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Open Book and Calculators Allowed
All needed physical constants are to be obtained from the text.  Estimations are permissible if a needed constant is not available in the text.
1.
An aluminum billet 0.6x0.6x2.4 meters at uniform temperature of 200 °C is withdrawn from a furnace and air cooled in a blowing stream air with a temperature of  0 °C. 
h = 50 W-m2-K

k = 150 W-m-K

 = 2800 kg/m3

Cp = 780 J/kg-K






All six faces are cooled.  Ignore radiation.






Note: the center is at x = 0, y = 0, z = 0 of the cube.


a)
Determine the temperature at  x = 0, y = 0, z = 0 after 2000 seconds. 


b) 
Determine the temperature at x = 0, y = 0, z = 0.6*1.2 meter after 2000 seconds. 

2.
A 0.4-m diameter aluminum cylindrical billet 0.6 meter long at uniform temperature of 200 °C is withdrawn from a furnace and air cooled in a blowing stream air with a temperature of 100 °C.  What is the temperature in the center after 2000 seconds?
h = 50 W-m2-K

k = 150 W-m-K

 = 2800 kg/m3

Cp = 780 J/kg-K

3.
Two black parallel plates are radiating 1000 Watts from one to the other.  If the heat loss must be cut to 100 Watts using three intervening heat shields having the same emissivities on all sides, what must the emissivity of the two shields be?

4. 
How much longer will it take to cool a silver plate undergoing Newtonian cooling than a silver sphere undergoing Newtonian cooling?  The plate’s thickness is equal to the diameter of the sphere.  Both shapes start at the same temperature and cool to the same temperature.
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