能源與冷凍空調工程研究所
博士班資格考試
熱傳學（能源/冷凍組）試題
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	Attentions：
1. There are 【5】 problems on this exam, of which you are instructed to work only 

   【4】. If you work all 【5】 problems, only the first 【4】 will be graded. 

Each problem gets 【25】 points.
2. Please answer the problems by order. Don’t need to copy the problems on the answer sheet. Write all your answers on the answer sheet.
3. Do not write your name on the answer sheet.
4. (   )open book    ( ˇ )close book


1. Write down the definitions of Nusselt and Biot number. Explain what’s different between them. 
2. Write down the definition of the number of heat exchanger units, NTU, and explain the expression can be used to indicate what’s ratio of working parameters in heat exchanger.
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3. An insulated room has ventilation air mass flow of m’ can be shown as the following. One air conditioner is installed inside and heat flux of q’ (t) is extracted from the room. The temperature inside the room is T(t) and outside is the constant temperature, T∞. Derive the governing equation to determine the relations of q’(t) and T(t) based on following assumptions of air mass in the room equals to m and air specific heat capacity can be expressed by Cv or Cp under the different status.
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4. A CPU cooler and its thermal resistance analysis results are shown in the above figure. 
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The following table shows the detailed information of each devices used in the cooling system.
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According to the table, indicate what’s the major concern to meet the required heat dissipation?
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5. After fully development, the temperature distribution inside a tube can be expressed by the following equation. 
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Where ρis the density of fluids, Cp is the specific heat capacity in constant pressure, u is the flow velocity, T is the temperature of fluids, k is the heat conduction coefficient of fluids, x and r denotes the coordinate axes shown in the following figure.
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Note

Air Forced 120x120x32 mm DC Fan Local Heat Spreacing
Cooling over 0.89inch Wg 100% Spreading
Heat Sink fins 359CFM NuU=58.1368
Heat Sink 120x120x40mm Aluminum Heat Sink [ n=1

60 pieces plate fin n=0.1
Contact Phase Change Material Heat Spreader

Pure Copper Heat Spreader

Poor Contact
Packaging 63x59x9mm FC-PBGA Packaging Lidded Type
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Assuming the flow is laminar, estimate Nusselt number of this duct flow.
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