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Solutions to Quiz One – Introduction to Heat Transfer
1.
The wall of a house is 3 m high, 10 m long and 30 cm thick; it has an effective thermal conductivity of 10 W/m▪K.  The outer surface of the wall has an emissivity of 0.75.  On a winter night, the outer surface of this wall is at a temperature of 0oC and the air is at a temperature of –10oC.  The heat transfer coefficient for the outside wall is 8 W/m2▪K.  The outside wall also radiates to surfaces at –20oC.  What is the temperature of the inside wall of the house.
Here there is conduction heat transfer through the wall that equals the heat transfer from the outside of the wall.  We thus have the balance equation that 
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.  Here, we choose to use heat fluxes, instead of heat flows because the area will cancel out of any calculations.

Once we find the conduction heat flux from this sum, we can find the temperature of the inside wall by solving the usual equation for conduction heat transfer, 
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=kT/L.  Because the outside wall temperature is greater than the air and surrounding surface temperatures, we know that the heat transfer will be positive in the direction from the inside wall to the outside wall.

The radiative heat exchange with other surfaces at –20oC can be found by assuming that the other surfaces are larger than the wall, so that we can use the equation for radiative transfer from a small body in a large enclosure to find the radiative heat exchange per unit area.
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The convective heat transfer into the wall is found by the equation for convection, 
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=hAT.  Dividing by A gives the heat flux and we again see that the heat flow will be from the outer wall to the air.  We find this flux as follows.
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So the total heat flux from the outside wall, which equals the conduction heat flux through the wall is found as follows.
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We can now solve the conduction heat transfer equation for the inner wall temperature and apply the given data (L = 0.3 m and Touter wall = 0oC) to find the inner wall temperature.
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2. If the inside wall of the house in problem 1 has negligible radiation and a heat transfer coefficient of 15 W/m2▪K, what is the temperature of the air inside the house?
Here we apply the same convective heat transfer equation, 
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 = hT = h(Troom air – Tinner wall).  Solving this equation for the room air temperature and using the results above for the heat flux and the given data for the heat transfer coefficient gives the temperature of the airin the house as follows.
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