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1. (a) Briefly explain the following heat transfer phenomena, media, corresponding 

laws and applicable equations: (i) heat conduction (3%). (ii) heat convection (3%) 

and (iii) thermal radiation (4%) (also define each parameter including units). 

(b) Express the relations, define each term (including units) and illustrate the 

physical meanings for the following dimensionless parameters: (i) Nusselt number 

(Nu) (4%), (ii) Grashofnumber (Gr) (3%) and (iii) Pellet number (Pe) (3%). 

2. Derive the "Heat Diffusion Equation" in a rectangular coordinate from energy 

balance of an infinite small control volume (considering 3-D, transient with heat 

generation and storage terms) (10%). 

3. A long plane wall is a composite of three materials: A, B and C. The wall material 

A has no generation with kA=lO W/m·K and thickness LA=20mm. The wall of 

material B has uniform heat generation q=3xl06 W/m3
, kB=ll0W/m·K and 

thickness LB=60mm. The material Chas no generation with kc=220 W/m·K and 

thickness Lc=30mm. The left surface of material A is well insulated, while the 

right surface of material C is cooled by a water stream with Too= 20°C and havg = 

1000 W/m2·K. Assume 1-D, no thermal radiation, and steady state conditions. (a) 

Determine the temperatures T1 (4%), T2 (4%) and T_,. {4%) and T4 (4%). (b) 

Sketch the temperature distribution of this composite wall and outside fluid along 
q=3xI06 W/m3 

the x-axis. {6%) kn=llO W-/m·K 
T2 T3 

M Water (Convection) 
11 Too=20°C 
i i h= 1000 W/m2·K 

4. (a) The log mean temperature difference (LMTD) method is commonly used in 

heat exchanger analysis. Please express the log mean temperature difference (!iTzm) 

for "counter-flow" and "parallel-flow" heat exchangers, respectively, and indicate 

which !1Tzm could be larger if both heat exchangers have the same hot-/cold-side 

inlet/outlet temperatures? (5%) (You can assume the parameters if needed.) 
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(b) A counter-flow concentric-tube heat exchanger is used to cool the lubrication 

oil of an industrial engine. The cooling water is flowing through the inner circular 

tube with a diameter of 25mm (Di); while the oil is flowing through the outer 

annulus with an outer diameter of 50mm (D0 ). Detailed fluid/flow parameters 

have been listed in the following table. The averaged inlet temperatures of oil and 

water are 95°c and 30°C, respectively. If the required outlet temperature of oil is 

55°C, please determine the following parameters: (i) outlet temperature of water 

flow (3%), (ii) the log mean temperature difference (4%), (iii) overall heat 

transfer coefficient (4%), (iv) the length of this heat exchanger (4%) and (v) the 

effectiveness of this heat exchanger (4%)? (Assume no heat loss from this heat 

exchanger, and the wall thickness can be ignored.) 

Parameters Oil Water Parameters Oil Water 
Heat capacity, Cp(J/kg·K) 2131 4178 Thermal conductivity, k (W Im· K) 0.138 0.625 
Mass flow rate, m (kg/s) 0.2 0.4 Dynamic viscosity,µ (N·slm") 3.25x10-~ 725 xl0-0 

Inlet temperature, Tin (°C) 95 30 Prandtl number, Pr (-) 501 4.85 
Outlet temperature, Tout (

0C) 55 ? - - -

Oil • • Oil r:--~ ..... ~~~~----1 
Water~ -~Water 

• • 

5. A horizontal thin-walled circular tube with a diameter of 6 mm and length of 20 m 

is used to carry exhaust gas from a smoke oven to a process chamber. The exhaust 

gas enters the tube at 200°C with a mass flow rate of 0.003 kg/s. Mild winds at a 

temperature of 15 °C blow directly across the tube at a velocity of 5 mis. (Assume: 

exhaust gas properties are those of air, steady state, ignore thermal radiation) 

(a) ,Estimate the average heat transfer coefficient for the exhaust gas flowing 

inside the tube. (5%) 

(b) Estimate the heat transfer coefficient for the outside air flowing across the 

tube. {5%) 

(c) Estimate the overall heat transfer coefficient (U) and the temperature of the 

exhaust gas when it reaches the process chamber. (6%) *:f Ji ®?tiM. el* 
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(d) If the wind velocity is about zero (assume natural convection), estimate the 

overall heat transfer coefficient (U) and the exhaust gas temperature when it 

reaches the process chamber. {8%) 

Appendix: Some useful equations and tables for the problems. 

TABLE 1 Nusselt number for fully developed laminar 
flow in a circular tube annulus with one surface insulated 
aml the other at constant temperature 

c ¥* : e *' 17 ,44~--'f" ,5f &· - mt =a t-ff9 t1mmasrenre'.ffl'wii1±&±& * : 

D,tD
0 

Nu; Nu0 Comments 

0 3.66 See Equation 8.55 

0.05 17.46 4.06 

0.10 11.56 4.11 

0.25 7.37 4.23 

0.50 5.74 4.43 

... 1.00 4.86 4.86 See Table 8.1. bla- cc 

Adapted from Lundberg, R.E., W.C. Reynolds. and W.M. Kays. Heat Transfer with Laminar Flow in 
Concentric Annuli with Constant and Variable \Vall Temperamre and Heat Flitt, NASA TN D-1972, 1963. 

