
1. (a)Derive the three dimensional heat diffusion equation in Cartesian coordinates 

(14%), and @)describe the three kinds of boundary conditions generally 

encountered in heat transfer problems. (6 %) 

2. Consider a long cylinder with radius Ri and uniform volumetric heat generation 

rate g. The cylinder is surrounded by a cladding with outside radius F& and is 

cooled by a coolant at temperature Tf and heat transfer coefficient h. Determine 
the steady state temperature distribution in the cylinder and the maximum 

temper7"ttue. Assume perfect contact between the cylinder and cladding. Also 

denote thermal physical properties needed as appropriate. (20%) 

3. Consider a slab with thickness of L initially at uniform temperature Ti. For t > 
0, the surface at x = L is subjected to a coolant at To and heat transfer coefficient 

h, while the surface at x = 0 is kept insulated. Determine the temperature 

distribution in the slab as a function of time. Denote thermal physical 

properties needed as appropriate.(20%) 

4. Consider two-dimensional, steady-state heat conduction in a square cross section 

with prescribed boundary conditions as shown, using a finite difference method 

based on the conservation of energy to determine the temperatures at nodes 1,2, 

3, and 4.(20%) 

Adiabatic 



5 .  Waste heat of exhaust hot' air from a manufacturing process may be recovered by 

passing water through a thin-walled tube of 1 crn diameter. Assume the 

temperature of the hot air is 77'C in cross flow with a velocity'of 10 mls over 

the tube. The inlet and outlet temperatures o f  water are 25°C and 55'C, 

respectively, and the flow rate is 0.1 kgls. Please determine the length of the 
tube required. (20 %) 

Hint: (1) For internal conyection: Nu , =4.36, if the flow is laminar; 

Nu, =0.023Re ~r 0'4 if the flow is turbulent. (2). For external air flow, you may 

use the Churchill and Bernstein correlation 

(3) Look up the table attached for the properties. 

Thermophysical Properties of Saturated Water 

Specific Heat of' Specific Thermal 
Volume Vapor- Heat V i i d ~  Conductivity Prandtl 

Tempera- (m3fltg) ization, (kJ/kg - K) ( N . d )  ( W h  . K) Number 
ture, T Pressure, 

1 (K) P of - l@ V, cpJ ep, pj - lb &.  lo6 4 .  I@ k, - I@ prf Pr, 

Thermophysical Properties 
of Gases at Atmospheric Pressure 

T P cp p .  10' v .  lo6 k - 10) a)- lo6 
(K) .(kg/mq ( k J k g .  K) (N . dmZ) (m2/s) (W/m - K) (m2/s) A. 

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 .OM 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 


