32.21 50°F chilled water flows through a nominal 4in steel pipe wrapped
with 2¢n thick insulation with thermal conductivity 0.05%. The
ambient space is maintained at 74°F and the convection heat trans-
fer coefficient between the insulation and the air is Z}W_‘J?t—t;foF. What
is the surface temperature of the outside of the insulation?
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Draw a cross section of the insulated pipe. Use the table Schedule 40 Steel Pipe to look up the
inside diameter and thickness for a nominal 4in pipe and calculate the outside diameter.

D; = 4.026in

D, = D; + 2t = 4.026in + 2 (0.237in) = 4.5in

Adding on the thickness of the insulation, the overall diameter of the insulated pipe is 4.5in +
2(2in) = 8.5in. Therefore, the inner and outer radii for the insulation are r; = 2.25in and r, =
4.25in, respectively.

Assume there is no conduction resistance through the pipe wall, and all conduction resistance
is provided by the insulation. Determine the Cylindrical Wall Conduction Resistance. For conve-
nience, select a 1ft section of pipe for the analysis.

In (%)

Rcon =
¢ kL
4.25in )
Roong = In (5355 —_9 hr-°F
2 (0,055,547 ) (111) Btu

Determine the Convection Resistance from the outside of the insulation to the ambient space.
The area is the surface area of the outside of the insulation, given by A; = 7DL. Again, select a
1ft section of pipe for the analysis.
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For the temperatures to be in equilibrium at steady state, the heat flux from the water through
the insulation by conduction is equal to the heat flux from the outer surface of the insulation to
the room by convection. Set these two quantities equal.
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QCond = QCon'u

Express each side as the quotient of AT and resistance. Note the absence of area since these

hftfiz} , not total heat transfer [%] The only unknown is the surface

temperature of the insulation, Ts. Substitute known values and solve algebraically.

terms are already heat flux [
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T, =T22°F

Answer D
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