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If required take the specific heat of steam at 1.0 bar (Cps) as 2.1 kJ/kgK 
 
QUESTION 1 
 
1.1 The following data was obtained during a trial of a steam boiler at Hendrina 

power station: Feed water temperature, 75°C. Mass of feed water supplied 
per hour 4,900 kg. Steam pressure, 11 bar; dryness fraction of steam, 0.9; 
coal fired per hour, 490 kg; calorific value of 1 kg of dry coal, 35,600 kJ/kg; 
moisture in coal, 4% on mass basis; temperature of flue gases, 300°C; 
boiler house temperature, 16°C; barometric (atmospheric) pressure 1.013 
bar. Analysis of dry coal on mass basis, C = 89%; H2 = 3%; ash = 4%; and 
other matter = 4%; The air fuel ratio required for combustion is 17.7 kg per 
kg of fuel. Take specific heat of dry flue gases as 1.02 kJ/kg K. Draw up the 
heat balance sheet for the boiler per kg of coal fired and determine its 
thermal efficiency. (24) 

 
1.2 The steam boiler in this question forms part of a steam plant operating on a 

Rankine cycle. The steam from the boiler enters the superheater which 

raises its temperature to 420C before it expands in turbine and exhausts 
dry saturated at 10 kPa. For the turbine estimate the turbine power 
developed and the isentropic efficiency. 10 

  [34] 

 [34] 
 
QUESTION 2 
 
A closed vessel of 0.7 m3 capacity contains saturated water vapour and air at a 
temperature of 42.7°C and pressure of 0.127 bar. Due to further air leakage into 
the vessel, the pressure rises to 0.28 bar and temperature falls to 37.7°C. 
Calculate the mass of air which has leaked in. Take R 0.287 kJ/kg K for air. 
 [10] 

 [10] 
QUESTION 3 
 
3.1 Dry saturated steam at a pressure 15 bar expands reversibly in a cylinder 

behind a piston until the pressure is 1.0 bar. If heat is supplied continuously 
during the process in order to keep the temperature constant, estimate the 
change in internal energy per unit mass of steam. [8] 

 
3.2 A certain quantity of steam in a closed vessel of fixed volume of 0.3 m3 

exerts a pressure of 15 bar at 280C. If the vessel is cooled so that the 
pressure falls to 10 bar, evaluate the final quality of steam, and determine 
the change in internal energy, during the process. [12] 

 
 

 [20] 
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QUESTION 4 
 

A student in the steam plant class carried out an experiment to determine 
the performance of a cooling tower. The following readings were taken. 
Estimate the tower characteric and evaluate its effectiveness. Make up water 
is supplied outside the tower. 
 

inlet dry-bulb temperature (C) 20.7  

air inlet wet bulb temperature (C) 8 

air outlet dry bulb temperature (C) 21 

air outlet wet bulb temperature (C) 21 

water inlet temperature to Tower (C) 27 

water outlet temperature from tower (C) 15 

water flow rate (g/s) 40 

 
 [12] 

 
QUESTION 5 
 

A turbine connected to boiler number 4 at Medupi power station, operating, 

receives steam at 36 bar and 470C and exhausts at 0.1 bar. At an optimal 
reheat pressure, the steam is withdrawn and part of it is used for feed water 
heating in a closed feed heater, while the remainder passes through a re-

heater. The steam re-enters the turbine at the reheat pressure and 370C. 
Evaluate the thermal efficiency of the steam plant taking pump work into 
consideration. State your assumptions. 

 [20] 

 [20] 

 

   TOTAL [96] 
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