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Q1. (a) Briefly explain how the following methods used in a gas-turbine power plant increase the

thermal efficiency:

i) regenerator

ii) intercooling between compressors

(6 marks)

(b) Air enters a gas turbine with single-stage compression and two-stage expansion with

reheating at 100 kPa and 27ºC. The air enters both turbines at 927ºC. The overall pressure

ratio is 9. Assume the isentropic efficiency of the compressor is 0.80 and both high-

pressure and low-pressure turbines is 0.85 respectively. The work output of the high-

pressure turbine is 350 kJ/kg. A regenerator with effectiveness of 0.85 is used in this plant

for a regeneration process. Determine,

i) the intermediate pressure between the turbine stages, kPa

ii) the net work produced by the plant, kJ/kg

iii) the back work ratio, %

iv) the thermal efficiency of the plant, %

Show the cycle on a temperature-entropy (T-s). Use constant specific heats where

cp = 1.005 kJ/kg K and k = 1.40.

(19 marks)
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Q2. (a) Explain briefly how reheating process could increase the thermal efficiency of an ideal

Rankine cycle. What would be the practical advantage of this process?

(6 marks)

(b) A reheat steam power plant works with a boiler pressure of 12.5 MPa and condenser

pressure of 10 kPa. Steam enters the high-pressure turbine at a temperature of 550°C and

it exits the turbine at a pressure of 2 MPa and temperature of 300°C. The steam is

reheated at a constant pressure of 2 MPa to a temperature of 500°C. The steam then

expands in a low-pressure turbine and it exits the turbine with a dryness fraction of 95%.

All the pumps are assumed isentropic. The plant produces net power output of 11,000 kW.

Ignore pressure drops in both boiler and condenser and neglect changes in both kinetic

and potential energies. Determine the:

i) isentropic efficiencies of the turbines, %

ii) mass flow rate of the working fluid, kg/s

iii) thermal efficiency of the plant, %.

(19 marks)
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Q3. (a) Among the advantages of a two-stage cascade refrigeration system over a single-stage

system is a reduction in compressor work input and an increase in refrigeration capacity.

Show these effects on a sketch of a temperature-entropy (T-s) diagram and label the

diagram appropriately.

(5 marks)

(b) A two-stage cascade refrigeration system operates with condenser pressure of 1200 kPa

and evaporator pressure of 200 kPa. Refrigerant-134a is used as a working fluid. Heat

rejection from the lower cycle to the upper cycle takes place in a counter-flow heat

exchanger that is well insulated. The heat exchanger serves as condenser for the lower

cycle and as evaporator for the upper cycle. The lower cycle operates between pressure

limit of 200 kPa and 400 kPa while the upper cycle operates between pressure limit of 500

kPa and 1200 kPa. In both cycles, the refrigerant enters the compressor as a saturated

vapor and leaves the condenser as saturated liquid. The isentropic efficiency of the

compressor is 80 %. The rate of heat absorbed by the evaporator in the lower cycle is 25.7

kW. Show the cycle on a pressure-enthalpy (p-h) diagram and determine:

i) the mass flow rates of the refrigerant through the upper and lower cycles, kg/s

ii) the total power input to the system, kW

iii) the coefficient of performance of the system.

(20 marks)
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Q4. (a) Heat transfers by conduction and convection are respectively governed by Fourier's Law

and Newton's Law of Cooling.

i) Write the statement of these two laws and their corresponding mathematical

expressions.

ii) With the help of a suitable diagram and mathematical equations derived from

these two respective laws, discuss how these two laws can be shown to agree

with each other. (Please clarify)

(6 marks)

(b) Figure Q4 shows a vertical cylindrical steel tank with a hemispherical top cover and a

flat-plate bottom. The tank stores hot oil which is continuously heated by an electrical

element to maintain its condition at a constant temperature of 500oC. To achieve this

condition the electrical power required is 68 kW and this is too high and not acceptable.

To reduce heat loss, all outside surfaces of the tank are proposed to be insulated by an

asbestos felt of thickness 60 mm and of thermal conductivity 0.07 W/m K. If the heat

transfer coefficient of all the exposed surfaces of the asbestos felt is 15 W/m2 K,

determine the percentage (%) reduction in the electrical power consumed, to maintain the

oil at 500oC.

(19 marks)
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Figure Q4
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Property Table - Water
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Property Table – Refrigerant 134a
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