Mid-term Exam-1 (2011/04/12)
Advanced Heat Transfer
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 
[image: image4.wmf]"

0

q

, 
[image: image5.wmf]i

T

, 
[image: image6.wmf]¥

T

, h, L, and the plate properties 
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Fig. 1

2. As shown in Fig. 2, consider conditions for which a liquid metal is solidifying in a thick-walled mold of thermal conductivity kw and thermal diffusivity (w. The density and latent heat of fusion of the metal are designated as ρ and hsf, respectively, and in both its molten and solid states, the thermal conductivity of the metal is very much larger than that of the mold. Just before the start of solidification (S=0), the mold wall is everywhere at an initial uniform temperature Ti. The molten and solid metals are everywhere at their fusion (melting point) temperature of Tf (>Ti). You may assume that the mold wall is a semi-infinite solid. Following the start of solidification, there is conduction heat transfer into the mold wall and the thickness of the solidified metal, S, increases with time t.

  (a) Sketch the one-dimensional temperature distribution, T(x), in the mold wall and the metal at t= 0 and three subsequent times during the solidification.     (5%)
  (b) Obtain a relation for the variation of the solid layer thickness S with time t, expressing your result in terms of appropriate parameters of the system.  (15%)
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Fig. 2
3. As shown in Fig. 3, 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:
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  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. 3
4. Consider the process of transient, one-dimensional heat conduction in a semi-infinite solid having a constant thermal diffusivity, (. If a constant heat flux 
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 is imposed on the surface of the solid. Assume that the initial temperature is Ti and 
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   (a) Explain the transient temperature of the solid is 
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   (b) Please find the similarity equation in terms of f and 
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      Note: Please write down the appropriate boundary conditions. 
5. A semi-infinite solid is subjected to a periodic heat flux at its surface. The differential equation is given by
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The boundary condition at x=0 is that 
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  while, as x becomes infinite, T approaches Ti. 
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  (a) Does this problem exist a similarity solution? Explain why?            (5%)

(b) Please determine the temperature profile.
        (15%)
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