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1. A vertical sheet is moving upward at velocity U with a fluid film as shown below.  Derive an equation showing the laminar velocity distribution in the film. Assume the z direction is up.  Gravity acts on the fluid in the -z direction.  There is no pressure gradient. 
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Work Problem 2 or 3

2.
The natural convection of fluids is caused by fluid density differences arising from temperature differences.  For two horizontal plates a distance L apart and with a temperature difference of T, the velocity depends on the following parameters:

V = f(L, , , k, Cp, gT)

where


 
L
[=]
cm






g-cm-3





g-sec-1-cm-1



k 
[=]
g-1-sec-3 




Cp
[=]
cm2-sec-2-K-1



gT
[=]
cm-sec-2; the buoyant force that drives motion
By Buckingham Pi Theory (dimensional analysis), reduce the above 6 parameters to dimensionless Pi groups. 

Note: Buoyant force considerations are the origin of the lumped term gT, which can be treated as on variable.
Work Problem 2 or 3

3.
Using the equations of change to show that the Re and Fr numbers determine flow profiles in terms of dimensionless variables for geometrically similar systems.
4. A packed bed of particles approximating spheres 10 mm in diameter are in a column 1 m in diameter and 10 m deep.  What pressure would be needed to drive 3000 liters of water per minute through the bed?  The void fraction is 0.3.

5. 
What is the drag force exerted on a 10 cm diameter sphere tethered in a stream of water flowing at 2 m/s?
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