperature limits.’ 

Is the statement true or false? Why? 

(4 marks) 

b) An inventor claims to have developed a refrigeration system that removes heat from the 

closed region at -12°C and transfers it to the surrounding air at 25°C while maintaining a 

COP of 7.0. Is this claim reasonable or not? Justify your answer with calculation.  

(6 marks) 

c) A steam power plant receives heat from a furnace at a rate of 280 GJ/h. Heat losses to the 

surrounding air from the steam as it passes through the pipes and other components are 

estimated to be about 8 GJ/h. If the waste heat is transferred to the cooling water at a rate 

of 145 GJ/h, determine  

(i) the net power output (MW), and  

(ii) the thermal efficiency of this power plant (%). 

 (12 marks) 
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ATTACHMENT 
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