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INSTRUCTION: Answer FOUR (4) questions only

Please use the answer booklet provided.

Question 1

Tank A with a volume of 1 m®and Tank B with a volume of 1 m® (in Figure Q1) are initially
separated by a partition. The partition has a negligible volume. Tank A contains water with

the quality of 0.1 while Tank B contains water with the quality of 0.15. The initial temperature
of Tank A is 25 °C and Tank B is at 30 °C. Answer the questions below:

- Partition

ree
Vapor Vapor
(iquid _ —tiquid—__  —
Tank A Tank B

Figure Q1: Tank A and Tank B containing water (drawing is not to scale)

a) Calculate the mass of liquid water and water vapour in Tank A and Tank B
(12 marks)

Then, the partition was removed and the final temperature of Tank A and Tank B reached
steady state at 30 °C,

b) Calculate the specific volume of water

(3 marks)
c) Calculate the quality of water in the tank

(3 marks)
d) Identify ONE (1) method to increase the quality of water in this tank

(2 marks)
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Question 2

A mixing chamber (Figure Q2) is used to mix hot and cold water streams. The mixing
chamber is exposed to ambient air temperature at 25°C. The outlet temperature (T,) is 40°C.
External surface area of this mixing chamber is 0.45 m% The heat transfer coefficient
between the mixing chamber and surrounding air is 50 W/m? K. Estimate the temperature T,
and evaluate the effect of heat transfer between mixing chamber and surrounding air the

calculated To,.

T,=20°C
m, =2 kg/s
Mixing —
chamber T3=40°C
T2
m, = 3 kg/s
Figure Q2: Diagram of mixing chamber
(20 marks)
Question 3

A Carnot heat engine receives heat from a reservoir at 900 °C at a rate of 1000 kJ/minute.
The work output from the heat engine is used to drive a reversible refrigerator that removes
heat from the refrigerated space which is maintained at -10 °C. Both heat engine and
refrigerator reject heat to ambient air at 30 °C. Answer the following questions:

a) Draw the schematic diagram of this system

(4 marks)
b) Calculate the rate of heat removal from the refrigerated space
(12 marks)
c) Calculate the total amount of heat rejected to ambient air
(4 marks)
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Question 4

The wall of a room is required to only allow 1.5 W/m? of heat to flow for the conditions shown
in Figure Q4. The wall has two layers of insulation separated by a metal sheet. External air

temperature is 30 °C and -20 °C. Answer the following questions:

Metal .
Insulation 1 Insulation 2
=200 W, _
k=0.0l WmK £ 2 /mK - =0.01 WmK

30 °C =20 °C

h, =20 W/m?2K h, = 15 W/m2K

Figure Q4: Schematic of wall

a) Calculate the required thickness of Insulation 2.
(16 marks)

b) Recommend TWO (2) possible methods to reduce the thickness of insulation 2.
(4 marks)
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Question 5

In an air-conditioning system, chilled water at the average temperature of 10 °C is
transported throughout the building using pipes. It is proposed to use a pipe with 0.1 m outer
diameter and 0.05 m inner diameter (Figure Q5). The pipe is made of a material which has
thermal conductivity of 0.1 W/m K. The temperature of air outside the pipe is 35 °C. If the
heat transfer coefficient at the outside surface of this pipe is 10 W/m? K, and the maximum
allowable heat gain per unit length is 0.5 W,

Air temperature = 35 °C

Water
temperature
=10°C

-
>

Inner diameter = 0.05 m

Outer diameter =0.1 m

Figure Q5: Water flowing through pipe

a) Calculate the heat transfer coefficient at the inside surface of the pipe

(12 marks)
b) Calculate the outside surface temperature of the pipe
(4 marks)
c) Evaluate the thickness of this pipe appropriate in reducing heat gain?
(4 marks)

END OF QUESTION
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