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1. Is heat transfer a scalar or vector quantity? Explain. Answer the same question for temperature.
2. What does the thermal resistance of a medium represent?
3. What is thermal contact resistance? How is it related to thermal contact conductance?
4.  Will the thermal contact resistance be greater for smooth or rough plain surfaces?
5. Is the thermal conductivity of a medium, in general, constant or does it varies with temperature?
6. Consider a 0.8-m-high and 1.5-m-wide double-pane window consisting of two 4-mm-thick layers of glass ([image: image2.png]k=0.78W/m.°C



) separated by a 10-mm-wide stagnant air space ([image: image4.png]k = 0.026 W/m.°C



). Determine the steady rate of heat transfer through this double-pane window and the temperature of its inner surface for a day during which the room is maintained at [image: image6.png]


 while the temperature of the outdoors is[image: image8.png]


. Take the convection heat transfer coefficients on the inner and outer surfaces of the window to be [image: image10.png]


 and[image: image12.png]40 W/m?.°C




, which includes the effects of radiation.
7. A composite wall of height H and unit length normal to the page is insulated at its ends and is comprised of four different materials, arranged as shown in the diagram. 

              [image: image13.png]Tos Tz





a) Sketch the thermal circuit of the system.

b) Consider a wall for which
[image: image15.png]


. [image: image17.png]


, and[image: image19.png]1 W/m°C



, under conditions for which[image: image21.png]


,[image: image23.png]50 W/m”°C, T,




, and [image: image25.png]


. What is the rate of heat transfer through the wall? What are the interface temperatures, [image: image27.png]


 and[image: image29.png]


?
8. Consider a composite wall that includes a [image: image31.png]


 thick hardwood siding[image: image33.png](Kgiding = 0.094 W/m °C)



, 40 mm by 130 mm hardwood studs ([image: image35.png]


) on 0.65 m centers with glass fiber insulation ([image: image37.png]0.038 W/m°C



), and a [image: image39.png]12 mm



 layer of gypsum (vermiculate) wall board ([image: image41.png]Kgyp = 0.17 W/m°C)

‘gyp



. What is the thermal resistance associated with a wall that is [image: image43.png]2.5m



 high by [image: image45.png]6.5m



 wide (having [image: image47.png]10



 studs, each [image: image49.png]2.5m



 high)?
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9. The roof of a house consists of a 3–cm-thick concrete slab ([image: image52.png]k=2W/m.°C



) that is 15 m wide and 20 m long. The convection heat transfer coefficients on the inner and outer surfaces of the roof are 5 and 12[image: image54.png]W/m?.°C



, respectively. On a clear winter night, the night sky temperature is 250 K. The house and the interior surfaces of the wall are maintained at a constant temperature of 20[image: image56.png]


 while inner surface temperature of the roof is 7.3[image: image58.png]


. The emissivity of both surfaces of the concrete roof is 0.9. Considering both radiation and convection heat transfers, determine the rate of heat transfer through the roof, the outer surface temperature of the roof, and the ambient air temperature. If the house is heated by a furnace burning natural gas with an efficiency of 80[image: image60.png]


, and the price of natural gas is [image: image62.png]$0.60/therm



 ([image: image64.png]1 therm

05,500 k]



 of energy content), determine the money lost through the roof that night during a 14-h period.
10. Two stainless steel[image: image66.png](kg = 16.6 W/m°C)



 plates [image: image68.png]10 mm



 thick are subjected to a contact pressure of [image: image70.png]1 bar



 [image: image72.png](R, = 0.0015 m”.°C/W)



 under vacuum conditions for which there is an overall temperature drop of[image: image74.png]100°C



 across the plates. What is the heat flux through the plates? What is the temperature drop across the contact plane?

11. A composite wall separates combustion gases at [image: image76.png]2600°C



 from a liquid coolant at[image: image78.png]100°C



, with gas and liquid side convection coefficients of[image: image80.png]50 and 1000 W/m?.°C



, respectively. The wall is comprised of a [image: image82.png]10 mm



 thick layer of beryllium oxide [image: image84.png](k = 272 W/m °C)



on the gas side and a [image: image86.png]20 mm



 thick slab of stainless steel ([image: image88.png]AISI 304



) [image: image90.png](k = 15 W/m °C)



 on the liquid side.  The contact resistance between the oxide and the steel is[image: image92.png]0.05 m?*. °C/W



. What is the heat loss per unit surface area of the composite? Sketch the temperature distribution from the gas to the liquid.
12. Steam at [image: image94.png]320°C



 flows in a stainless steel pipe ([image: image96.png]k=15 W/m °C



) whose inner and outer diameters are 5 cm and 5.5 cm, respectively. The pipe is covered with 3-cm-thick glass wool insulation ([image: image98.png]k = 0.038 W/m °C



). Heat is lost to the surroundings at 5°C by natural convection and radiation, with a combined natural convection and radiation heat transfer coefficient of[image: image100.png]15 W/m? °C



. Taking the heat transfer coefficient inside the pipe to be[image: image102.png]80 W/m? °C



, determine the rate of heat loss from the steam per unit length of the pipe. Also determine the temperature drops across the pipe shell and the insulation.
13. A 5-m-internal-diameter spherical tank made of 1.5-cm-thick stainless steel ([image: image104.png]k=15 W/m °C



) is used to store iced water at 0°C. The tank is located in a room whose temperature is 30°C. The convection heat transfer coefficients at the inner and the outer surfaces of the tank are[image: image106.png]80 W/m? °C



 and[image: image108.png]10 W/m? °C



, respectively. Determine (a) the rate of heat transfer to the iced water in the tank and (b) the amount of ice at 0°C that melts during a 24-h period. The heat of fusion of water at atmospheric pressure is[image: image110.png]h, = 333.7 k] /kg



.
14. A Bakelite coating ([image: image112.png]k=14W/m.°C



) is used to be used with a [image: image114.png]10 mm



 diameter conducting rod, whose surface is maintained at [image: image116.png]200°C



 by passage of an electrical current. The rod is in a fluid at [image: image118.png]25°C



 and the convection coefficient is[image: image120.png]140 W/m?.°C



. What is the critical radius associated with the coating? What is the heat transfer per unit length for the bar rod and for the rod with a coating of Bakelite corresponds to the critical radius? How much Bakelite should be added to reduce the heat transfer associated with the bare rode by[image: image122.png]25%



?
15. A5-mm-diameter spherical ball at 50°C is covered by a 1-mm-thick plastic insulation ([image: image124.png]k =0.13 W/m.°C



). The ball is exposed to a medium at 15°C, with a combined convection and radiation heat transfer coefficient of[image: image126.png]20 W/m?.°C



. Determine if the plastic insulation on the ball will help or hurt heat transfer from the ball.
16. Consider a 1.5-m-high and 0.6-m-wide plate whose thickness is 0.15 m. One side of the plate is maintained at a constant temperature of [image: image128.png]227°C



 while the other side is maintained at[image: image130.png]77°C



. The thermal conductivity of the plate can be assumed to vary linearly in that temperature range as [image: image132.png]k(T) = ko (1 + BT)



 where [image: image134.png]ko = 25 W/m.K



 and _ _ [image: image136.png]B=
8.7x10™*
K?



. Disregarding the edge effects and assuming steady one dimensional heat transfer, determine the rate of heat conduction through the plate.
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