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1. Reverse osmosis takes place in a plate and frame module (between two flat
membranes), i.e., the salt is rejected by the membranes and concentrated while water
permeate through the membrane. Derive the transport equation that describes the salt
concentration, starting from a mass balance on the differential control volume. Assume
steady state and no movement in y-direction.

2. A chemical is injected into a fully-developed pipe flow and degraded by a first-order
reaction. Starting from mass balance in a differential control volume, derive a
differential equation for one-dimensional non-steady transport of the chemical in the
pipe in terms of diffusion and bulk velocity. (Boundary conditions not needed)

3. We consider a case where a vessel containing a selective membrane is initially
filled to a volume V0 with solution at a concentration of chemical able to pass
through the membrane, cr0. At t = 0 fluid begins leaving the vessel at a constant
rate Q. The concentration in the effluent (or membrane permeate), cp, is always less
than the concentration in the vessel, cr, by the constant ratio pc = cp/cr (pc < 1).
The effluent is received in another vessel which is well mixed. Derive an expression
for the concentration of the chemical in the receiving vessel as a function of time.
The receiving vessel is initially empty. If possible, keep the symbols used in
Example 1.6, p17, Logan.

4. A stagnant water is saturated with oxygen in air at 25 oC. Suddenly (at time zero)
the air is replaced by pure oxygen, and the interface is saturated with the pure
oxygen immediately and oxygen diffuses into the water. Calculate the oxygen
concentration at 0.5 cm under the interface and the oxygen flux at the interface at 1
hr.




