能源工程概論 Example 2
1. As shown in Fig. 1, ice of mass M at the fusion temperature (Tf = 0 ℃) is enclosed in a cubical cavity of width W on a side. The cavity wall is of thickness L and thermal conductivity k. If the outer surface of the wall is at a temperature T1>Tf, obtain an expression for the time required to completely melt the ice.
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            Fig. 1
圖二

2. 如圖二所示，一烤爐的複合牆係由三種材料所組成，其中兩種熱傳導率已知，kB=1.53 W/m．K，kC=50 W/m．K，厚度LA=0.3 m，LB= LC=0.15 m，但kA未知。在穩態情況下，外表面溫度Ts,o=20 0C，內表面溫度Ts,i=600 0C且烤爐內的空氣溫度T∞= 800 0C，已知內部對流熱傳係數h= 25 W/m2．K。請問kA=?                   
3. As shown in Fig. 3, the coating on a plate is cured by exposure to an infrared lamp providing a uniform irradiation of 2000 W/m2. It absorbs 80% of the irradiation and has an emissivity of 0.50. It is also exposed to an air flow and large surroundings for which temperatures are 20 0C and 30 0C, respectively. If the convection coefficient between the plate and the ambient air is 15 W/m2．K, what is the cure temperature of the plate?
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Fig. 3
4. As shown in Fig. 4, a long conducting rod of diameter D and electrical resistance per unit length 
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 is initiall in thermal equilibrium with ambient air and its surroundings. This equilibrium is disturbed when an electrical current I is passed through the rod. Develop an equation that could be used to compute the variation of the rod temperature with the time during passage of the current.
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Fig. 4

5. 如圖五所示，一直徑2 mm，長10 m的電線(electrical wire)，其表面包覆一層1 mm厚的塑膠(其熱傳導率k=0.15 W/m．K)隔熱層(insulation)，現將電線以10 A及電壓降8V的電流通過，如果隔熱層的外圍暴露於周遭溫度30 0C及對流熱傳係數h= 18 W/m2．K的空氣。

(1)請問在穩態情況下，電線與塑膠隔熱層相接的介面溫度為多少？   

(2)若將塑膠隔熱層的厚度加倍(厚度變成2 mm)，則熱量損失速率會增加或減少？                                                       
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