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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.
How many watts of power would be required to pump 100 tons/hr of liquid Pb through the following network?  The pipe diameter is 1 inch and a surface roughness of /D=0.01.  Assume f=0.095 but describe how to check this assumption.






 


DATA:
Pb=2x10-2 gs-1cm-1
Pb= 11.4g/cm3
2.  Calculate the pressure drop required to move 30 liters of room-temperature water per minute through an ion resin bed with a cross sectional area of 100 cm2.  The resin beads are 0.2 cm diameter.  The bed has a void fraction of 0.4 and is 100 cm deep.  The resin density is 1.1 g/cm3.

3.  If the bed in Problem #2 were fluidized to a 0.6 void fraction, find the


a)
superficial velocity 


b)
pressure drop across the bed 

4.
An electric heating element for a furnace is connected to the electric power source at each end by water-cooled clamps as shown below.  


The rod's temperature is a function of the distance along the axis.  


There are no significant radial gradients.


The electric power generates heat within the element at a rate of S Watts/cm3.  


The rate of heat is loss per unit surface area from the surface of the rod is qconvection=h(TRod-Tair).  Assume h is given.  


Derive an equation for the steady state axial temperature profile in a rod L in length.  Since the temperature profile will be symmetrical about the center of the rod's axis, put your coordinate at the rod's center.  The rod's length is 2L and its radius is R.


Show the BC’s, the finite element, the heat balance, the temperature profile equation.
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