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1.  A composite wall has dimensions, thermal conductivities, and heat transfer coefficients given below.  What is 
a) The heat flux through the wall?

b) T3? 
Units for 
k’s are Watts per meter per K, 
L’s are in meters, 
heat transfer coefficients are in Watt per square meter per K.
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Consider a 5-meter deep packed bed of marbles (2 cm diameter) with a bed density 2,000 Kg/m3 (void fraction of 0.4).
a)
What pressure drop (above and beyond any hydrostatic pressure drop) would be required across the bed to just fluidize it? 
b) 
Describe the relationship of this pressure drop with the void fraction.

c) 
What would be the superficial velocity of water required to fluidize the bed to a void fraction of 0.6? 
3.  
What is the cooling rate (J/s = Watts) of a 0.01-m diameter sphere at 300 °C falling at 20 m/s through dry air at 100 °C?
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Write (no derivation needed) the Heat Equation in one dimension for unsteady state heat transfer for 

a)
Rectilinear Coordinates (x-direction)

b)
Cylindrical Coordinates (r-direction)

c)
Spherical Coordinates (r-direction)
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