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0. EMH441

A steel pipe (k = 45.0 W/mK) having a 0.05 m outer diameter is covered
with a 0.05 m thick layer of magnesia (k = 0.07 W/mK) which in turn
covered with a 0.02 m layer of fiberglass insulation (k = 0.048 W/mK).
The pipe wall outside temperature is 95 °C and the outer surface
temperature of the fiberglass is 30 °C. Calculate:

(i) the interfacial temperature between the magnesia and fiberglass.
(i) the steady state heat transfer.

(40 marks)

A large steel frying pan of thickness 0.5 cm, initially at 20 °C, is placed
on a stove. The bottom of the pan is subjected to a uniform heat flux 300
W/m? and the top is exposed to cool ambient at 20 °C. The heat transfer
coefficient between the pan and the ambient air is 30 W/m2K. Calculate
the temperature of the pan at 5 minutes and 10 minutes after the heating
starts (For steel, thermal conductivity k = 70 W/mK, density p = 7840
kg/m?3 and heat capacity Cp = 450 J/kgK).

(60 marks)

Water enters a tube with diameter of 0.01 m. The velocity (m/s) and temperature
(K) can be expressed as

u(r) = 0.2[(1 = (r/R)?]
T(r) = 280 + 100(r/R)3

where r and R are radial position and the radius of the tube, respectively.

a)

b)

Derive the average velocity and the mixed mean water temperature from
the given velocity and temperature profiles.

(60 marks)
Calculate the hydrodynamic and the thermal entrance length. The water
properties can be taken to be density of 1000 kg/m3, dynamic viscosity

of 1 x 1073 kg/ms and thermal diffusivity to be 1.6 x 107"m?/s.

(40 marks)

Water is boiled at 100 °C at atmospheric pressure of 1atm using a 25 cm long
and 5cm diameter electric heating element, as depicted in Figure 3. The
cylindrical heating element is made of platinum. As indicated by the wattmeter,
the electrical power consumed during the boiling process is 2 kW.
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3. EMH441

Heating
Element

Figure 3

Assume that the efficiency of the electrical system is 100%, no loss of
energy in the system and the electrical power is fully used to boil water
in the pan, calculate the temperature on the surface of the heating
element. Assume the boiling occurs in the nucleate boiling regime.

(60 marks)
Calculate the peak heat transfer rate.

(40 marks)

As shown in Figure 4(a), two large spheres (D1 and D2) have a diameter
of 5 m and 2 m, respectively. Calculate:

(i) The view factor from surface D1 to surface D1.
(20 marks)

(ii) Radiation heat transfer for D1 to D2, assume all sphere are black
body condition. Take Stefan Boltzmann coefficient = 5.67 x 108
W/m?2K*,

(20 marks)
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/ «—| Diameter = 5m

Temperature = 1000K

D2
’ -."'\-\ / Diameter = 2m

Temperature = 700K

Figure 4 (a)

b) As shown in the Figure 4(b), the effective surface area = 20 m?. Calculate
overall heat transfer coefficient. Take cp for air and oil are 1000 J/kg.K
and 2100 J/kg.K. The overall heat transfer coefficient = 350 W/m2K.
Calculate outlet temperatures of air and oil.

Air flow, (unmixed) ]

Inlet temperature = 30°C,

Yolume flow rate = 23600m*/h

Density =1.2 kg/m"’

Qil flow, (unmixed)

M Inlet temperature = 200°C,

volume flow rate =4.5 mé/h

Censity =200 kg/m’
Figure 4 (b)