Correlation for non-circular [~ .·Jin 
Cyl• d . -fl · fN110 5.-:--:'.' m er m a cross ow. , .... . k ..... . r,, ,, ... " ... , . , , . ~:· . .,:.;, ,,· 

Correlation for circular 
cylinder in a cross-flow: 

[
0.7 :5 Pr:5 500] 
1 :5 ReD :5 106 

(a2) 

if Pr;::= 10, 11 = 0.36 

Pr$ 10, 11 = 0.37; 

TABI.E 2 Constants of Equation (al) for noncircular 
cylinders in cross flow of a gas (13] 

Geometry Re» C m 

TABLE 3 Constants of 
Equation (a2) for the circular 
cylinder in cross flow [I 7] 

Square 

(:) T v- D 
.t 

v- El . Iv 
Hexagon 

~ T . 
v- D 

. J. 

v-v/i) T 
D '~;,~rx,: J:. 

Vertical plate 

D 
T v- D 
.t 

5 X 103-105 0.246 

5 X 103-105 0.102 

5 X 101-1.95 X 104 0.160 
1.95 X 104-105 0.0385 

5 X 103-105 0.153 

0.228 

0.588 

0.675 

0.638 
0.782 

0.638 

0.731 

1-40 
40-1000 

10-1-2 X 105 

2 X IOS-!06 

C 

0.75 
0.51 
0.26 
0.076 

m 

0.4 
0.5 
0.6 
0.7 
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Dittus-Boelter equation ,· . •, .. ·: .... · , .. · ·4,15 

for turbulent flow in circular pipes: .l:1"D 
0-~~~l?.~L>/1 

n = 0.4 for heating (1'.r > T,,,) and 0.3 for cooling (Ts < T ,,,). 

Inner flaw 
For Natural Convection: ,H; 

Churchill and.Chu's correlation for vertical plate: 
· · · •· · .··{. • ·. ·· · •··•.·• · ' 0 387.l?a116 

.• · ·. ·.}2 

:f11~¥:: .°··8~
5 + [l+ (q~49i/P,~91rnjmr \:J 

4, ,,.- ~«•.,J, l ~, }',,'...,, ••••'-\;•1"1.>,•,<~,\-..~,,-C,,_,_,,, .• ,,,,,~-.-•<,{,C,.,,r''• 

Churchill and Chu's correlation for long horizontal cylinder: ,, ' . ' ' . . ., ' . . ... ··, .. 

:- { · · · O 387 Ra116• . 12 · · . . . , ' 

: Nun_= O .. ~O + (r,:f (~-~59/f1:f 9/~:]~/~IJ..- ~----J~~~~,1012, 
Upper Surface of Hot Plate or Lower Surface of Cold Plate: 

:·ivii"''.;:o;.54~~¾f': ··.(io:I:Ra/~}i.~:; 
NuL -0.l§f?L,:•,.·'"· (l~D,T' ljc11;$· .. JR·) 

Lower Surface of Hot Plate or Upper Surface of Cold Plate: 

iv~~ · ci.21 R~f4 (105
;; RaL i 101

~ 

TABLE 4 Thermophysical Properties 
of Gases at Atmospheric Pressurea 

l" ;;; &- 5 -? t i "ti " fr t# #i M· ¥ 2f1t& ¥& £& bii ; 1 W &F Bi - i -i Bk i • 
T p Cp µ- 107 v• 106 k· 103 

(I() (kg/m3) (kJ/kg • I<) (N • s/m~ (m2/s) (\Wm· K) 
a• 106 

(m2/s) Pr 

Air 
100 3.5562 1.032 71.1 2.00 9.34 2.54 0.786 
150 2.3364 1.012 103.4 4.426 13.8 5.84 0.758 
200 1.7458 1.007 132.5 7.590 18.1 10.3 0.737 
250 1.3947 1.006 159.6 11.44 22.3 15.9 0.720 
300 1.1614 1.007 184.6 15.89 26.3 22.5 0.707 

350 0.9950 
\ 400 0.8711 

l.009 208.2 20.92 30.0 
1.014 230.1 26.41 33.8 

29.9 0.700 
38.3 0.690 

450 0.7740 1.021 250.7 32.39 37.3 47.2 0.686 
500 0.6964 1.030 270.1 38,79 40.7 56.7 0.684 
550 0,6329 1.040 288.4 45.57 43.9 66.7 0.683 

600 0.5804 1.051 305.8 52.69 46.9 76.9 0.685 
650 0.5356 1.063 322.5 60.21 49.7 87.3 0.690 
700 0.4975 1.075 338,8 68.10 52.4 98.0 0.695 
750 0.4643 1.087 354.6 76.37 54.9 109 0.702 
800 0.4354 1.099 369,8 84.93 57.3 120 0.709 


