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INSTRUCTIONS TO CANDIDATES

Please read the instructions given in the question paper CAREFULLY.
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2. This question paper is printed on both sides of the paper.
3. Please write your answers on the answer booklet provided.

4. Answer should be written in blue or black ink except for sketching, graphic and
illustration.

5. This question paper consists of TWO (2) sections. Section A and B. Answer all
questions in Section A. For Section B, answer two (2) question only.

6.- Answer all questions in English.

7. Formulais appended.

THERE ARE 7 PAGES OF QUESTIONS, EXCLUDING THIS PAGE.




JULY 2010 CONFIDENTIAL

SECTION A (Total: 60 marks)

INSTRUCTION: An‘swer ALL questions.

Please use the answer booklet provided.

)

Question 1

(a) One of the method for heat transfer is conduction.

i What is the definition of conduction?

(2 marks)

ii. Between Copper and glass, which one has the higher thermal
conductivity? Why?

(4 marks)

Outside
temperature

300C ¢ 4 Inside
i temperature

L 600 mm

+ Figure Q1: Brick Wall

Referring to figure Q1, the temperatures of the outside and the inside surfaces of the basic
brick wall are measured to bé‘.BO °C and 17 °C respectively. The wall dimension is 3.2 m x
6.5 m and 600 mm thickness wéli, Given the“thermal conductivity is 0.7 W/m.°C. Calculate:-
(b) The rate of heat transfer through the wall by conduction in kW
(6 marks)
(c) The amount of heat transfer (kWh) where the period of the transfer is 1 day
| (3 marks)

(d) The rate of heat transfer (kW) if the wall thickness increases to 900 mm.

-
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- (5 marks)
Qt;estion 2
(a) What are fundamental different between conduction and convection?
(3 marks)
(b) Heat transfer by convection involves of 2 types of convection,
i What are the 2 types of convection?
(2 marks)
ii. Sketch a figure to show the 2 types of convection.
(4 marks)

i

Figure Q2: Heat transfer by Convection

Referring to figure Q2, the air flow temperature blown across the plastic sheet is 30 °C and
the temperature of the sheet is 90 °C. The area of the plastic sheet is 45 cm x 200 cm.

Consider the convective heat transfer coefficient is 40 W/m?.C. Calculate:-

(c) The rate of heat transfer at the plastic sheet by convection in kW
(6 marks)
_(d) The rate of heat transfer (kW) if the heat transfer coefficient increases to 70 W/m?.C
and temperature of air decreases to 20 °C.

(5 marks)
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QUESTION 3

(a)  Write down the definition for:-
i Grey bodies
(2 marks)
i Black body
(2 marks)

™
206w

om0

Figure Q3: Radiant ball emitted to the Surrounding

Referring to figure Q3, a radiant ball with the diameter of 20 cm is emitting radiation to the
surrounding at 0 K (zero) absolute temperature. The surface of the ball is 750 K and is
assumed the ball closely approximates a "blackbody”, with the Stefan Boltzman coefficient
given 5.676 x 10° W/m? K*, Calculate:-

(b) The rate of radiant heat transfer emitted by the ball in kW
(7 marks)

(c)  The amount of radiation (kJ) emitted by the ball in 120 minutes

(4 marks)
(d) The rate of radiant heat transfer (kW) emitted by ball if the ball is a “grey bodies” (¢ is

0.75) and the diameter ball increases to 45 cm

(5 marks)
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SECTION B (Total: 40 marks)

INSTRUCTION: Answer only TWO questions.

Please use the answer booklet provided.

QUESTION 4

Outsicle Inside
temperature temperature
35C ' 18C
45 cm

bhoards «

Copper ~

» plate

T nun
Ly - >] f-
P

e
300 mm

F‘igure Q4: Boards with copper plate resistance-

Referring to figure Q4, a double-pane board (150 cm x 100 cm) consists of two 300-mm
thick layers of board separated by a 100-mm wide copper plate. The thermal conductivity of
the board and copper are given to be kpoas = 0.56 W/m-°C and Keopper = 375 W/m-°C. The

convective heat transfer coefficient given by h; = 10 W/m?C and h, = 25 W/m?C. Calculate:-

(@) The Total Thermal resistance through the windows, in m?C /W

(6 marks)
(b) The U-value coefficient, in W/m*.C

(4 marks)
(c)  The heat transmission loss through the window in W
B (5 marks)
(d) The U-value coefficient (W/m’.C) if the board thickness increases is doubled

(5 marks)
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QUESTION 5

(a) Sketch the temperature profile across the two tubes for:-
i.  Parallel Flow heat exchanger operation and,
ii.  Counter Flow heat exchanger operation
(6 marks)

45 C
. Cool Water

. Figure Q5: Heat Exehanger

Referring to Figure Q5, a hot water (mC,=4500 W/k ) enter inner tube at 75 °C and heat
exchanges with the outer tube having cool water entering at 45 °C and leaving is 72 °C.

