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3. This question paper consist of TWO sections.

4, Section A consist 25 MCQ or EMQ questions. Answer ALL questions.
5. Section B consist of four questions. Answer THREE (3) questions only.
6. Please write your answer on the answer booklet provided.
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SECTION A (Total: 25 marks)

Answer ALL questions.

Please use the objective answer sheet provided.

1. The effectiveness of heat exchanger depends on the following factors EXCEPT
A, Weight of material
B. Heat transfer area
C. Flow arrangements
D

Temperature differences

2.  Ina counter-flow heat exchanger, the hot and cold fluids flow
A.  Randomly
B. Atright angles
C. Inthe same direction
D

In opposite directions

3. Identify a type of flow arrangement in heat exchangers.
A, Laminar flow
B. Parallel flow
C. Turbulent flow
D

Cross flow

4. Heat transfer in a heat exchanger mainly occurs by

A.  Convection and conduction
B. Conduction only

C. Radiation and convection
D

Radiation only
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5. A heat exchanger is a device that

A, Transfers heat between two fluids without mixing
B. Generates heat energy

C. Converts heat to work
D

Mix two fluids at different temperatures

6. Diffusion caused by a temperature gradient is known as

A.  Molecular diffusion
B. Thermal diffusion

C. Forced diffusion
D

Pressure diffusion

7. The following are the factors which directly caused diffusion EXCEPT :
A.  Activity gradients
B. Pressure gradients
C. Mass gradients

D. Concentration gradients

8.  Mass diffusion can be described by

A. Fick's Law
B. Fourier's Law

Newton's Law

=

Boyle's Law
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9. Diffusion is considered as

o 0 o

Chemical conversion
Change of phase
Flow of energy

Flow of matter

10. Identify which statement is TRUE about diffusion

A

B
C.
D

It is driven by concentration gradients
It occurs only in gases
It stops when the temperature achieves equilibrium

It requires mechanical stirring

11. Energy transfer by radiation travels at the speed of

A

B
C.
D

12. Radiation heat transfer is defined as energy transfer in the form of

A

B
C.
D

Sound
Fluid flow
Light

Heat conduction

Electromagnetic waves
Molecular collisions
Sound waves

Mechanical vibrations
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13. LMTD stands for
A.  Local Mean Temperature Difference
B. Log Mean Temperature Difference
C. Large Mean Thermal Difference
D

Linear Mean Temperature Difference

14. In a parallel flow heat exchanger,
A.  Fluids flow perpendicular to each other
B. Fluid flow is stagnant
C. Fluids flow in opposite direction
D

Both fluids flow in the same direction

15. The correction factor, F, is used when
A. Fouling is neglected
B. Heat exchanger has multiple shell or tube passes
C. NTU method is applied

D. Fluids are mixed

16. The main function of baffles in a shell and tube heat exchanger is to
A.  Prevent fouling
B. Support the tubes only
C. Reduce pressure drop
D

Increase heat transfer by directing fluid flow
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17. Ablack body is defined as a surface that
A.  Transmits all incident radiation
B. Reflects all incident radiation
C. Absorbs all incident radiation
D

Emits no radiation

18. A black body is considered a perfect
A.  Absorber and emitter
B. Insulator
C. Conductor
D

Reflector

19. The law that relates radiation heat transfer to the fourth power of absolute
temperature is

A.  Fourier's Law

B. Newton's Law of Cooling
C. Stefan-Boltzmann Law
D

Planck’s Law

20. The value of emissivity (g) for a perfect black body is

A 0
B. 1
IS ¢ g
D. 10
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21.  Emissivity (¢) is defined as the ratio of
A. Transmitted radiation to reflected radiation
B. Reflected radiation to absorbed radiation

C. Radiation emitted by a surface to that emitted by a black body at the same
temperature.

D. Emitted radiation to absorbed radiation

22. Radiation heat transfer can occur
A. Onlyin solids
B. Onlyinliquids
C. Insolids, liquids, and gases
D

Only in gases

23. Diffusion is defined as the movement of molecules from

A.  High temperature to low temperature
B. High pressure to low pressure
C. High density to low density

D. High concentration to low concentration

24. Select an example of diffusion
A.  Pumping air into a tank
B.  Stirring sugar in water
C. Heating water on a stove

D. Dye spreading in water
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25. Fouling in a heat exchanger refers to

A.  Increase in heat transfer

B. Accumulation of unwanted deposits
C. Leakage of fluid
D

Mixing of fluids
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SECTION B (Total: 75 marks)

Answer THREE (3) questions only.

