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(Use of Standard Thermodynamic tables, Mollier diagram, 

Psychrometric Chart and Refrigerant Property Tables is permitted) 

Answer ALL questions 

PART A — (10 × 2 = 20 Marks) 

1. What are point and path functions? Give some examples. 

2. Distinguish between stored energies and interaction energies. 

3. What is the difference between a refrigerator and a heat pump? 

4. How do the values of the integrals ∫
∂

2

1
T

Q
 compare for a reversible and 

irreversible process between the same end states? 

5. Why are the temperature and pressure dependent properties in the saturated 

mixture region? 

6. What are the four processes that make up the simple ideal Rankine cycle? 

7. Using the definitions of mass and mole fractions derive a relation between 

them. 

8. What does Joule —Thomson coefficient represent? 
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9. How do constant-enthalpy and constant wet bulb temperature lines compare 

on the psychrometric chart? 

10. Moist air is passed through a cooling section where it is cooled and 

dehumidified. How do the specific humidity and the relative humidity of  

air change during this process? 

PART B — (5 × 16 = 80 Marks) 

11. (a) A rigid tank containing 0.4 m3 of air at 400 kPa and 30°C is connected  

by a valve to a piston cylinder device with zero clearance. The mass of  

the piston is such that a pressure of 200 kPa is required to raise the 

piston. The valve is opened slightly and air is allowed to flow into the 

cylinder until the pressure of the tank drops to 200 kPa. During this 

process, heat is exchanged with the surrounding such that the entire air 

remains at 30°C at all times. Determine the heat transfer for this 

process.     (16) 

Or 

 (b) The electric heating system used in many houses consists of simple duct 

with resistance wire. Air is heated as it flows over resistance wires.  

Consider a 15 kW electric heating system. Air enters the heating section 

at 100 kPa and 17°C with a volume flow rate of 150 m3/min. If heat is 

lost from the air in the duct to the surroundings at a rate of 200 W, 

determine the exit temperature of air.  (16) 

12. (a) Air is compressed by an adiabatic compressor from 100 kPa and 12 °C  

to a pressure of 800 kPa at a steady rate of 0.2 kg/s. If the isentropic  

efficiency of the compressor is 80 percent, determine the exit  temperature 

of air and the required power input to the compressor.  (16) 

Or 

 (b) A 200 m3 rigid tank initially contains atmospheric air at 100 kPa and  

300 K and is to be used as storage vessel for compressed air at 1 Mpa  

and 300 K. Compressed air is to be supplied by a compressor that takes 

in atmospheric air at P0 = 100 kPa and T0 = 300 K. Determine the 

minimum work required for this process.  (16) 

13. (a) (i) A 0.5 m3 vessel contains 10 kg refrigerant 134a at -20°C. Determine 

the pressure, the total internal energy and the volume occupied by 

the liquid phase.    (6) 

  (ii) A rigid tank with a volume of 2.5 m3 contains 15 kg of saturated 

liquid vapour mixture of water at 75°C. Now the water is slowly 

heated. Determine the temperature at which the liquid in the tank 

is completely vaporized. Also, show the processes on T-v diagram 

with respect to saturation lines.  (10) 

Or 
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 (b) Consider a steam power plant that operates on a reheat Rankine cycle 

and has a net power output of 80 MW. Steam enters the high-pressure 

turbine at 10 MPa and 500°C and the low-pressure turbine at 1 MPa and 

500°C. Steam leaves the condenser as a saturated liquid at a pressure of 

10 kPa. The isentropic efficiency of the turbine is 80 percent, and that of 

the pump is 95 percent. Show the cycle on a T-s diagram with respect to 

saturation lines, and determine 

  (i)  the quality (or temperature, if superheated) of the steam at the 

turbine exit, 

  (ii) the thermal efficiency of the cycle, and ‘ 

  (iii) the mass flow rate of the steam.  (16) 

14. (a) (i) A rigid tank contains 2 kmol of N2 and 6 kmol of CO2 gases at 300 K 

 and 15 MPa. Estimate the volume of the tank on the basis of  

   (1) the ideal-gas equation of state, 

   (2) compressibility factors and Amagat’s law, and  

   (3) compressibility factors and Dalton’s law.  (8) 

  (ii) An insulated rigid tank is divided into two compartments by a 

partition. One compartment contains 7 kg of oxygen gas at 40°C 

and 100 kPa, and the other compartment contains 4 kg of nitrogen 

gas at 20°C and 150 kPa. Now the partition is removed, and the two 

gases are allowed to mix. Determine 

   (1) the mixture temperature and 

   (2) the mixture pressure after equilibrium has been established.  

   (8) 

Or 

 (b) (i) Using the ideal-gas equation of state, verify 

   (1) the cyclic relation and    

   (2) the reciprocity relation at constant P. (4) 

  (ii) Show that the internal energy of an ideal gas and  an incompressible 

  substance is a function of temperature only,  ( )Tuu = .  (6) 

  (iii) Derive expressions ( )TPu ∂∂ /  and ( )Tvh ∂∂ /  in terms of P, v , and T 

only     (6) 
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15. (a) (i) A 5 m × 5 m × 3 m room contains air at 25°C and 100 kPa at a 

relative humidity of 75 percent. Determine 

   (1) the partial pressure of dry air,  

   (2) the specific humidity, 

   (3) the enthalpy per unit mass of the dry air, and 

   (4) the masses of the dry air and water vapour in the room.  (8) 

  (ii) The dry and the wet-bulb temperatures of atmospheric air at 1 atm 

(101. 325 kPa) pressure are measured with a sling psychrometer 

and determined to be 25°C and 15°C respectively. Determine 

   (1) the specific humidity, 

   (2) the relative humidity, and 

   (3) the enthalpy of the air using thermodynamic relations. (8) 

Or 

 (b) (i) What is sensible heat? How is the sensible heat loss from a human 

body affected by the 

   (1) skin temperature, 

   (2) environment temperature, and  

   (3) air motion?    (6) 

  (ii) Saturated air leaving the cooling section of an air-conditioning 

system at 14°C at a rate of 50 m3/min is mixed adiabatically with 

the outside air at 32°C and 60 percent relative humidity at a rate of 

20 m3/min. Assuming that the mixing process occurs at a pressure 

of 1 atm, determine the specific humidity, the relative humidity, the 

dry bulb temperature, and the volume flow rate of the mixture.  (10) 
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