Assignment #4 solutions        
5-4 

A set of cylindrical samples (all 0.03 m in diameter) are put together end to end. The outside radius of the overall system is heavily insulated. The five cylinders (A, B, C, D, E) comprising the system have lengths and thermal conductivities as follows (A: 0.071 m, 238 W/m oK ; B: 0.04m, 73 W/m oK ; C:0.04m, 15 W/m oK ; D: 0.04m, 1126 W/m oK; E:0.07 m, 395 W/m oK). 

The ends of the system (A and E) are at 0 oC and 100 oC, respectively. Calculate the temperatures at each interface in the system. 
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Since the cylindrical samples are heavily insulated, it can be assumed that the heat flux will be transferred along the length of the samples i.e in direction of z (qz) such that qr = 0 and qθ = 0. 
Therefore the system resembles that of a set of slabs and the following equation can be used to determine the overall heat flux (i.e equation 5-13 from Griskey, )
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                 (Eqn 1)

Where ΔL is the length of each cylindrical sample, k is the thermal conductivity and A is the constant cross-sectional area.
The area for all the cylindrical samples is given by:
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and ΔT=100-0=100K

Substituting the above values of A and ΔT plus the given thermal conductivity constants k for each sample and the length of each rod into equation 1:
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Since the cylindrical samples are placed end to end i.e. in series then:
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Therefore the temperatures at each interface can be obtained using the heat flux through each segment and substituting into the following equations:

For Segment A:
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therefore there temperature at interface of sample A and B
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For Segment B
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at the interface of B and C 
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For Segment C
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at the interface of C and D
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For Segment D
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at the interface of D and E
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5-26
A wall of thickness M has its left face (x=0) heavily insulated and its right face (x=M) at temperatures T1. What is the temperature distribution if internal heat generation is given by: 
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where 
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is a constant? 




The above system can be considered to be a steady state one dimensional slab with heat being generated as 
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 and the temperature profile can be represented by the following equation ( eqn 5-18 from Griskey):
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                    (Equation 1)

In this case, the internal heat being generated is given by the following equation:
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                  (Equation 2)
Where 
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Rearranging and substituting equation 2 into 1:
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            (Equation 3)
For the above system we have two boundary conditions

BC 1:

At x = 0       
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 (due to insulation, the flux, q, which is proportional to the derivative of temperature at the left side of the wall is zero).

And BC 2:

At x = m     T=T1 
Solving equation 3 by rearranging and integrating using the above boundary conditions:
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Substituting boundary condition 1 into equation above
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        (Equation 4)
Integrating the equation above (equation 4) and using boundary condition 2:
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      (Equation 5)
Substituting boundary condition 2:   at  x=M, T=T1
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Substituting the value of C2 into equation 5:
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