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Solutions to Quiz Eight –Convection Coefficients
A flow of air at 20oC and 5 m/s strikes a square duct at its corner.  Each side of the square cross section is 0.2 m wide and the length of the duct is 20 m.  The surface of the duct is at 60oC.  Determine the heat transfer to the duct.
We find the fluid properties for air from Table A-15 on page 860 using the mean (fluid) temperature of (60oC + 20oC)/2 = 40oC: k = 0.02662 W/m▪oC,  = 1.702x10‑5 m2/s, and Pr = 0.7255.  With these data we can compute the Reynolds number for the characteristic length, D, shown in Table 7-1 which is the diagonal of the square.  This gives D = (0.2 m)(2)1/2 = 0.2828 m.
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This is within the applicable Reynolds number range in Table 7-1 so we can compute the Nusselt number from the equation in that table.
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We next find the heat transfer coefficient from the Nusselt number.
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The area available for heat transfer is the entire surface area of the duct.  Each side of the duct has an area of (0.2 m)(20 m) = 4 m2; so, the four sides of the duct have a total area of 16 m2.  We use this area and the heat transfer coefficient just found to compute the heat transfer to the duct.

[image: image4.wmf](

)

(

)

W

x

C

C

m

C

m

W

T

T

hA

Q

o

o

o

4

2

2

10

041

.

1

60

20

16

27

.

16

)

(

-

=

-

×

=

-

=

¥

&

 = –10.4 kW2

The negative sign for the heat transfer to the duct indicates that the heat transfer goes from the duct to the air, as expected by the difference in temperatures.
2. A flow of 100 lbm/h of engine oil at a temperature of 100oF enters a 100-ft-long pipe that has a 6-in inside diameter.  The inside surface of the pipe has a temperature of 120oF.  Determine the exit temperature of the oil and the heat transfer if the heat transfer coefficient with the wall is 50 Btu/h(ft2(oF.  Use the following properties for the oil:  = 54.77 lbm/ft3, cp = 0.4669 Btu/lbm(oF, k = 0.08367 Btu/h(ft(oF,  = 0.1630 lbm/ft(s, and Pr = 3275.
The formula for the temperature at the end of an internal flow with constant surface temperature is given by the following equation.
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For this problem the surface area is the internal area of the pipe: As = DL = (0.5 ft)(100 ft) = 157.1 ft2, and the other data that we need to compute the number of transfer units, NTU, are given above.  Once we compute the NTU, we can find the exit temperature.
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The heat transfer can then be found from the first law equation.
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= 934 Btu/h
20oC 5 m/s





Air flow
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