Please use the answer booklet provided.

Question 1

Answer all questions.

(a)

(b)

()

A heated vertical wall 0.305 m high of an oven for baking food with the surface at
525 K is in contact with air at 275 K. Calculate the heat-transfer coefficient and the
heat transfer if the width of the wall is 0.305m.

(10 marks)

A thick-walled tube of stainless steel having a thermal conductivity, k = 21.63
W/m.K with dimensions of inside diameter of 0.0254 m and outside diameter of
0.0508 m, is covered with a 0.0254m thick layer of insulation (k = 0.2423 W/mK).
The inside-wall temperature of the pipe is 811K and the outside surface of the
insulation is at 310.8K. For a 0.305 m length of pipe,

i Calculate the total resistance of the system.

{4 marks)

ii. Calculate the heat loss.
(4 marks)

iii. Calculate the temperature at the interface between the metal and the
insulation.

(3 marks)

The inner and outer surfaces of a 0.5 cm thick, 2 m x 2 m window glass in winter
are 10°C and 3°C, respectively. If the thermal conductivity of the glass is 0.78
Wim.K. Determine the amount of heat loss through the glass over a period of 5
hours.

(4 marks)
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Question 2

Answer all questions.

(a)

(b)

()

Two very large concentric cylinders of diameters D, = 0.2 m and D, = 0.5m are
maintained at uniform temperatures of T, = 950 K and T, = 500 K and have
emissivity €, = 0.3 and ¢, = 0.7, respectively. The length of both pipes is 1.5m.

I Determine the net rate of radiation heat transfer between two cylinders.
(4 marks)

ii. ‘ Determine the net rate of radiation heat transfer if both surfaces area
blackbedy.
(4 marks)

A small oxidized horizontal metal tube with an outside diameter of 0.0254 m, 0.61
m long, and with a surface temperature at 588 K is in a very large furnace
enclosure with firebrick walls and the surrounding air at 1088 K. The emissivity of
the metal tube is 0.60 at 1088 K. Calculate the heat transfer to the tube by
radiation.

(4 marks)

A counter flow heat exchanger is used to heat a cold fluid from 37.8°C to 121.1°C
by using a hot fluid entering at 315.6°C and leaving at 148.9°C. Calculate the log
mean temperature difference (LMTD) for the heat exchanger.

{4 marks)

A shell-and-tube heat exchanger with 2-shell passes and 12-tube passes is used to
heat water (Cp = 4180 J/kg.°C) in the tubes from 20°C to 70°C at a rate of 4.5 kg/s.
Heat is supplied by hot oil (Cp = 2300 J/kg.°C) that enters the shell side at 170°C at
a rate of 10kg/s. For a tube-side overall heat transfer coefficient of 600 W/m?®.°C,
determine the heat transfer surface area on the tube side.

(9 marks)
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Question 3

Answer all questions.

(a)

(b)

Water flows in a pipe of 0.0475 m inside diameter at a velocity of 1.5 m/s. The
temperature of the water is 65°C and the wall temperature of the pipe is 35°C.
Calculate the heat transfer coefficient.

(10 marks)

A horizontal steel pipe with 2.5 mm diameter has an outside surface temperature of
80°C. The pipe is exposed to air at room temperature of 20°C.

i Determine the heat transfer coefficient on the outside surface of the pipe.
(12 marks)

ii.  Determine the total heat transfer from the surface of the pipe if the length is 3
m.

(3 marks)
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Question 4

Answer all questions.

