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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. As shown in Fig. 1, a thin plate of length L, thickness, t, and width W>>L is thermally joined to two large heat thinks that are maintained at a temperature T0. The bottom of the plate is well insulated, while the net heat flux to the top surface of the plate is known to have a uniform value of 
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  (a) Derive the differential equation that determines the steady-state temperature T(x) in the plate.                                                             (15%)

  (b) Solve the foregoing equation for the temperature distribution, and obtain an expression for the rate of heat transfer from the plate to the heat sinks.                  (10%)
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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 the function of time only 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: image6.wmf]"

0

q

, 
[image: image7.wmf]i

T

, 
[image: image8.wmf]¥

T

, h, L, and the plate properties 
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(density) and c(specific heat).                                                   (25%)
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Fig. 2

3. As shown in Fig. 3, a flat plate of width 1 m is maintained at a uniform surface temperature of Ts=150 0C by using independently controlled, heat-generating rectangular modules of thickness a=10 mm and length b=50 mm. Each module is insulated from its neighbors, as well as on its back side. Atmospheric air at 25 0C flows over the plate at a velocity of 30 m/s. The thermophysical properties of the module are k=5.2 W/m-K, cp=320 J/kg-K, and ρ=2300 kg/m3.

(1) Find the required power generation (W/m3), in a module positioned at a distance 700 mm  from the leading edge.                                   


(15%)

(2) Find the maximum temperature Tmax in the heat-generating module. 


(10%)

Note: Air (360 K, 1 atm): k = 0.0308 W/m-K, ν= 22.02x10-6 m2/s, Pr=0.698.
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Fig. 3

There are【4】 pages. This is page 2.
4. The vertical rear window of an automobile, as shown in Fig. 4, is of thickness L= 8 mm and height H=0.5 m and contains fine-meshed heating wires that can induce nearly uniform volumetric heating, 
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 (W/m3). Consider steady-state conditions for which the interior surface of the window is exposed to quiescent air at 10 0C, while the exterior surface is exposed to air at –10 0C moving in parallel flow over the surface with a velocity of 20 m/s. Determine the volumetric heating rate needed to maintain the interior window surface at Ts,i= 15 0C.                                                           (25%)

Note: Glass (300 K): k = 1.4 W/m-K; Air (12.5°C, 1 atm):  ν =14.6 × 10-6 m2/s, k = 0.0251 W/m-K, α = 20.59 × 10-6 m2/s, β = (1/285.5) = 3.503 × 10-3 K-1, Pr = 0.711; Air (0°C): ν = 13.49 × 10-6 m2/s, k = 0.0241 W/m-K, Pr = 0.714.
[image: image19.jpg]f—— L ——

Fex

Heat
sink

Heat
sink

a;
\AAAANE

t





                                Fig. 4

5. The 30-cm-diameter hemisphere in Fig.5 is maintained at a constant temperature of 500 0C and insulated on its back side. The surface emissivity is 0.4. The opening exchanges radiant energy with a large enclosure at 30 0C. Calculate the net radiant exchange.         (25%)
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Fig. 5

Correlations of average Nusselt number:

(1) Forced convection over a flat plate: 

(i) Laminar flow:
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(ii) Turbulent flow:
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(iii) For the combined laminar and turbulent conditions:
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Rex,c=5x105
(2) Natural convection along a vertical plate over the entire range of RaL:
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