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INSTRUCTIONS TO CANDIDATES:

PLEASE ANSWER ALL THE QUESTIONS.

REFER TO APPENDICES FOR FURTHER INFORMATION AND
EQUATIONS THAT MAY BE REQUIRED IN ANSWERING THE QUESTION
IN EACH CASE.

QUESTION 1 Heat Removal from Semi-Infinite Solid

1. A 20 metre long section of a 3metre wide steel plate that is 30mm thick is at 200°C. Its
surface is suddenly cooled to 100°C. How long for the temperature at a depth 5 mm has
dropped to 150°C?

2. If the material had been aluminium instead, under the same conditions how heat is
removed in the time that it would take for the temperature at a depth Smm below the
surface to reach 150°C

Assume 0=8.4x10"° m%/s Kksieet =50.2W/m°C , Katuminium = 205.0W/m°C

(See Appendix B Sheet for equations, and further data. Also refer to attached TableA-1 at Appendix A for relevant erf function

values)
[10]

QUESTION 2

Two infinite black plates at 500°C and 100°C exchange heat by radiation. Calculate the heat-
ransfer rate per unit area. If another perfectly black plate is placed between the 500°C and 100°C
plates, by how much is the heat transfer reduced? What is the temperature of the center plate?

[5]

QUESTION 3

Calculate the radiation heat exchange in 1 day between two perfectly black flat planes that are
separated from each other by a constant 100cm by a vacuum having the area of the surface of a
0.7-m-diameter sphere when the planes are maintained at 70 K and 300 K.

[5]

QUESTION 4 Design (ECS4 ELO)

A woman informs an engineer that she frequently feels cooler in the summer when standing in
iront of an open refrigerator. The engineer tells her that she is only “imagining things” because
there is no fan in the refrigerator to blow the cool air over her. A lively argument ensues.
Whose side of the argument do you take? Why?

[5]
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QUESTION 5 Design (ECSA ELO)

A vertical cylinder 1,8m tall and 300mm in diameter might be used to approximate a man for
heat-transfer purposes. Suppose the surface temperature of the cylinder is 78°F, h=2 Btu/h fi*F,
the surface emissivity is 0.9, and the cylinder is placed in a large room where the air temperature
is 68°F and the wall temperature is 45°F. Calculate the heat lost from the cylinder. Repeat for a
wall temperature of 80°F. What do you conclude from these calculations?

General formula temperature conversion from x°F to °C is as follows: - x'F =[{x-32)/1.8]°C
[10]

QUESTION 6

Suppose a 75 mm schedule 80 pipe that has a wall thickness of 5mm is covered with 25 mm of
an insulation having k =60 milliW/m’C and the outside of the insulation is exposed to an
environment having h=10W/m*C and T, = 20°C. The temperature of the inside of the pipe is
250°C. For unit length of the pipe calculate (a) overall thermal resistance and (b) heat loss.

[10]

QUESTION 7

7. Calculate the R value for the following insulations: -
7.1. Urethane foam at 200K
7.2. Fiberglass mats at 350°C
7.3. Mineral wool blocks at 773K
7.4. Calcium silicate blocks at 1000°C
7.5. Cellular glass blocks and boards at 400°C
Use information provided in datasheet.
[10]

QUESTION 8

A steel pipe with 5-cm OD is covered with a 6.4-mm asbestos insulation [k =0.096 Btu/h ft °F]

followed by a 2.5-cm layer of fiberglass insulation [k =0.028 Btu/h ft ‘F]. The pipe-wall
temperature is 315°C, and the outside insulation temperature is 38°C. Calculate the interface
temperature between the asbestos and fiberglass.

Useful information: 1 W/m-°C=0.5778 Btu/h.ft.’F and conversely 1 Btuw/h.ft.F = 1.7307 W/m-°C

[10]

QUESTION 9

Find the heat transfer per unit area through the composite wall in the figure below.
Assume one-dimensional heat flow.
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q‘ B fe = 0177

T =66%

2503

7.5em IH—Bem—

ks =150 W/m°C
kg =30 W/m°C
ke =50 W/m°C
kp =70 W/m°C

Areag = Areap
[10]

QUESTION 10

A horizontal pipe having a surface temperature of 67°C and diameter of 25 ¢m is buricd at a
depth of 1.2 m in the earth at a location where & =1. 8W,m°C. The earth surface temperature is
15°C. Calculate the heat lost by the pipe per unit length. See Attached datasheet at Appendix A
for useful information.

[15]

QUESTION 11 Unsteady State Conduction

An infinite plate having a thickness of 2.5 cm is initially at a temperature of 150°C, and the
surface temperature is suddenly lowered to 30°C. The thermal diffusivity of the material is
1.8x107 m%s. Calculate the center-plate temperature after 1 min by summing the first four non-
zero terms of the equation provided below. Check the answer using the Heisler charts.

_ I nmx

4 _Avo 1 ,-[nm/2L] ar o _
5= Tom —Zn=17%€ . sin= where n=1.3,5 ...

