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SECTION A: THERMODYNAMICS
Answer THREE questions from this section.

Show that the condition for minimum work in a two stage air compressor with complete
intercooling between stages is given by P, = /PP, .

Where: P; = the intermediate pressure;
P, = the suction pressure;

P, = the delivery pressure.
(7 marks)

A two stage air compressor delivers air at a mass flow rate of 0.38 kg/s. The suction,
interstage and delivery pressures are 1 bar, 5 bar and 11 bar respectively.

Atmospheric air enters the low pressure cylinder (LP) at 18 °C. The air is inter cooled
to 20 °C before entering the high pressure cylinder (HP) and is delivered at 65 °C. The
clearance volume of the LP and HP cylinders are 6% and 8% of the stroke volume

respectively. Assuming the law of compression and expansion to be PV™ = C for both
cylinders, determine the:

@) value of index n;
(ii)  swept volume of each cylinder;

(iii)  amount of jacket cooling required in each cylinder.

(13 marks)
Show that the air standard efficiency of an ideal Otto cycle is given by:
1
7=k
'Wilere: T = compression ratio; 7;' =
~ ¥ = compression index. = :
= (7 marks)

'An engine of 150 mm bore and 250 mm stroke operates on an ideal Otto cycle The

clearance volume is 0.00260 m®. The intake pressure and temperature are 1 bar and
55 °C respectively. If the maximum pressure is limited to 20 bar and assuming the ideal
conditions, determine the:

() air standard efficiency of the cycle;

(i) ~ mean effective pressure for the cycle.
(13 marks)
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Show that the adiabatic index (7) for a gas is given by:

_Cp
e s
Where: Cv = specific heat capacity at constant volume; =
Cp = specific heat capacity at constant pressure.

(6 marks)

Air enters the compressor of an open cycle gas turbine plant at a pressure of 1 bar and
temperature 15 °C. The pressure of the air after compression is 6 bar. The isentropic
efficiencies of compressor and turbine are 78% and 82% respectively. The air-fuel ratio
used is 80:1 and the calorific value of the fuel is 41.8 MJ/kg. The flow rate of air is

5 kg/s. Sketch the plant and temperature entropy (T-S) diagrams and hence

determine the:

(i) power developed;
(i)  thermal efficiency of the cycle.

Assume Cp = 1.0 kJ/kgK and 7 = 1.4 for both air and combustion gases.
(14 marks)

Show that for a counter flow recuperative heat exchanger, the logarithmic mean

temperature difference (6.) is given by: 0, = H‘_002 ;
1n<—l
%)

Where 0, and 6, are the temperature difference at the inlet and exit from the
exchanger. (14 marks)

The flow rates of hot and cold water streams running through a parallel flow heat
exchanger are 0.4 kg/s and 0.7 kg/s respectively. The inlet temperatures on the hot and
cold sides are 65 °C and 15 °C respectively. The exit temperature of hot water is 35 °C.

If the individual heat transfer coefficient on both sides are 600 W/m2K, calculate
the area of the heat exchange surface.

Take specific heat capacity of water to be 4.187 kJ/kgK. (6 marks)

Outline two examples for each of the following types of fuels:

(i) solid fuels;
(ii) liquid fuels;
(iii)  gaseous fuels.
(6 marks)
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