四能三 Heat Transfer Mid-term 1 (102.10.23)
1. In Fig. 1, radioactive wastes are packed in a long, thin-walled spherical container. The wastes generate thermal energy nonuniformly according to the relation 
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 is the local rate of energy generation per unit volume,  
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 is the radius of the container. Steady-state conditions are maintained by submerging the container in a liquid that is at 
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 of the container wall using principle of energy conservation.            (20%)
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               Fig. 1                           Fig. 2
2. A 2-mm-diameter and 10-m-long electric wire is tightly wrapped with a 1-mm-thick plastic cover whose thermal conductivity is k=0.15 W/m-oC, as shown in Fig. 2. Electrical measurements indicate that a current of 10A passes through the wire and there is a voltage drop 8V along the wire. If the insulated wire is exposed to a medium at T(= 30 oC with a heat transfer coefficient of h= 24 W/m2-oC, determine the temperature at the interface of the wire and the plastic cover in steady operation. Also determine if doubling the thickness of the plastic cover will increase or decrease the rate of heat loss.                    (15%)
3. In Fig. 3, radioactive wastes are packed in a long, thin-walled cylindrical container. The wastes generate thermal energy nonuniformly according to the relation 
[image: image9.wmf](

)

[

]

2

0

0

/

1

r

r

q

q

-

=

&

&

, where 
[image: image10.wmf]q

&

 is the local rate of energy generation per unit volume,  
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 is the radius of the container. Steady-state conditions are maintained by submerging the container in a liquid that is at 
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 and provides a uniform convection coefficient h. The thermal conductivity of the container is k. Determine the temperature distribution T(r) using the heat conduction equation. Express your result in terms of 
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                                 Fig. 3

4. The thermal conductivity of a plane wall varies with temperature according to the relation
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     k0 and β are constant.
  The surfaces at x= 0 and x= L are maintained at uniform temperatures T1 and T2, respectively. Find the relation for the heat flux through the slab.          (15%)

5. As shown in Fig. 4, the evaporator section of a refrigeration unit consists of thin-walled, 10-mm-diameter tubes through which refrigerant passes at a temperature of －18oC. Air is cooled as it flows over the tubes, maintaining a surface convection of 100 W/m2˙K, and is subsequent routed to the refrigerant compartment.
(a) For the foregoing conditions and an air temperature of －3oC, what is the rate at which is extracted from the air per unit tube length?               (4%)
(b) If the refrigerator’s defrost unit malfunctions, frost will slowly accumulate on the outer tube surface. Assume that the thickness of the frost layer is 2 mm after a period of time. The thermal conductivity of the frost layer is 0.4 W/m˙K. At this situation, what is the rate at which is extracted from the air per unit tube length?                                                 (6%)
(c) The refrigerator is disconnected after the defrost unit malfunctions and a 2-mm-thick layer of frost has formed. If the tubes are in ambient air for T(= 20 oC and natural convection maintains a convection coefficient of 2 W/m2˙K, how long will it take for the frost to melt? The frost may be assumed to have a mass density of 700 kg/m3 and a latent heat of fusion of 334 kJ/kg. (10%)
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Fig. 4

6. In Fig. 5, the composite wall of an oven consists of three materials, two of which are known thermal conductivity, kA= 20 W/m-K and kB= 1.53 W/m-K, and known thickness, LA= 0.3 m and LB= 0.15 m. The third material, C, is of known thickness, LC= 0.15 m, but unknown thermal conductivity kC. Under steady-state operating conditions, measurements reveal an outer surface temperature of Ts,o= 20 oC, an inner surface temperature of Ts,i= 600 oC, and an oven air temperature of 
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= 800 oC. The inside convection heat transfer coefficient h is known to be 25 W/m2-K. What is the value of kC?                                         (10%)
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