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Q1 (a)

Q2

(b)

(c)

(d)

(a)

(b)

(c)

(d)

Define the terms “convection” and “conduction”™.
(2 marks)

Explain “forced convection” and “natural or free convection™.
(3 marks)

Compare the terms “turbulent” and “laminar” flow by giving ONE (1) example

for each terms.
(6 marks)

Air at 1 atm Abs and an average of 450.2 K is being heated as it flows at a
velocity of 6.7 m/s through a tube of 30 mm inside diameter. Outside of the tube,
the heating medium is 492.2 K steam condensing on the outside of the tube.
Assume that the surface wall temperature of the metal in contact with the air if
4922 K.

(i) Calculate heat transfer flux.

(12 marks)

(il)  Explain why you can make the above assumption.
(2 marks)

Explain the terms “film condensation” and “droplet condensation”.
(2 marks)

Discuss internal flow boiling in heat transfer.
(5 marks)

A 1 m long of a small oxidized horizontal polished aluminum tube is in a
very large furnace enclosure with fire brick wall where the surrounding air
is at 835 K. The OD of the metal tube is 27 mm and the surface temperature
is 550 K.
(i) Determine the heat transfer to the tube by radiation.

(7 marks)

(ii)  Determine the heat transfer to the tube by radiation plus natural

convection.
(7 marks)
Describe the mechanism of radiation heat transfer.
(2 marks)
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Q3

Q4

(e)

(a)

(b)

(c)

(d)

(a)

(b)

(c)

Consider a vertical tube with outer diameter of 0.032 m. Steam saturated at
10 psia is condensing on the tube where the surface temperature is at 84 °C.
The heat transfer coefficient is 13 000 W/m2.K, k is 0.7 W/m.K, and Nusselt
number is 5900. Determine the length of the tube.

(2 marks)

Explain the terms “steady state™ and “unsteady state”.
(2 marks)

Demonstrate the relationship between temperature and time for the steady
state and unsteady state condition by plotting a graph.
(4 marks)

Consider that vou are taking out a rectangular box of potatoes which is 12
cm thick at a temperature of 260.4 K from a freezer and place it in an
environment where the temperature is at 303 K. Only the top of the potato
container is not insulated. After 3 h of exposing the potato to the
environment, calculate what is the temperature in the potato at the top of the
surface and at 12 cm below the top surface. The convective coefficient is
constant and is 9 W/m2.K.

(13 marks)

A cylindrical can of tomato soup is in the centre of the vertical stack of cans
and is insulated on its two end by the other cans where the heat capacity of
the metal wall of the can, can be neglected. The can has a diameter of 7 cm
and a height of 10 cm and its initially at a uniform temperature of 28.5 °C.
The cans are stacked vertically in a retort and steam at 120 °C is admitted.
For a heating temperature at 120 °C, with the temperature at the centre of
the can of 102 °C, determine the time of heating. The heat transfer
coefficient of the steam is estimated as 4490 W/m?2.K. Physical properties
of the soup are k = 0.815 W/m.K and a = 2.003 x 10-7 m?%s.
(6 marks)

Demonstrate a spiral heat exchanger by drawing a shematic diagram.
(2 marks)

Explain the differences between a cocurrent heat exchanger and a counter
current heat exchanger. Demonstrate each of the heat exchangers by using

a schematic diagram.
(7 marks)

State FOUR (4) types of foulings and FOUR (4) ways to minimize the
foulings.
(4 marks)

(F5]
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(d) Consider a stainless steel double pipe heat exchanger. Determine the length
and diameter inside and outside of the stainless steel double pipe heat
exchanger if the ratio of the diameter outside to the diameter inside is 1.32,
the overall heat transfer coefficient inside and outside are 415 W/ m? K and
309 W/m? K, respectively, the fouling factor tube inside is 0.0005 m>.K /W,
fouling factors shell tube outside is 0.00015 m?.K /W, area inside is 0.0522
m2, k=15.1 W/mK, hi is 821 W/m?.K and ho is 1199 W/m2K.

(12 marks)

