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1. Steady state heat conduction in a slab with heat generation.  (40 points) 
 
 
Consider a slab that has a thickness B in the x direction.  The y and z directions are 
infinite and completely uniform.  There is a heat generation rate of S  W/m3-s.  The wall 
at x=0 is insulated.  The wall at x = B is fixed at a temperature T(x=B) = T0.  The thermal 
conductivity is constant with a value of k,  W/(m K s), the density of the slab is ρ (kg/m3) 
and the heat capacity is Cp (W/K/kg)   
 
 
             T = T0 
 
 
 
 
 
      x = 0       x = B  
 
a.  Use a shell balance to derive the differential equation that governs the heat flux. 
b.  If Fourier’s law is valid for this situation, what is the differential equation for the 
temperature profile? 
c.  Find the temperature profile. 
d.  What is the flux at x = B? 
e.  Now suppose that S = 0, what is the temperature profile in the slab? 
f.  If the temperature T0 is changed, (approximately) how long will it be before new 
steady state is established?   
 
 
Extra credit (5 points) 
g.  Find the differential equation for the temperature profile for the case of finite S (that is 
again with heat conduction), but this time the thermal conductivity is a function of x, k = 
k0 + k1 x. 
 
 
 



2.  Transpirational cooling in a cylindrical geometry  (35 points) 
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           Purely radial flow 
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A concentric cylinder device as shown above has a fixed outer temperature T(R) = T0.  
There is a radial flow outward of fluid, emanating from the inner cylinder, with a strength 
w with units kg/(m-s)  (mass/time per unit height of the cylinder.  The total flow is 
constant and goes only in the r direction.  The fluid density is ρ, the heat capacity is Cp 
and the thermal conductivity is k.  All of these are constant. 
 
a.  Find an expression for the velocity field, v(r). 
b.  Use the complete form of the differential energy equation, in terms of temperature, to 
find an equation that governs this situation.  Explain the physical meaning of your terms. 
c.  Solve the ODE for the temperature profile.  You may wish to recall that b ln(x) = 
ln(xb) and that ODE’s like this one can be readily solved using a simple substitution 
variable. 
d.  Find an expression for the heat flux at r = κR. 
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3.  An insulated wire. (25 points) 
 
Consider the temperature of a wire that has an insulating material around it.   
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The wire has a radius κR, the outside of the wire has a radius R.  There is heat generation 
inside the wire by electrical dissipation, S.  The thermal conductivity of the wire is k1, the 
thermal conductivity of the insulation is k2.  They have densities ρ1 and ρ2 and heat 
capacities Cp1 and Cp2.  At r=R the heat loss to the surroundings is given by a heat 
transfer coefficient and Newton’s law of cooling q(R) = h (T(R) -T0).   
 
a.  Write down the governing equations in terms of temperature for this problem. 
b.  Write down all of the necessary boundary conditions  
c.  Without fitting the boundary conditions, find the general solutions to the differential 
equations in the wire and the insulation. 
d.  If you solved this problem, the inner region (wire) would not have a logarithmic term, 
but the outer region would.  Explain why. 
e.  It is surprising, but true, that under certain circumstances, adding insulation will 
increase the heat flux from a wire.  Explain how this could be happen. 
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