[15]
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QUESTION 12

Oxygen at a pressure of 2 atm and 27°C blows across a 50-cm? plate at a velocity of 30 m/s. The
plate temperature is maintained constant at 127°C. Calculate the Reynolds number as well as the
total heat lost by the plate. (Take the viscosity of air at 2 atm to be 10.4 x 10°® mm?%/s and A=
123W/m?.°C)

[8]

Total Marks [100]
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Appendix A “erf” Function values

70468

Table The arror function

x x i 4 X x x
P 3% | b W rw-2 b
000 PO ;078 071754 162 0 56841
(.02 002256 ;078 4 74001 154 097059
004 D O4ET i 080 0 74210 156 n9orve3
006 00676 ! 082 075381 158 O #7455
nos oos8  ,  Des 0.768514 160 037636
210 p12 | use 0 77610 162 047804
012 0 13476 0£8 0 78660 1.64 097087
; 914 0 15695 090 0 79691 166 QY8110
; a1e 017901 092 080677 168 0 98249
018 020004 094 o 81627 170 038370
920 022070 0.96 032542 172 0 9856
622 24430 098 0 83423 174 098613
024 ¢ 26570 100 0 84270 176 198719
026 028690 | 102 0 8ROB4 178 098817
026 1330788 104 085865 180 5.98908
030 ¢ a2863 106 086614 182 098994
o3z 0.34913 108 087333 184 199074
o34 038926 110 0 48020 186 059147
036 038933 112 0 88079 1 83 099216
v3s 0 40901 114 © 99308 160 299279
040 042839 118 0 89910 182 £ 99338
042 0 44749 P18 €.90484 194 099392
044 0.46622 1.20 091031 1.98 099443
045 0 48486 122 0 51563 1.98 009489
048 0 £0275 1.24 092050 200 0995322
050 D 52050 126 032524 210 0997020
052 0.53780 128 oo2e7s | 220 0993137
054 0 65494 180 CeM01 | 230 0 998857
056 05762 | 182 08306 | 240 0 958311
068 0 58702 134 0941% 280 0999593
069 060386 136 094556 260 0999784
062 0 61941 138 € 04900 i 27 0 999866
054 063450 140 095228 280 £ 920975
086 064038 142 nOEE3 | 280 0999959
068 0 65278 144 0 9830 | 300 £ 999978
070 067780 146 peslE ;  am 0999994
o7 089145 148 2 96365 i aan 0 896594
074 150 026610 | 360 1 000000
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APPENDIX B -
Equation and Data Sheet

T .

L)

X @ kT [
.i'_r_’;r; erfzm And A 2;([7; ?;1 p—y

“erf” function values at Appendix A

|

2
U=m/(pA) % = -;—A—;-— = constant
[

Reynolds numbers

The units for static or dynamic viscosity is Poise(P) often quoted in [cP] = [kg/m?s]
That for kinematic is Stokes (st). For kinematic viscosity 1¢St =1m?/s

Reynolds number in a tube: Rey =Upd/iv
Rey =Uxx/v
Nuy = hox/k = 0.332Rex” Pr*
Cp=1.006 kJ/kg°C
q = hAIT,-T)

& 5.0

X Re0d

90:"9,'. Where 90 = To -Tw and 9;7 b T?i- Tw etc.

Q, _PcVy
A A

P
= — R =287
P= pr Assume 87]/kgK
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Table for use with Question 7
Insulat:on Tvpes and applications
Type Tempercture Thermal Density Application
range Conductnity
°C milliW/m °C* Kg/m?
1| Linde evacuated ~240-1100 0.0015-0.72 Variable Many
superinsulation
2 | Urethane foam ~180-150 16-20 2548 E;L:“d =l
3 | Urethane foam -170-110 -16-20 32 Tanks
4 | Cellular glass blocks -200-200 29-108 110-150 Tanks and pipes
5 Flberg_lass blanket for 80290 2278 10-50 Pip_c and pipe
. wrapping fittings
6 | Fiberglass blankets ~170-230 25_86 10-50 Tan_ks and
equipment
7 | Fiberglass preformed shapes —50-230 3255 10-50 Piping
8 i Elastomeric sheets —40-100 36-39 70-100 Tanks
9 | Fiberglass mats 60-370 30-55 10-50 Pipc and pipe
. fittings
10 | Etastomeric preformed -40-100 36-39 70-100 Pipe and fittings
shapes
11 | Fiberglass with vapour B Refrigeration
barrier blanket 370 & = e lines
12 | Fiberglass without vapour 0 250 29-45 24-48 Hot piping
barrier jacket
13 | Fiberglass boards 20450 3352 25-100 Boilers, tanks,
heat exchangers
¥ Cellular glass blocks and -
4 —r g 20-500 29-108 110-150 Hot piping
15 | Urethane foam blocks and 100-150 16-20 2565 Piping
boards
16 | Mineral fibre preformed . .
shapes to 650 3591 125-160 Hot piping
I7 | Mineral fibre blankets to 750 37-81 125 Hot piping
18 | Mineral wool blocks 450-1000 52-130 175-290 Hot piping
19 | Calcium silicate blocks, Hot piping,
boards 230-1000 32-85 100-160 boilers chimney
. linings
20 | Mineral fibre blocks to 1100 52_130 210 gﬁﬁsm and

*note that this value is provided in milliWatts/m. °C (and not in W/m°C).
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Shape factors:

Iscothermal
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Heislar and other charts
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Figure 4-7 | Midplane temperatirg for an infinite plase
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