Advanced Heat Transfer   HW#2 2012/03/26
due on 2012/04/02
1. In Fig. 1, consider a thin electrical heater attached to a plate and backed by insulation. The outer surface is exposed to a fluid at the temperature, 
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 and having the convection heat transfer coefficient, h. Initially, the heater and plate are at the temperature, 
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. Suddenly, the power to the heater is activated, yield a constant heat flux 
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 (W/m2) at the inner surface of the plate. The temperature of the plate is assumed to be spacewise isothermal during the transient process. Please obtain an expression for the temperature of the plate as a function of time T(t) in terms of 
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, h, L, and the plate properties 
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Fig. 1

2. As shown in Fig. 2, consider a cylindrical shell of length L, inner radius r1, and outer radius r2 whose thermal conductivity varies linearly in a specified temperature range as follows:

[image: image9.wmf])

1

(

)

(

0

T

k

T

k

b

+

=


  where k0 and β are two specified constants. The inner surface of the shell is maintained at a constant temperature of T1, while the outer surface is maintained at T2. Assuming steady one-dimensional heat transfer, obtain a relation for 

(a) The temperature distribution T(r) in the shell.                     (15%)
(b) The heat transfer rate through the wall.                           (5%)
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Fig. 2
3 In Fig. 3, the composite wall of an oven consists of three materials, two of which are known thermal conditivity, kA= 20 W/m-K and kC= 50 W/m-K, and known thickness, LA= 0.3 m and LC= 0.15 m. The third material, B, which is sandwiched between materials A and C, is of known thickness, LB= 0.15 m, but unknown thermal conductivity kB. Under steady-state operating conditions, measurements reveal an outer surface temperature of Ts,o= 20 0C, an inner surface temperature of Ts,i= 600 0C, and an oven air temperature of 
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= 800 0C. The inside convection heat transfer coefficient h is known to be 25 W/m2-K. What is the value of kB? (10%)      



                              Fig. 3

4. A copper sphere of radius ri is used to store a low-temperature refrigerant and is at a temperature Ti that is less than that of the ambient air at T∞ around the sphere. The convective heat transfer coefficient of the ambient air is equal to h. Please derive the critical insulation radius of an insulated sphere.                     (10%)

5. The cylindrical system illustrated in Fig. 4 has negligible variation of temperature in the r and z directions. Assume that 
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 is small compared to 
[image: image13.wmf]i

r

 and denote the length in the z direction normal to the page, as L.

   (a) Beginning with a properly defined control volume and considering energy generation and storage effects, derive the differential equation that prescribes the variation in temperature with the angular coordinate 
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   (b) For the steady-state conditions with no internal heat generation and with constant properties, determine the temperature distribution 
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 in terms of the constants T1, T2, ri and ro.                                 (10%)

   (c) For the conditions of part (b), write the expression for the heat transfer rate 
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Fig. 4

6. In a manufacturing process, a transparent film is being bonded to a substrate as shown in Fig. 5. To cure the bond at a temperature T0, a radiant source is used to provide a heat flux 
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 (W/m2), all of which is absorbed at the bonded surface. The back of the substrate is maintained at T1 while the free surface of the film is exposed to air at 
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 and a convection heat transfer coefficient h.          

  (a) Show the thermal circuit representing the steady-state heat transfer situation. (5%)

  (b) Assume the following conditions: 
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= 20 0C, h= 50 W/m2-K, and T1= 30 0C. Calculate the heat flux 
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 that is required to maintain the bonded surface at T0= 60 0C.                                                  (10%)
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                                   Fig. 5
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