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INSTRUCTIONS

1. This paper contains five questions.

2. Question one is compulsory and carries 30 marks.

3. Four remaining questions carry 20 marks each.

4. Attempt question one and any other two.

5. You require Steam Tables by G. F. C. Rogers and Mayhew

QUESTION ONE (THIRTY MARKS)

a) State zeroth law (2 marks)

b) Nitrogen gas of 0.3 kg mass at 100 KPa and 400 C is contained in a cylinder. The piston is

moved compressing the nitrogen gas until the pressure becomes 1 MPa and the

temperature becomes 1600C. The work done during the process is 30 KJ. Calculate the

heat transferred from the nitrogen to the surrounding. CV for nitrogen is =0.75 KJ/kg.

(5 marks)

c) State the conditions of a reversible thermodynamic process. (5 marks)

d) List the major components of vapour compression refrigeration system (4 marks).

e) List three types of heat exchangers in terms of flow (3 marks).
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f) State the second law of thermodynamics (2

marks).

g) A hot air plate 1m by 1.5 m is maintained at 300 0C. Air at 20 0C blows over the plate. If

the convective heat transfer coefficient is 20 w/m2 oC, calculate the rate of heat transfer

(4 marks).

h) A heat engine receives heat at the rate of 1500 KJ/min and gives an output of 8.2 kW.

Determine

i. The thermal efficiency (2 marks).

ii. The rate of heat rejection (2 marks).

QUESTION TWO (TWENTY MARKS)

a) State the first law of thermodynamics (2 mark)

b) In an internal combustion engine, during the compression stroke the heat rejected to the

cooling water is 50 KJ/kg and the work input is 100 KJ/kg. Calculate the change in

internal energy of the working fluid stating whether it is gain or loss (4 marks)

c) In figure 1, a stone of 20 kg mass and a tank containing 200 kg water comprise of a

system. The stone is 15 m above the water level, also the stone and water are at the same

temperature initially. If the stone falls into water, then determine the changes in internal

energy, potential energy, kinetic energy, heat transferred and work done, when

Figure 1

i. The stone is about to enter the water (6 marks).

ii. The stone has come to rest in the tank (5 marks).
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iii. The heat is transferred to the surrounding in such an amount that the stone and water

come to initial temperature (3 marks).

QUESTION THREE (TWENTY MARKS)

Determine the turbine work, compressor work, heat transferred in the boiler, heat transferred in

the condenser, net-work from the cycle and cycle efficiency of a Carnot cycle using wet steam

and operating between pressures of 30 bar and 0.04 bar

QUESTION FOUR (TWENTY MARKS)

A vapor compression refrigeration system uses R-12 refrigerant and has a suction pressure of

2.6 bar and a condenser pressure of 12.9 bar. The vapor is dry saturated on entry to the

compressor and there is no undercooling of the condensate. The compression is carried out in 2

isentropic stages with a flash chamber employed at an interstate pressure of 4.914 bar.

Determine

a) Amount of vapor bled off at the flash chamber

b) The state vapor at the inlet to the second stage of compression

c) The refrigeration effect per kg of refrigerant in the evaporator.

d) Work done per kg of refrigerant in the condenser.

e) Coefficient of performance

QUESTION FIVE (TWENTY MARKS)

a) State the properties of a black body, gray body and white body in relation to radiative

heat transfer (6

marks)

b) The insulation boards for an air conditioned room are made of three layers, middle being

of parked grass 10cm thick (k=0.02 w/m°C) and the sides are made of plywood each 3

cm thickness (k=0.21).They are glued with each other.

i. Determine the heat flow per m² area of one surface is at 46° C and the other surface is at

20°C neglect the resistance of give (5

marks).
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ii. Instead of glue if this three pieces are bolted by four steel bolts of 1cm diameter at the

corner (k=40 w/m°C) determine the heat flow per m² area of the board (9 marks)
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