Advanced Heat Transfer HW#3 Due on 04/10/2013
1. When two semi-infinite solids, shown in Fig. 1, initially at uniform temperatures TA,i and TB,i, are placed in contact at their free surfaces. If the contact resistance is negligible, the requirement of thermal equilibrium dictates that, at the instant of contact (t=0), both surfaces must assume the same temperature Ts, for which TB,i <Ts< TA,i. Ts does not change with increasing time.
  (a) Write down the boundary conditions at the contact surface of both solids. (5%)
  (b) Find the temperature of the contact surface, Ts.                     (15%)
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                     Fig. 1
2. In Fig. 2, 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. 2
3. (a) 請解釋比爾特數(Biot number)的物理意義。





(3%)

  (b) 請說明使用總容量法(Lumped capacitance method)的限制。


(3%)

  (c) 如圖三所示，一溫度熱電藕(thermocouple)起始溫度為15 oC，現將它置放於85 oC的液體中，液體的對流熱傳係數為50 W/m2-oC。請問溫度熱電藕的溫度隨時間變化的關係式為何?溫度熱電藕可視為直徑等於0.25 mm的金屬球體，其熱傳導係數(thermal conductivity)= 23 W/m-oC，密度(density)= 8920 kg/m3，比熱(specific heat)= 384 J/kg-oC。                   (14%)
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圖三

4. 如圖四所示一電晶體的熱傳遞可藉其塞入一外表面具12片直條狀散熱片的鉛套管(k= 200 W/m·K)中而強化，電晶體的半徑及高度分別為
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= 2.5 mm及H= 4 mm而散熱片長度L=
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= 8 mm，均勻厚度t= 0.8 mm。套管基部的厚度為
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= 1 mm且散熱片與套管間的接觸熱阻抗
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=20oC的空氣流過散熱片表面，而對流熱傳係數h=30 W/m2·K。假設此問題為一維穩態徑向熱傳遞:(1)試畫出由電晶體外殼(r=
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)至大氣間熱傳的等效熱迴路並標示每個阻抗(2%)。(2)試求出熱迴路中每一個阻抗值(6%)。(3)假設電晶體外殼的溫度
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=80oC，套管的熱傳率為多少?(12%)。
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圖四

5. 一圓柱長桿如圖五所示，其直徑為D=25mm，熱傳導係數為k= 60W/m-oC，其底部連接到一熱火爐牆(hot furnace wall)，牆的溫度維持定溫為
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= 200oC，並且一部份被隔熱(insulation)材包著，此部份為絕熱，其長度為Lins= 200mm，其餘部份長度為Lo= 200mm暴露於溫度為
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=25oC，對流熱傳係數h= 15W/m2·K的空氣中，且其最前端(tip)為絕熱。假設
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為圓柱長桿被隔熱材包圍的絕熱部份最前端之溫度，請根據給予的條件，試求出
[image: image22.wmf]o

T

=? 

                                                                (20%)
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圖五
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