National Chung Hsing Unéversity / Transport Phenomena / Spring 2015
Midterm 2

Name

1. (8 pts) In using the von Karman approximate method for analyzing the turbulent
boundary layer over a flat plate, the following velocity and concentration profiles
were assumed:
Ve=a+By and c=n+4y
The four constants, a, B, n, and &, are determined by the appropriate boundary
conditions at the surface and at the outer edge of the hydrodynamic and concentration
layers.
a. Please determine the resulting equations for velocity and concentration profiles.
b. Please determine the mass-transfer coefficient if the thickness of the turbulent
boundary layer and the concentration boundary layer are given.
§=08x &c=0.6x

2. (9 pts) Ozone gas (solute A) dissolved in water is used in wet cleaning processes.
It is desired to produce a liquid water stream containing 3.0 gmole O3/m’ by a process
that does not create any gas bubbles. One engineer’s idea is shown in the figure,
Liquid water containing 1.0 gmole Os/m’ enters a well-mixed tank at a volumetric
flow rate 0.050 m*/h. A pressurized gas mixture of O diluted in N; is continuously
added to the headspace of the tank at a total pressure of 1.5 atm. Both the liquid and
gas inside the tank are assumed to be well mixed. The gas —liquid surface area inside
the tank is 4.0 m®. The process is maintained at 20°C. For a well-mixed, non-bubbled
ozonation tank, the appropriate film mass-transfer coefficients for the liquid and gas
films are k, = 3.0 X 107¢ m/sand k, = 5.0 X 10™* gmole/s- m’-atm, respectively.
Equilibrium distribution data for O; gas dissolved in water at 20°C follows Henry’s
law, with H= 6 x 1073 m’ - atm/gmole.
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i5 Os very soluble in water? Please explain the reason for that

b.  What is the overall mass-transfer coefficient K. based on the overall gas-phase
driving forces”

c. What is the overall mass-transfer coeflicient K;. based on the overall
liquid-phase driving forces?

d. For the process to operate as intended, what are the required partial pressure (pa)
and mole fraction (y4) of ozone (O;) in the gas phase inside the tank?
What is the total transfer rate of O3, W4?
Is the mass-transfer process gas film controlling, liquid film controlling?

3. (3 pts) Jasmone (species A) is obtained from the jasmine plant. A common method
of manufacture is to extract the plant material in water, and then use benzene to
concentrate the jasmone in a simple liquid-liquid extraction process. Jasmone is 170
times more soluble in benzene than in water, and so
Ci = 170C,

Where C, is the concentration of jasmone in benzene, and C, is the concentration of
jasmone in water. In a proposed extraction unit, the benzene phase is well mixed with
the film mass-transfer coefficient k; = 3.5 X 107® m/s. The aqueous phase is also
well mixed with its film mass-transfer coefficient k; = 2.5 X 10™5 m/s. Determine

a. The overall liquid mass-transfer coefficient, K|, based on the benzene phase

b.  The overall liquid transfer coefficient, K;, based on the aqueous phase

¢.  The percent resistance to mass transfer encountered in the aqueous liquid film
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