-END OF QUESTIONS-

CONFIDENTIAL

| TERBUKA




CONFIDENTIAL

BNQ 20203

APPENDIX

Table 1: Conversion factor

Quantity | Equivalent Values
Mass 1 kg = 1000 g = 0.001 metric ton = 2.20462 lb,,, = 35.27392 oz
1 Ibm = 16 0z = 5x 10~ ton = 453.593 g = 0.453593 kg
Length 1 m = 100 cm = 1000 mm = 10° pm = 109 A
1m = 39.37 in = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft =12 in=1/3 yd = 0.3048 m = 30.48 cm
Volume 1 m® = 1000 liters = 10% em® = 105 ml
1 m? = 35.3145 ft* = 220.83 imperial gallons = 264.17 gal = 1056.68 qt
16t = 1728 in® = 74805 gal = 0.028317 m* = 28.317 liters = 28317 em®
Force 1N =1 kgm/s? = 10° dynes = 10° g-em/s? = (.22481 by
11y = 32.174 b, ft/s? = 44482 N
Pressure 1 atm = 1.01325x 107 .\'/mz (Pa) = 101.325 kPa = 1.01325 bars
1 atn = 1.01325x10° dynes/em?
I atm = 760 mmHg at 0°C (torr) = 10.333 m 20 at 4°C = 14.696 Ibs/in® (psi)
1 atm = 33.9 ft Ha0 at 4°C = 29.921 inHg at 0°C
Encrgy 1J=1Nm= 107 ergs = 107 dyne-em = 2.778x 1077 kW-h
1.J =0.23901 cal = 0.7376 ft-lby = 9.486x 10~ Btu
Power 1W=1J/s=1341x10"*hp
1.00 e —— 1.00 ——— ——————
Cmin/cﬁma.\'z' 9 5.2970.50—— ‘min ’ICm:L\' L
0.80 : {""5\_00-——-"" 0.80 ) pemr T
0.60 | 060 e W
Q1§ =
g ! € 1.00
0.40 0.40
0.20 0.20
% 1 2 3 4 5 %1 2 3 4 =
Number of transfer units, Number of transfer units,
NTU = UA/Cyin NTU = UA/C;,
i ii

Figure 1: Heat exchanger effectiveness: (i) counterflow exchanger, (ii) parallel flow

exchanger
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Table 2: Dimensionless parameters for use in unsteady-state consduction charts

Y_T,'—"r m._- k
T, =T "~ hx,

o Pt G
y — ¥p X

s .
X1 PCp

SLunits:a = m?*s, T =K, =s,x=m,x; =m, k= W/m- K, h=W/m? K
English units: 2 = ft?/h, T = °F,t = h,x = ft,x, = It, k = btu/h-ft-°F,

h = btu/h-ft2-°F
Cgsunits:a = cm?/s, T = °C,1 =s,x = cm,x; =cm, k = cal/s-cm-°C,

h = cal/s-cm?-°C
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Figure 2: Unsteady-state heat conduction in a large flat plat
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Table 3: Physical properties of Air at 101.325 kPa (1 Atm Abs) in SI units

uox 10t

T T p ¢, (Pa-s,or =k B x 18®  gBpip’
(CC)  (K) (kg/m®) (ki/kg-K) kg/m-s) (W/m-K) N, (JJK) (/K-m’)

—17.8 2554 1379 1.0048 1.62 002250 0720 392 279 x 10%
0 2732 1.293 1.0048 1,72 0.02423 0715 3.65 204 x 10°
100 2832 1246 1.0048 1.78 002492 0713 3.53 172 x 10®
37.8 3110 1137 1.0048 150 002700 0.705 322 1.12 x 10°
65.6 3388 1043 1.0090 203 002925 0.702 295 0.775 x 10®
933 366.5 0964 1.0090 2.15 003115 0.694 2.74 0.534 x 10°

121.1 3943 0895 1.0132 227 003323 0692 254 0.386 x 10®

1489 4221 0838 1.0174 237 003531 0689 238 0.289 x 10°

1767 4499 0785 1.0216 250 0.03721 0687 221 0214 x 10°

2044 4776 0740 1.0258 260 003804 0686 209 0.168 x 10®

2322 5054 0.700 1.0300 271 004084 0684 198 0.130 x 10°

2600 5332 0.662 1.0341 280 004258 0.680 1.87 0.104 x 10®

Table 4: Simplified equations for natural convection from various surfaces

Egquation

h = btufh-ft* -*F h=Wim'-K
Luft 8F m™f Lo AT =

Physical Geometry N N D=fi D=m Ref.

Air at 101.32 kPa (1 atm) abs pressure

Vertical planes and 10*-10° h=028AT/LY* h = 13UAT/LY® (P1)
cylinders = 10° E=018AT)'Y  h=120ATY* (PI)
Horizontal cylinders 10*-10° h=02HAT/DY™ k= 130AT/D)** (M)
= 10% h=018AT)* h=124 AT'? (MD)

Horizontal plates

Heated plate facing 10*-2 x 107 h=02%AT/L)"* 132AT/L)Y* (M1
upward or cooled 2 x 107-3 x 10'° k= 022AAT)'?  h = 1.52ATY (M)
plate facing
downward

Heated plate ieing 3 = 10%-3 x 10'® k= 0 1AT/L)""* &
downward or
cooled plate
facing upward

-
(]

¥
I

COSHAT/LV (M1)

Water at 70°F (294 K)

Vertical planes and 10*-10° ho=26(AT/L)'™ o= 127(AT/LY (P1)
cylinders
Organic hguids at 70°F (294 K)
Vertical planes and 10*-10° h= 12AT/LYE h= SQATIY (P1)
cylinders
7
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Table 5: Heat capacities of foods (Average ¢, 273-373 K or 0-100 °C)

