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1. Define: Heat energy, Heat transfer and show how does the science of heat transfer differ from the science of thermodynamics?
2. What are the mechanisms (modes) of heat transfer? How are they distinguished from each other?

3. Write down the expressions for the physical laws that govern each mode of heat transfer, and identify the variables involved in each relation.

4. What is the physical mechanism of heat conduction in a solid, a liquid, and a gas?
5. Consider heat transfer through a windowless wall of a house in a winter day. Discuss the parameters that affect the rate of heat conduction through the wall.

6. Define thermal conductivity and explain its significance in heat transfer.

7. Judging from its unit[image: image2.png]W/m.°C



, can we define thermal conductivity of a material as the rate of heat transfer through the material per unit thickness per unit temperature difference? Explain.

8. What are the mechanisms (modes) of convection heat transfer? How are they distinguished from each other?

9. What is a blackbody? How do real bodies differ from blackbodies?

10. Define emissivity and absorptivity. What is Kirchhoff’s law of radiation?

11. The inner and outer surfaces of a [image: image4.png]5mx6m



 brick wall of thickness 30 cm and thermal conductivity [image: image6.png]0.69W/m.°C



 are maintained at temperatures of [image: image8.png]


 and [image: image10.png]5°C



, respectively. Determine the rate of heat transfer through the wall, in W.

12. The inner and outer surfaces of a [image: image12.png]0.5 cm



-thick, [image: image14.png]2mx2m



 window glass in winter are [image: image16.png]


 and[image: image18.png]3°C



, respectively. If the thermal conductivity of the glass is[image: image20.png]0.78 W/m.°C



, determine the amount of heat loss, in kJ, through the glass over a period of 5 hours. What would your answer be if the glass were 1 cm thick?
13. An aluminum pan whose thermal conductivity is 237 [image: image22.png]W/m.°C



 has a flat bottom with diameter 20 cm and thickness 0.4 cm. Heat is transferred steadily to boiling water in the pan through its bottom at a rate of 800 W. If the inner surface of the bottom of the pan is at[image: image24.png]105°C



, determine the temperature of the outer surface of the bottom of the pan.

14. A heat flux meter attached to the inner surface of a [image: image26.png]3 cm



-thick refrigerator door indicates a heat flux of [image: image28.png]25 W/m*



 through the door. Also, the temperatures of the inner and the outer surfaces of the door are measured to be [image: image30.png]


 and[image: image32.png]15°C



, respectively. Determine the average thermal conductivity of the refrigerator door.

15. Hot air at [image: image34.png]


 is blown over a [image: image36.png]2mx4m



 flat surface at[image: image38.png]


. If the average convection heat transfer coefficient is[image: image40.png]55 W/m?.°C



, determine the rate of heat transfer from the air to the plate, in kW.

16. For heat transfer purposes, a standing man can be modeled as a [image: image42.png]30 cm



-diameter, [image: image44.png]170 cm



-long vertical cylinder with both the top and bottom surfaces insulated and with the side surface at an average temperature of[image: image46.png]34°C



. For a convection heat transfer coefficient of[image: image48.png]15 W/m?.°C



, determine the rate of heat loss from this man by convection in an environment at 20°C.

17. A [image: image50.png]50 cm



-long, [image: image52.png]800 W



 electric resistance heating element with diameter 0.5 cm and surface temperature [image: image54.png]120°C



 is immersed in 60 kg of water initially at 20°C. Determine how long it will take for this heater to raise the water temperature to 8[image: image56.png]


. Also, determine the convection heat transfer coefficients at the beginning and at the end of the heating process.

18. Consider a person standing in a room at[image: image58.png]23°C



. Determine the total rate of heat transfer from this person if the exposed surface area and the skin temperature of the person are [image: image60.png]1.7 m?



 and[image: image62.png]32°C



, respectively, and the convection heat transfer coefficient is [image: image64.png]5 W/m’.°C



. Take the emissivity of the skin and the clothes to be 0.9, and assume the temperature of the inner surfaces of the room to be the same as the air temperature.
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