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1. A packed bed of ion exchange resin beads 0.1 mm in diameter are in a column 4 cm in diameter and 100 cm long.  What pressure would be needed to drive 3 liters of water per minute through the bed?  The void fraction is 0.3.

2. What void fraction would be achieved in a bed of Al2O3 spheres 0.8 cm in diameter in water flowing upward at a rate of 30 cm per second through a column?  The density of Al2O3 is 2.7 g per cm3. 

3.
A ladle of molten steel at 1900 K is to be vacuum degassed as shown below.  Note that the pressure above the steel in the ladle is 1 atmosphere while the pressure in the vacuum degasser is essentially 0 atmosphere.  If the depth of the steel in the ladle is 3 meters and the length off the 10-cm inside diameter pipe from the ladle to the degasser is 1 meter in length, what is the exit velocity of the steel in the pipe?  You may use the friction loss coefficients shown below for the flows into and out of the pipe.  (Note: 1 atm = 1.013x106 dynes.)














4.  Obtain a differential equation for the temperature distribution in a sphere as a function of time and radius.  The sphere has a heat generation term per unit volume of S, an outside radius of R, an initial temperature of Ti, and at time equal 0 and later a surface temperature of TS. State all BC’s and the IC.
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