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Problem 1 (10%)
Please show the Sl units of the following terms:
(a) diffusion coefficient (b) NPSH (c) specifurface area
(d) Prandtl number (e) log-mean temperatuiferéince

Problem 2 (10%)
Please explain the following terms

(a) Purge of a chemical process (b) Bubble point

Problem 3 (15%)

Stripping of oxygen from water is carried out ibwibble column by using a nitrogen stream. The

concentrations of oxygen in the bulk gas and liquidhses argac and xa_. At the gas-liquid

interface, the gas-side and liquid-side concemmnatareys andxa;.

(a)Based on the two-film theory, please plot the gdesioncentration profiles in the two phases.

(b)The local mass transfer coefficient in gas ph&sg i6 0.2 m/s and the local mass transfer
coefficient in liquid phasek() is 0.05 m/s. Assume that the concentration ofgeryis very
dilute in both phases and the Henry’'s law constiamnt ya/ Xa ) is 35. Please find the overall
mass transfer coefficient in the liquid phake)(

Problem 4 (25%)

A liquid with a viscosity ofz and a density of is flowing in a narrow planar slot: the lower gat
is a belt moving at a constant velodilyand the upper is fixed. The liquid level in thearvoir,

E, is constant and the height and length of theasieH andL, respectively. When a steady flow
is achieved, what is the film thicknes3
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Problem 5 (15%)

Sea water is fed at 4B into the desalination process (<)% [ “#<3~) shown below. The process
first vaporizes the feed to water vapor and themeases the vapor to the final fresh water for
drink. In the vacuuming process, sea water is selédhe need for the latent heat of vaporization
and becomes ice. At the other exit of the vacuutaell, concentrated sea water enters the next
unit to filter out ice. The ice stream then recevitre latent heat from the vapor and two streams
are merged to become fresh water.
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(a) How manylib/hr of stream3dV andD can be obtained from 106/hr of feed?

(b) If the filtration is operated at 3B, what is the temperature of the fresh water? gsthe
whole process has no heat loss and the diluteé ban be dealt as water for heat transfer.

Problem 6 (25%)

People have paid much more attention than eveneayg-saving materials to respond the era of
expensiveand insecurenergy. A real example in our life is the replaeetof tungsten bulb&
S Jve

i) with LED bulbs. However, we are aware that LEDtenial is more expensive than

tungsten bulbs. The end users therefore need nianeghts about which option is more
economical: saving the energy cost or materialost

Your boss now asks you to save the energy cosydar company by improving the heat
insulation of a hot 5-m long tube, which contair@0&F flowing fluid. Outside that 10-cm (OD)
tube, materialA poorly keeps the heat from dissipating t6F @mosphere. You are considering
to cover an additional layer on materfalto achieve your task. There are two good insulated
materials B andC that you have found out:

Thickness Thermal conductivityk  Heat-transfer coefficienh Cost
mm w/(m-K) w/(m*K) $/m
Material A 3.0 0.80 20.00
Material B 1.0 0.05 11.67 2600
MaterialC 0.5 0.01 2.05 5000

(a) Calculate the energy saving percentigen these two materials. (15%)
(b) Considering the material cost, which material g#lve the better netost, if your boss
demand to see the cost saving in 5 years? (10%)

You may ignore the heat resistances from the thmd tube. The Taiwan Power Compalﬁyﬁ,:‘)
lists the energy cost as $250/(kw-month).