(a)

(b)

(©)

(d)

Calculate the rate of heat transfer through a glass window with 3 m® surface area
and 5 mm thickness if the temperature on the two sides of the glass is 14°C and
15°C, respectively and the thermal conductivity of the glass is 0.7 W/im.°C. The
system is at steady state.

(4 marks)

Hot water is transferred through a stainless steel pipe of 0.04 m inside diameter
and 5 m length. The inside wall temperature is 90°C, the outside surface
temperature is 88°C, the thermal conductivity of stainless steel is 16 W/m.°C and
the wall thickness is 2 mm. Calculate the heat losses for the system at steady state.

(4 marks)

The wall of an oven consists of two metal sheets with insulation in between. The
temperature of the inner wall surface is 200°C and that of the outer surface is 50°C.
The thickness of each metal sheet is 2 mm, the thickness of the insulation is 5 cm,
and the thermal conductivity is 16 W/m.°C and 0.055 W/m.°C respectively.

i Calculate the total resistance of the wall to heat transfer.
(4 marks)

ii.  Calculate the heat transfer losses through the wall per m? of wall area.
(3 marks)

A layer of fat 5 mm thick underneath the skin covers a part of the human body. If
the temperature of the inner surface of the fat layer is 36.6°C and the body loses
heat at a rate of 200 W/m?, calculate the temperature at the surface of the skin.
Assume that the thermal conductivity of fat is 0.2 W/m.°C.

(4 marks)
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(e)

The temperature of one side of copper block 5 cm thick is maintained at 260°C. The
other side is covered with a layer of fiber glass 2.5 cm thick. The outside of the fiber
glass is maintained at 38°C, and the total heat flow through the copper and fiber
glass combination is 40 kW. Determine the area of the slab.

Given:
K e =386 Wim.K
Keer giass =0.038 Wim.K
(6 marks)
END OF EXAMINATION PAPER
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A. CONDUCTION

CONFIDENTIAL

System Equation
Flat slab or wall -—kAAT
1=
R, =&
R
Hollow cylinder
q, =27kL I %]

Spherical
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B. CONVECTION

Free Convection Force Convection
Vertical Plate/ Vertical Cylinder Flat Plate
Laminar flow (Re < 5 x 10°):

hL

1/6 2
0387 Ra, }
. Nu==2=0.664Re"” Pr/>

Nu=10.825+ 1 -
{ [+ (0.492/Pr)”"¢ |

Turbulent flow (Re > 5 x 10°):

Wig= %L — 0.0366Re"* Pr/*

Horizontal Cylinder Cylinder

2 112 p, 113
0.387 Ra,,"* } Nu="2 o034 QOERETPT i, (Rer282000)° ]
8/27

Nu=40.6+1
{ L+ (0.559/Pr)°"™ |

Sphere Sphere

k i [1 +(0.4/Pr)*? TM

Nu = 2 il 0.589 RaD 1/4 . Nu :hTDZ 204+ [O'4Re|,fz+0-06R621‘3]Pr0.4(}u—mJ
[1 1 (0.469/ Pr)*" 14/9 L,

Lip*gBAT
Gr = T
1]
Ra = Gr.Pr
q = hA(T,, — T})
hL,
Nu = I
vL
Re= PVL,
M
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C. RADIATION

q = £AoT?
q = £Ao(T1* - T,

0 =5.676 x 108 W/m2.K*

Aso(Ty*-T,*
Qs = ‘—1(:% for 2 parallel plates

€1 £2

_ Ago(1-1%)
QIZ 1 1—52(1'1)
_+_ —

£ £2 \r2

for 2 concentric cylinders

D. HEAT EXCHANGER
61— 6,

AT,, =
g
In (g3

Parallel 92 = T:'to _T;‘o 91 -~ T};i —L

Counter-flow 6, =7, -T 0,=T, —T

q = UAAT,
q = mCyAT
q = UFAAT,,

E. INTERPOLATION

(6= X = )
K 5)

r '
}i.(??nh:rpr)ﬂrz.': d) = 12 oI
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[TABLEA-1S
Properties of air at 1 atm pressure

