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INSTRUCTIONS

Answer question ONE and any other two questions

QUESTION ONE (COMPULSORY) (30 MARKYS)

a) Define the term phase as used in a thermodynamic system. Differentiate between homogenous
and heterogeneous system and give one example of each. (5 marks)
b) Determine the work done by the air which enters into an evacuated vessel from atmosphere

when the valve is opened. The atmospheric pressure is 1.013bar and 1.5 m?® of air at
atmospheric condition enters into the vessel. (5 marks)
) A domestic food refrigerator maintains a temperature of -12°C. The ambient air temperature

is 35°C. If heat leaks into the freezer at the continuous rate of 2kJ/s determine the least power

necessary to pump this heat out continuously. (6 marks)
d) State four advantages of using superheated steam in thermodynamic systems? (4 marks)
e) State four limitations of a Carnot cycle (4 marks)
) Enumerate the three modes by which heat can be transferred from one place to another.
(6 marks)
QUESTION TWO (20 MARKYS)
a) The properties of a closed system change following the relation between pressure and volume

as pV = 3.0 where p is in bar V is in m®. Calculate the work done when the pressure increases
from 1.5bar to 7.5bar. (7 marks)

b) State the first law of thermodynamics (2 marks)
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In a steam plant, 1kg of water per second is supplied to the boiler. The enthalpy and velocity
of water entering the boiler are 800kJ/kg and Sm/s. The water receives 2200kJ/kg of heat in
the boiler at constant pressure. The steam after passing through the turbine comes out with a
velocity of 50m/s, and its enthalpy is 2520kJ/kg. The inlet is 4m above the turbine exit.
Assuming the heat losses from the boiler and the turbine to the surroundings are 20kJ/s,
calculate the power developed by the turbine. Consider the boiler and turbine as single system.

Steady Flow Energy Equation can be expressed as:

D) 2
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Where: £ is enthalpy, Q is heat supplied per Kg of fluid, W is work done by 1kg of fluid, C is
Velocity of fluid and Z is Height above datum, subscript 1 and 2 are respective conditions at

inlet and outlet respectively. (11 marks)

QUESTION THREE (20 MARKS)

a)

b)

A house requires 2 x 10°kJ/h for heating in winter. Heat pump is used to absorb heat from
cold air outside in winter and send heat to the house. Work required to operate the heat pump
is 3 x 10%kJ/h. Determine:

i Heat abstracted from outside

1i. Co-efficient of performance (7 marks)
Discuss with the aid of well labelled diagram and graph of temperature versus heat addition,
the formation of steam considering 1kg of water at 0°C with volume vym? under the piston

(13 marks)

QUESTION FOUR (20 MARKS)

a)

b)

Determine the amount of heat, which should be supplied to 2kg of water at 25°C to convert
it into steam at Sbar and 0.9 dry.

Use an extracted Steam table as given in Table Question 4 (10 marks)
In a steam power cycle, the steam supply is at 15 bars and dry and saturated. The condenser
pressure is 0.4 bars. Calculate the Carnot and Rankine efficiencies of the cycle. Neglect pump
work.

Use an extracted Steam table as given in Table Question 4 (10 marks)
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QUESTION FIVE (20 MARKYS)

a) 1. State the Fourier’s law of heat conduction (2 marks)
1i. List any four Essential features of Fourier’s law of heat conduction (4 marks)
b) The inner surface of a plane brick wall is at 60°C and the outer surface is at 35°C. Calculate
the rate of heat transfer per m? of surface area of the wall, which is 220 mm thick. The thermal
conductivity of the brick is 0.51W/m°C. (4 marks)
c) State any four examples of heat exchangers (2 marks)
d) Differentiate between the following: Black, Opaque, white and gray body radiation
(4 marks)
e) State four factors which coefficient of convective heat transfer value depends. (4 marks)
Table Question 4: Saturated Water and Steam (Pressure)
Absolute | Temp. Specific enthalpy Specific entropy Specific volume
pressure °C) (kJ I kg) (kJ kg K) m3/ kg)
(bar)
p t, h/ hfg hg S¢ Sp S, vr Vg
0.40 759 | 3177 23192 26369 | 1.0261  6.6448 7.6709 0.001026  3.993
0.42 771 | 3226 23163 26389 | 1.0402  6.6140 7.6542 0.001027  3.815
0.44 782 | 3273 23134 26407 | 1.0537 65846 7.6383 0.001028  3.652
0.46 793 | 3319 23107 26426 | 1.0667 65564 7.6231 0.001029  3.503
0.48 803 | 3363 23080 26443 | 1.0792 65294 7.6086 0.001029  3.367
5.0 1518 | 640.1 21074 27475 | 1.8604 49588 6.8192 | 0.001093 0375
5.2 1533 | 6465 21027 27493 | 1.8754 49306 6.8059 | 0.001094  0.361
5.4 1547 | 6528 20981 27509 | 1.8899 49033 6.7932 0.001096  0.348
5.6 1562 | 6588 20937 27525 | 19040 48769 6.7809 | 0.001098  0.337
5.8 157.5 664.7 2089.3 2754.0 19176 48514 6.7690 0.001099 0.326
15.0 1983 | 8447 19452 27899 | 23145 41261 6.4406 | 0.001154 0.132
15.5 1998 | 8517 19392 27908 | 2.3292  4.0996 6.4289 | 0.001156 0.128
16.0 2014 | 8586 19332 27917 | 2.3436  4.0739 6.4175 | 0.001159 0.124
16.5 202.8 | 8653 19273 27926 | 2.3576  4.0489 6.4065 | 0.001161 0.120
17.0 | 2043 | 8718 19215 27934 | 23713  4.0245 6.3957 | 0.001163 0.117
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