Given the cooling capacity experience by the hot water system is 96,000 W, calculate:

(b)  The temperature exiting in the hot fluid in °C
(5 marks)

(c) Whether the exchanger operate parallel flow or counter flow? (Please show the

temperature profile figure)

(4 marks)

(d) The Log Mean Temperature Different, ALMTD in °C
(5 marks)
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QUESTION 6

shell-side
fluid in

tube sheial 7 ﬂ tlube sheet

tube-side
fluid out

Figure Q6a: Major componénts of a Shell-And-Tube heat exchanger

(a) Referring to figure Q6, name the components labeled under V, W, X, Y & Z.
(5 marks)

Below is a parallel flow heat exchanger water and water in transmission surface of mild steel

specification:

Cold Water in 25 0C

Hot | 1 |

water I l
B w T r” 5 =

In # ¥ & - N # % : b o £ ks o 2 & & B |

150 0C ] ‘J

Cp = 4180 Jkg.K

water

Figure Q6b: Basic Shell-And-Tube heat exchanger

Cold flow enters at 25 °C: mass flow rate, m = 2 kg/s
Hot flow enters at 150 °C; mass flow rate, m = 8 kg/s
Area, A = 45 m’, Overall heat transfer coefficient, U: 464.4 W/m?.K
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Calculate:-

(b)

()

(d)

(e)

(f)

The Capacitance rate of C,,,.x and C,n?

(2 marks)
Value of NTU method
.‘ (3 marks)
The number of capacitance ratio, C,?
(3 marks)

Sketch in Appendix 1 (To be returned), the value of heat exchanger effectiveness?

(3 marks)
The rate of heat exchanger by NTU Method, in kW

(4 marks)

END OF QUESTION
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APPENDIX 1 (TO BE RETURNED)

The effectiveness of parallel and counter-flow heat exchangers from CHART

© N 1 U

Ficvne 1ob1 o Effeetiveness of a paral-
lel-flow heat exchanger

1.0

0.8

0.6
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NTu

Ficore 1115 Effectiveness of a voun-
- terflow heat exchanger
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APPENDIX 2
1. Heat Flux

Q
=,

g

Where, q = heat Flux, (W/m. or BTU/hr.ft.)
Q = Heat flow rate (Watt or BTU/hr)

A = Area to the direction of heat flow (m” or ft?)

2. Fourier Law’s
ooah=ly | 014
; L(T,~T,)

Where

Q = Heat flow rate in x- direction. unit in watt, Btu/hr

k = the thermal Conductivny“unit m W/mK, BTU/hr ftF

A = the area normal to the dl’l’CCl]’()I’l of heat flow. in unit mz,, fi?
dT = different temperature (1o, - Thign), unit °C. %

dx = thickness distance m the direction of heat flow. unit m?, ft’

3. Log Mean Different 'l'empcr;nurc, ALMTD

(AT, - AT)
AT =t r (22
(AT, 7AT))
where where
AT, = the Jarger temperature difference between the two fhuid streafus at either
the entrance or the exit to the heat exchanger
AT, = the smaller temperature difference between the two fluid streams at either

the entrance or the exit to the beat exchanper

4. NEWTON Law’s

dQ
P =hi(r-T
e ( P

P-=dQ/dt 1s rate at which heat is transferred in watt / Btu/hr

7= convection heat-transfer coefficient W/m? C / (Btu/hr-1t2-°F)
A = exposed surface area m* / ft?

I'=temperature of the immersed object (surface) 'C

Ty = temperature of the tluid sufficiently far from the surface "C

CONFIDENTIAL

Q=U-A-AT

(= heat transfer rate (W)
U= overall heat transfer coefficient (W/m? K) @ Correction Factor, F
A= area (m?)

ALMTD = log mean temperature difference (K)
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5. Siefan Boltzman Law’s
. ifra 4
_ 4 — s _
Q = GAT q=eccA\l." - T
R (£}
and = - e —
Where:
Q = heat transfer, Btwhr or Kw
o = Stefan-Boltzman constant
0.1714 x 10-8 Btwhr-ft2 R*  and =5.676 x 10-8 W/m2.K*
€ = Emissivity
A = Area surface, m? or fi?
T =(T; - Ty, T, = Temperature of the first body, K or °R
T, = Temperature of second body, K or °R
6. Heat transmission, Q = A. U. (T, - T;,)
Where, A = Area of the wall surface, m? or ft?
U = U-Value, W/m?.C or BTu/(hr-°F~ {12)
Tou = Temperature out, °C or °F
T= Tcm;lcrature in, °C or °F
7. U-Value factor
U = il
Total Thermal Resistance
U = 1
YR« -
where | .
>R = R,+R+R,
= _1 +Ax + 1
h, K h,

8. Number of transfer unit (NTU)

UA

ran

NTU =

where , NTU = number of transfer unit in dimensionless parameter
U = Overall heat Transfer Coefficient
A = Area surface

Ciin = depending the value of Cyand C. . € = mC,

q= F’Cmin (TL) a Tc.i )

where Q = the rate transfer by NTU method
¢ = effectiveness
C,nin = Heat capacity rate.
Ty = temperature hotter inlet

T, = Temperature cooler inlet