Speclic Thermal Thermal Dynamic Kinematic Prandtl
Ternp. Density Heat Conductivity Diffushty Viscosity Yigtosity Humber
1.C o, kgtmd o, Jag K £ Wi a, s i, kplmes ¥, /S £y
-150 2.866 983 001171 4158« 10°¢6 BAM® x 10 3013x10F 0.7246
-100 2.038 966 0.01582 8036 x 10°% LI83x10% 5837 x10°F 0.7263
~50 1.582 G999 0.01979 1.252 % 1078 LATAx 10 9319x 10 0.7440
~40 1.514 1002 0.02057 1.356 % 10°% 1827 x 10°% 1008 x 10°% 0.7436
~30 1.451 1004 0.02124 1465 » 100 1579 % 10 1o87 x 1ot 0.7425
-20 1.394 1005 9.02211 1578 x 107} 1.630x 10°%  L169x 1078 0.7408
-10 1.341 1006 0.02268 1,696 x 1073 1680 x 10°% 1252 x 108 0.7387
g 1.292 1006 0.02364 1818 x 10°% 1.729 x 10 1338 x 1078 0.7362 -
5 1.269 1006 0.02401 1.880 x 10°% 1754 x 10% 1382 x 10°F 0.7350
10 1.246 1006 0.02439 1.944 x 10 L7718 x 10 14269 10°F 0.7336
15 1.225 1007 0.02476 2.008 x 16°° 1802 % 107% 14720 % 10°F 0.7323
20 1.204 1007 0.02514 2078 % 10°% 1.825 % 107 1516 % 107 £.7309
25 1.184 1007 0.02551 2141 x 10°% 1.849 % 10°% 1562 x 105 0.7296
30 1.164 1007 0.02588 2,208 x 10°% 1872% 10°% 1608 x10°% 0.7282
35 1.145 1007 0.02625 2.277 % 10°% 1.895 x 107 1.655x 10°* 0.7268
40 1.127 1007 0.02662 2346 x 10°% 1.818% 10°%  L702x 10°* 0.7255
45 1.109 1007 0.02699 2416 x 10°% 1841 x 10 1750 % (0% 0.7241
50 1,092 1007 0.0273% 2.487 x 10°% 1963 x 107 1798 x 108 0.7228
60 1,059 1007 0.02808 2.632 x 10°% 2008 % 10°% 189 x 1073 0.7202
70 1.028 1007 0.0288] 2.780 x 10°% 2052 x 10°% 1995 % 10°% 0.7177
80 0.9994 1008 0.02953 2931 x 10°° 209 % 10°% 2097 x 1078 07154
90 0.9718 1008 £.03024 3.086 % 10°% 2139 x 10°% 2201 x 103 0.7132
100 0.9458 1009 0.03045 3243 % 1078 218l x 10°% 2306 x 10°F 0.7111
120 0.8977 1611 0.0323% 1565 x 10°% 2.264 % 1078 2522 x 1078 0.2073
140 0.8542 1013 0.03374 3898 « 10°% 2345 ¢ 10°% 2,745 x 1075 0.7041
160 0.8148 1016 0.03511 4241 % 10°% 2420 % 10 2975 x 107} 0.7014
180 0.7788 1019 0.03646 4593 x 10°% 2504 x 10 3212 x 1008 0.6932
200 0.7459 1023 0.03779 4954 x 10°% 2577 % 10°% 3455 x 10F 0.6974
250 0.6746 1033 0.04104 5.890 x 10°% 2760 % 10% 4091 x 10 0.6946
300 05158 1044 0.04418 6871 x 107% 2934 % 10°% 4788 x 107° 0.6935
350 0.5664 1056 0.04721 7.892 x 109 BA0L % 10°%  5475x10°% 06937
400 0.5243 1069 0.05015 8.951 x 105 3261 x 10%  &219x 107 0.6948
450 0.4880 1081 0.05298 1.004 x 1074 3415 x 10 6.997 % t0°® 0.6565
500 0.4565 1093 0.05572 1117 x 164 3563 % 10°%  7.806 % 10°% 0.6986
600 0.4042 1115 0.06093 1352 x 1074 3846 x 10 9515 % 100 0.7037
700 0.3627 1135 0.0658] 1.598 ¥ 10°% 41 x10°% 1133 % 109 0.7092
£00 0.3289 1153 0.07037 1,856 x 10°% 4362 % 10°% 1326 % 107 0.7149
800 0.3008 1169 0.07465 2122 x 10°% 4500 x 10 1529 x 10 0.7206
1000 0.2772 1184 0.07868 2398 x 10 4826 % 10°% 1741 x 164 0.7260
1500 0.1990 1234 0.09559 3908 x 107 58i7x10°%  2922x 10 0,7478
2000 0.1553 1264 0.11113 5,664 « 107 6630 % 10°% 4270 x 164 0.7539
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_TABLE A-9