(60 marks)
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APPENDIX 1
Formulation
1.  General properties
Properties of zaturated water
Enthalpy  Specilic Therma Prandtl
Saturation Density of Heat Conductivity Cynamic Viscosity Nurnber
Temp. Pressure o, kpim? Vaparization o, Vhg-K k, Wim-K 1, kg'm-s Pr
T.°C Py kPa  Liguid Vapor My, KMkg  Liguid  Vapor  Liguid  Mapor Ligquid Vapor Liquid Vapar
0.01 0.6113 %998 00048 2501 4217 1854 D661 00171 1792 = 10°% 0922 « 105 135 100
5 08721 9999  0.0068 2450 420 1B57 0571 00173 1519=107" 0834 = 107" 112 1.00
10 1,228 9499.7 000594 2478 4154 1862  0.580 00176 1.307 = 1077 0946 = 10-" 945 100
14 1./051 9991 00128 2464 4185 1863 0582 00179 L1388 = 107% 0959 = 1075 &09 100
20 2.33% 9980 00173 2454 4182 1867 0.598 00182 1.00Z2 = 10" 0973« 10°" 7.0l 1.00
25 3169 9970 00231 2442 4180 1870 0607 00186 0891 = 10-7 0987 = 10-°  &14 1,00
3 4,246 Bhe L 00304 2431 4178 1E7S 0615 D01BS 0788 = 100° 1001x=10°% 542 L0
35 5628 994.0 0.035%7 2419 4178 1880 0623 00192 0.720= 10-% 1.016 = 10" 483 1.0
40 7.384 992 00512 2407 41749 1885 0631 0019 0663 = 10-7  1.031 = 10-" 437 1.0
45 2,693 590.1 00655 2395 4180 1892 0637 00200 0596 =10 % 1046 = 10 % 380 1.0
50 12.35 GEE.1 0.0831 23B3 4181 1200 06844 00204 0847 = 103 1062 x 105 365 1.0
55 15.76 G8h.2 0.1045 23N 4183 1908 0649 00208 0504 = 10-% 1077 = 10-" 325 1.0
&0 19.94 GR33 003 2359 4185 1916 0654 00212 0467 = 10°% 1093 = 10°% 289 100
=341 25.03 980.4 0.1614 2394 4187 1326 0650 00216 0433« 102% 1.110= 105 275 1.0
70 31.19 977.5 01983 2334 4190 1336 0663 00221 0404 =100 1128 = 107 2685  1.00
7h 3E.5HE G747 02421 2321 41593 1048 D667 D022 0378:= 1077 1,142 x 105 238 100
=] 47.39 9718 02935 2309 4197 1862 0670 00230 0355 =10 % 1159 =105 222 1.00
&5 R7.B3 358.1 03535 2205 4201 1977 0673 00235 0333 =107 1176x10°% 208 1.00
] 0,14 3503 04235 22E3 4206 19493 06/ 00240 0315 =107 1193 = 10°%  1.896 100
95 84.55 3515  0.5045 2270 4212 2010 0677 00245 0297 = 107 1.210x 105 185 1.00
100 101.33 357.9 0.5978 2257 4217 2029 0679 00251 0282 =107 1227 = 107" 175 1.00
110 1432 9h0e 08263 2230 4724 2071 0682 00262 0.255= 1077 1.261 = 10°°" 158 1.00

2. External forced convection heat transfer formulations:

Flow in a tube

Average velocity R
Vavg = 7z . u(r)rdr
Mixed mean temperature R
Ty = —zf T u(r)rdr
VavgR* Jo
Hydrodynamic entrance length Lpiaminar = 0.05ReD
Thermal entrance length Lt 1aminar = 0.05RePrD

3. Natural convection:

Ts—Too)L3
Grashof number:  Gr;, = M
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Boiling and condensation:

Jnucleate = .ulhfg [

Gmax = Ccrhfg [09P5(P1 = py)]

Gmin = 0-09pvhfg

g(Pl - pv)]l/z [Cpl(Ts - Tsat)
o

CsphrgPT]"

1/4

1/4
ag(pr — p)]"

(py + py)?

Surface tension of liquid-vapor

interface for water

T,°C o, N/m*
0 0.0757
20 0.0727
40 0.0696
60 0.0662
80 0.0627
100 0.0589
120 0.0550
140 0.0509
160 0.0466
180 0.0422
200 0,0377
220 0.0331
240 0.0284
260 0.0237
280 0.0190
300 0.0144
320 0.0099
340 0.0056
360 0.0019
374 0.0

*Multiply by 0.06852 to convert to |bf/ft or by

2.2046 to convert to lbm/s2.
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Values of the coefficient C.; and n for various fluid-surface combinations

Fluid-Heating Surface Combination Cyt n
Water—copper (polished) 0.0130 1.0
Water—copper (scored) 0.0068 1.0
Water-stainless steel (mechanically polished) 0.0130 1.0
Water—stainless steel (ground and polished) 0.0060 1.0
Water-stainless steel (teflon pitted) 0.0058 1.0
Water-stainless steel (chemically etched) 0.0130 1.0
Water—brass 0.0060 1.0
Water—nickel 0.0060 1.0
Water—platinum 0.0130 1.0
n-Pentane—copper (polished) 0.0154 1.7
n-Pentane—chromium 0.0150 1.7
Benzene—chromium 0.1010 1.7
Ethyl alcohol—chromium 0.0027 1.7
Carbon tetrachloride—copper 0.0130 1.7
|Isopropanol-copper 0.0025 1.7

Values of the coefficient C_, for use in Eg. 10-3 for maximum heat flux

(dimensionless parameter L* = Llglp, — p,Jio]'¥)
Charac.
Dimension
Heater Geometry C., of Heater, L Range of L*

Large horizontal flat heater  10.149 Width or diameter L* =27
Small horizontal flat heater' 18.9K, Width or diameter 9= L[* <20

Large horizontal cylinder 0.12 Radius " =1.2
Small horizontal eylindsar 0.12f*-0.25 Radius 015 <t*<12
Large sphere 0.11 Radius [* = 4.26
Small sphere 0.227(* 0% Radius 015 < [* <426

1K, = allglp; = plA el
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