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Ph.D. Qualifying Exam

Heat Transfer

I. A long, cylindrical copper conductor, 2.5 cm in diameter (km =390W/m-K ) 1S covered

with a 1-cm thick layer of phenolic insulation (k, =0.03%/ m-C). The estimated internal

heat generation in the conductor is 39 kW/m?, the surface heat transfer coefficient is h = 32
W/m’-°C. and the outside environment temperature is 30°C.

a. Develop algebraic expressions for the outside and inside surface temperatures of the
phenolic insulation. Calculate these values.

b. Draw a qualitative sketch showing the temperature distributions inside the conductor, in

the phenolic insulation and in the outside air film. Do you expect the temperature
distribution in the insulation material to be linear? Explain your response.

C. Wnite the governing differential equations and applicable boundary conditions that should

be used to determine the temperature distributions in the conductor and in the phenolic
insulation.

d. "Burn out" occurs in electric conductors and electric coils if the temperature of the metal

reaches the melting point. Set forth the mathematical criteria leading to this situation for
the problem described above.



Determine sufficient expressions that you could use to determine the net radiative flux for

both surfaces 1 and 2. Your answer may be left in terms of the symbols shown in the figure.
You do not need to solve the equations for qpe; and Q2net, ONly derive them.




3. Use a control volume energy balance to derive the energy integral relation for a two-
dimensional boundary layer
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