Properties of saturated water

Valuma
Enthalpy  Specific Tharmal Prangtl Expansion
Saturation Denzity of Heat Conductiwty Drenamic Viscosity Mumber
Temp. Pressure o 8pm? Veporization o, JhgX k, Wim-K . kgimes Pr ¢
T Pu kP2 Liguid  Vaper Ay kikg Liguid  Vepor  Liquid  Vapor Liquid Vapor Liguid Vaper Liquid
G.G1 06113 2598 J.0048 2501 4217 1854 0661 Q0171 1782x 107 0922« I0* 135 1.00 0068 103
5 0.8721 9999 Q.0058 2490 4206 IBRT 04571 00173 1510+ 107 093 =105 112 100 G.01Bx101
10 12276 2537 0C034 2478 4134 IBE2 (0580 Q0176 1307 x 107 086« 10F 945 100 0733x 109
16 1.7051 8991 00128 2456 4185 1863 058% 40179 113Bx10° 09689 x10* 802 100 0138 x 107
20 2339 9980 0.0173 2454 4182 1BE7 Q598 0.0182 1.002x 107 0973« 1IGF¥ 701 100 0195101
25 3169 9970 00231 2442 4180 1870 0407 Q0186 0891x10F 0087 »10: £14  LOD 0247 - 103
30 4245 9850 00304 2431 4178 1BYE 9515 (00139 OF9Bx 1DF 1001 x i0F 542 100 0.294 x 102
35 5628 9940 Q.0397 2415 4178 1880 0523 006182 0720 107 1016w=10% 483 100 0337 x 103
a0 7.384 @g21  Q.0812 2407 4179 1885 0631 00196 0853Ix 103 1031 xI10F 432 LO0 0377 » 101
48 2593 9801 00658 2395  4IBD  IB92 0537 00200 O0GRE. 107 FO4E 10 291 100 045 x104
3 1235 9881 Q0831 2383 4181 1800 0644 006204 037 x 107 IDE2wI0® 355 1.00 0451 =102
5 1576 9852 0145 2371 4183 1908 0543 Q0208 0534x 107 1077 x10° 335 100 C484 « 107
50 1954 3833 (01304 235 4185 1816 0654 O.0212 04&7« 107 1093 xI10F 293 100 0s17x103
£5 z503 9804 01614 2346 4187 1926 0559 Q0216 0433x 107 LIl0=iC0® 275 1.00 0.54B v 107
it 3119 9775 01983 2334 4190 1836 0663 0.022]1 0404107 1126 xi0F 255 100 G578 =103
75 3858 9747 02421 2321 4193 IG4B 0667 0.0225 037B . 107 1142« 10% 238 100 GEO7x1013
Bl 4739 49718 02935 2305 4197 1562 0670 00230 03865x 109 1159w ic® 222 1.00 0653 =107
85 57 83 9681 90.3%536 2208 4201 1577 04673 00235 0333x 107 1176 x10% 208 1.00 0670 x 107
e 7014 9653 04235 2283 4206 1993 Q57H 00240 0315107 1303w I0: 196 100 0702 %101
a5 8455 9615 05045 2270 4212 2010 Q67T 00246 0297 x 1973 1210x10% 185 1.00 0.7i6 =107
100 101.33 9573 (0.5978 2257 &My 2029 0679 00251 0282x10% 12T x 0% LYY 100 G7S0x 101
110 14327 9505 O.B263 2230 4229 2071 Q682 00262 0255x 107 IXIxi0® 158 100 Q7EB 103
120 16853 9424 113 2203 4244 2120 0683 Q0275 0232x 107 1296 xI0F 144 1.00 0.858 » 107
130 2731 9345 1496 2174 4263 2177 06B4 00288 0213x107% 1330x10% 133 101 0613x1D3
140 L3 9217 18Eh 2145 4286 2744 0683 00301 0197 %109 I35 10f 124 1.02 0570k 103
i 47H8 9188 2546 2118 4311 2314 Q4682 00316 0183 x 107 1399« 0% 116 102 1.025« 107
163 Bl7.2 agrd4 3388 2083 4340 220 0580 Q0331 D1F0. 107 1434 xI0F 109 105 1MEx 107
17a %17 8377 4118 2060 4370 2450 0677 00347 0160w 107 IABEwIG® 103 108 1.178 % 107
183 1002 8873 5153 2015 #4410 2590 0673 006354 0160x 103 D602 x I10° Q583 107 12i0x10°
193 1.254.4 B7s4 5388 1879 4460 2710 0569 O.0382 Q142» 107 1537 = i0% 0947 109 1280x103
20 15538 8643  7.BS52 1941 4500 2840 04663 0.0401 0134 %107 1571 xI0% Q010 111 1350107
220 2318 B402 1180 1858 481D 3110 0550 Q0442 0122 =103 15641 % 105 0865 115 1520 <107
241 3,344 B137 1573 1767 4750 3820 05632 00487 0Q1E1x107 112 xI0% Q836 1.24 1720101
2640 4 BE8 FBIT 2369 1663 4670 4070 0509 00540 0102 % 10F 1738 < 10° (832 [.35 2000 =107
281 6412 508 3315 1348 5280 4835 0581 00605 0084 x103 1B70x10% OBB4 145 2380« 102
300 8581 7138 46.15% 1405 5750 5080 0548 Q0695 0086« 107 1965w i0® D902 160 2950107
324 11.274 86F1  £4.57 1239 6840 7500 0509 00836 00FEx 107 2084 = 10F 100 137
349 1& 585 5105 9262 1028 8240 1LEBID 046% 0110 O0OFOx 107 2285 x10% 123 243
360 18,651 5283 1440 70 14890 25800 QA4Z7 0178 0QD50. 103 ZE71xI0S 205 373
374.14 22,080 3174 317.¢ G — —_— = - G043 x 103 4313 % 10%