1o :
Material (%) (koK)
Apples 585 IB-40
Apple sauce a0
Asparagus
Fresh 93 194t
Frozen 93 2018
Bacon, Jean 51 141
Banana purée 166
Beel, lean n 4
Bread, white 445 L1288
Butter 1§ 2309
Cantaloupe 21 1t
Cheese, Swiss 55 268t
Corn, sweel
Fresh 133
Frozen L
Cream, 45-60% [~ §1-13 306327
Cucumber 9 410
Eggs
Fresh 118t
Frozen 1.63
Fish, cod
Fresh 0 318
Frozen 0 1.7
Flour 12-135  180-1.88
lee 100 1.958]

H,0 <,
Material (wt %) (kJ/kg - K)
fce cream

Fresh 58-66 3.27t

Frozen 58-66 1.883
Lamb 70 3.18*
Macaroni 12.5-13.5  1.84-1.88
Milk, cows'

Whole 81.5 3.85

Skim 21 3.98—4.02
Olive oil 2.01°*
Oranges

Fresh 87.2 397%

Frozen 87.2 1,933
Peas, air-dried 14 1.84
Peas, green

Fresh 74.3 331t

Frozen 4.3 1.761
Pea soup 4.10
Plums 75-78 3.52
Pork

Fresh 60 2.85¢

Frozen 60 1.342
Potatoes 15 352
Poultry

Fresh 74 331t

Frozen 74 1.551
Sausage, franks

Fresh 60 3.60t

Frozen 60 2353
String beans

Fresh 88.9 381t

Frozen 88.9 1.97%

Tomatoes 95 3.98t
Yeal 63 22
Water 100 4185

= 2¥C.

1 Above lteezing.
1 Below freezing.
§ uaC

%

Table 6: Total emissivity of various surfaces

Surface T(K) TroE) Emissivity, £
Polished aluminum 500 440 0.039
850 1070 0.057
Polished iron 450 350 0.052
Oxidized iron 373 212 0.74
Polished copper 353 176 0.018
Asbestos board 296 74 0.96
Oil paints, all colors 373 212 0.92-0.96
Water 273 32 0.95
8
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Table 7: Thermal conductivities, densities, and viscosities of foods

Temp-
H,0 crature k P n
Material (wi % (X) (Wim-K)  (kg/m®)  [(Pa-s)I0°,
or ¢cp)
Apple sauce 295.7 0.692
Butter 15 271.6 0.197 998
Cantaloupe 0.571
Fish
Fresh 273.2 0431
Frozen 263.2 1.22
Flour, wheat 8.8 0.450
Honey 126 2754 0.50
Ice 100 273.2 225
100 253.2 242
Lamb 71 278.8 0415
Milk
Whole 293.2 1030 212
Skim 274.7 0.538
298.2 1041 1.4
Oil
Cod liver 298.2 924
Corn 288.2 921
Olive 293.2 0.168 919 84
Peanut 2721 0.168
Soybean 303.2 919 40
Oranges 61.2 3035 0431
Pears 281.9 0.595
Pork, lean
Fresh 74 2754 0460
Frozen 258.2 1.109
Potatocs
Raw 0.554
Frozen 260.4 1.09 977
Saimon
Fresh 67 2771 0.50
Frozen 67 248.2 1.30
Sucrose solution 80 294.3 1073 1.92
Turkey
Fresh 74 276.0 0.502
Frozen 248.2 1.675
Yeal
Fresh 75 3354 0.485
Frozen 75 263.6 1.30
Water 100 293.2 0.602
100 273.2 0.569
9
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Formulas

1

T, =

’ 1 In(r, /7)) 1 1 1
i 2] b &
hA 27kl hA,  h,A,  h,A,
1 1
[]J = - T .
‘41 ZR A?lRo +&mﬂ +1€1‘ +Rﬁ +RﬁJJ
qmax = (mcp )min (T}w o Tc." ) = Cmin (Thi . Tc;‘ ) = Cmin ATmm{

C VD VL D hL
- pH N, = it Ny, il N = h_ NNU =—
k M, 1y bk L k

v 014 0.14
DY?
Ny, =186 (NREDNPr fj (%} =h;f Ny, = 0.027Np, °-"Npr/'§( Hs J -

. 80‘(7-',4 _Tzd)
' (Ti_Tz)
qg= A;510T14 - Aa, O_Tzq
g=Aeo(T'-T,*)
a =&
qg=A4h(T,-T,)

Gkl 7l

h, =¢&(5.676 ) L e
TI_TZ

g = qcum' + CIr'ad = hcAl (Tl - TZ )+ hrAl (Tl - TE)

gy L
g=AKT,~T,) Ny, =2+0.60Ny. "~ Np3

1
8ol 6D k\'pr(pL_pv)g(hfg+0'4cvaT) '
= Du AT
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1
hL [pf (o —p,)ehs L T

Ny, =—=113
k, kAT

1.

wall

Ar'=T ,—
p; = liquid density
p, = saturated vapor density

h, = latent heat of vaporization

1
: hL {7l
Vertical surface :- N,, =—=0.0077 g_Pzz_J (Ng, )"
ki Hy
Where Ng, = 4 =£ (vertical tube, diameter D)
Dy 1y
Nge = ﬂ: = (vertical plate, width W)
Wy #y

11
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