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Solutions to Quiz Nine – Internal Forced Convection and Free Convection
1.
A 30-cm-diameter, 100-m-long pipe carrying asphalt is electrically heated to make the asphalt flow more easily.  The electric heating maintains the outer wall of the pipe at 25oC where it has a heat loss by convection to the air at 0oC and radiation to the sky at –30oC.  Fiberglass insulation (k = 0.035 W/m(oC) is to be added to the pipe to reduce the heat loss to 4000 W.  The insulation is covered with aluminum foil that has an emissivity of 0.1.  Write the equations required to find the insulation thickness required and briefly discuss how you would solve your equations.
Here we have convection and radiation from a cylinder so the heat transfer is given by the following equation.
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In this equation Ts represents the outer surface temperature of the insulation which is not known and D represents the outer diameter of the insulation, which is also an unknown.  The free convection properties between the insulated pipe and the air depend on the mean temperature (Ts + T()/2 = (Ts + 0oC)/2.  We would have to have an initial guess for Ts in order to find the property data.  Once we had this guessed value for Ts we could then find k, , Pr, and  at the mean temperature.  For example if we picked the outer surface temperature to be 10oC we would then find the properties at 5oC: k = 0.02401 W/m(oC,  = 1.382x10-5 m2/s, Pr = 0.7350, and  = 0.003597 K-1,  We could then use these properties in the equations for the Rayleigh number, the Nusselt number, and the heat transfer coefficient.
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The equation for the heat transfer, with the variables we know can be written as follows.
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We have a set of four equations, but we have five unknowns:  that can be solved for the two unknowns Ts, D, RaD, Nu, and h.  We need another equation.  We find that in the equation for conduction through the insulation.  This conduction heat loss must equal the heat transferred from the insulation by conduct and radiation.
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We now have a system of five equations  in five unknowns; all we have to do is to solve them.  The easiest approach would be to use equation solving software.  To solve them by hand, you could use the following process:

1. Guess a value for D.

2. Guess a value for Ts.

3. Find the properties at the mean temperature.

4. Compute the Rayleigh number, Nusselt number, heat transfer coefficient, and the heat transfer, 
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5. Repeat steps 2 through 4 until the computed heat transfer equals the desired value of 4000 W.

6. Compute the diameter from the conduction heat transfer equation using the value of Ts found in the inner iteration.

7. Repeat steps 1 through 7 until the diameter computed in step 6 matches the diameter used in step 1.
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