Miode I: Kinermetic viscosity » 2nd thermal difi can be calculated from their dafinitions, » = sfpand n = ia’,rcp =~ /Fr. The termperziures 0010, 100°C,
t temperatures of waler, respectively. The properiies lisled zbove {except the vaper density) can be used al
ez ngar the critical point value.

{ o kidg- KL and the onit Wim-"C for thermal conductivty 5 equivzlent o Win &

Souroe: ¥iaoosty and hermal conductivity data are from LV Sergers and 1. 1. B, Watson, Joumal of Plysica 2nd Chemical Reference Dai 15 11384),
oo 1291-1322, Other daia are oblained from warous sources of calnuleied.
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(a) One-shell pass and 2, 4, 6, ctc. (any multiple of 2), tube passes
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(b) Two-shell passes and 4, 8, 12, etc. (any multiple of 4), tube passes
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., 0.9 N \‘:.: "“\:‘:\‘_\\ T 4 K
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& 08 \\ N \\. R 7 75
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(¢) Single-pass cross-flow with both fluids unmixed
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5 i WY A e
S b.d S O O e L R Y LY
= L. ! \ \ U NN 3 \ X 5 1y
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B |V ENAVAVER WA VNN S
S 0.6 R Ty -T5 \ \ T,
| i I,— 1, \ \ \ =
0.5 | I | ‘ \ \ 4 {
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£1—4h

() Single-pass cross-flow with one fluid mived and the other unmixed
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