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Solution to Sixth Quiz – Unsteady Heat Transfer II
A long piece of wood (k = 0.17 W/m·oC and  = 2x10-7 m2/s) whose cross section is 5 cm by 10 cm is initially at a uniform temperature of 25oC. It is exposed to hot gases at 550oC for a period of 1 hour.  The heat transfer coefficient between the gases and the wood slab is 35 W/m2·oC.  Determine the temperatures 1 cm below the midpoint of the surface of the side that is 5 cm wide (where the arrow is pointing.)
We can model this long piece of wood as the intersection of two one-dimensional infinite planes: one 10-cm wide (so L = 5 cm = 0.05 m) and the other 5-cm wide (so L = 2.5 cm = 0.025 m.)
We can compute the Fourier number to see if the can use the approximate solutions
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Since both Fourier numbers are greater than 0.2 we can use the approximate solutions.  Here we will have the product of two one-dimensional solutions.  We will have the product of two of the following one-dimensional solutions.
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The product solution can be written as follows.
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The subscripts 10 and 5 on the outer brackets indicate that the data for each solution – the 10 cm side and the 5 cm side – will be different depending on their physical parameters and their values of A1 and 1.  The latter two values are found from the Biot Number.  For the 10 cm side, 
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For this value of Biot number, the values of A1 = 1.2622 and 1 = 1.4309 are found by interpolation in Table 4-2 on page 231 of the text.  For the 5 cm side,
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For this value of Biot number, the values of A1 = 1.2417 and 1 = 1.3191 are found by interpolation in Table 4-2 on page 231 of the text.
The location at the midpoint of the side that is 5 cm wide corresponds to a coordinate of zero for the 5 cm side.  The location 1 cm below the surface of this side corresponds to a coordinate of 5 cm – 1 cm = 4 cm = 0.04 m for the 10 cm side.  We now have all the data necessary to find the dimensionless temperature.
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We can now find the temperature.
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T = 525oC
10 cm





5 cm
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