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Solution to Fifth Quiz – Unsteady Heat Transfer
Stainless steel balls ( = 8085 kg/m3, k = 15.1 W/m·oC, and cp = 0.480 kJ/kg·oC,) with a diameter of 10 cm are to be quenched in water.  The balls have a uniform initial temperature of 900oC and are dumped into water at 30oC.  The heat transfer coefficient is 2500 W/m2·oC, Determine the time required for the center of the ball to reach a temperature of 50oC.  Use both the lumped parameter analysis and the charts and compare the results.  Which result is correct?
In the lumped parameter analysis, the time to reach a certain temperature is given by the following equation.
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From the data in the problem we can compute the parameter, b, and then compute the time for the temperature to reach 50oC.  For this ball which is a sphere of radius r = 5 cm = 0,05 m, the ratio of volume to area = (4r3/3)/(4r2) = r/3 = (.05 m)/3 = .01667 m.
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Here we have T( = 30oC, T = 50oC, and Ti = 900oC Substituting these values and the value for b just found gives the following result for the time.
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When using the charts to find the center temperature, we know the following parameters
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Using these values in figure 4-17(a) gives the result that = t/r2 = 0.85 so that the time is


[image: image5.wmf](

)

(

)

=

×

×

=

=

=

2

3

2

2

2

05

.

0

55

.

0

480

8085

1

.

15

m

C

kg

J

m

kg

W

C

m

r

t

k

r

c

r

t

o

o

o

p

t

r

a

t

353 s
This is a large difference!  Perhaps the lumped parameter approach is not valid.  To check this we compute the Biot number where the length parameter is the volume to area ratio, found to be 0.01667 m, above.
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This Biot number is definitely not less than 0.1 so we know that the lumped parameter approach is not correct.  The correct answer is t = 353 s.
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