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Subject : 230-630 Advanced Transport Phenomena I
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1) Predict 23 for an equimolar mixture of C,Hg and C3Hjg at 336.1 K and 89.8 atm. Assume this
mixture having an ideal gas behavior and the value of universal gas constant (R) is 82.0578
atm-cm’/mole-K (15 points)
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2) Verify the relations between fluxes used for interrelating expressions in mass units and those in
molar units in binary systems using only the definitions of concentrations, velocities, and fluxes
(M in the relation is the average molecular weight of the mixture):

ja= M( Daxp jJ 4 (10 points)
WpX 4
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Derive an expression for the steady concentration distribution (C4) and mass transfer rate (W)
of gas 4 in the hollow porous sphere with a constant effective mass diffusivity of ), an inside
radius of xR, an outside radius of R. The concentration of 4 inside and outside the sphere are Cy,
and C g respectively. For the diffusion of gas 4 in porous medium at constant temperature and
pressure, one may assume that the molar flux of 4 relative to stationary plane as :

dC
Na==24 drA

(20 points)
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*-R=24cm
4) Chlorine is being absorbed from a gas in a small \j;r\r Water film runs

experimental wetted-wall tower as shown in the g} downthewall
figure. The absorbing fluid is water, which is moving
with an average velocity of 17.7 cm/s. What is the
absorption rate in g-moles/hr, if the liquid-phase
diffusivity of the chlorine-water system is 1.26x107
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the experimental values at 16 °C). The dimensions of |
L

L=26cm
cm?/s, and if the saturation concentration of chlorine T Surface concentration
. . . assumed equal to the
in water is 0.823 g chlorine per 100 g water (these are saturation concentration
the column are given in the figure. (Hint: Ignore the
chemical reaction between chlorine and water.) '_)\{.T/L
Chlorine-bearing

(10 points) gas
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Moisted air with an uniform temperature of 30 °C and a pressure of 122 kPa (p = 1.4 kg/m’,

¢ = 48.3 mole/m’, ;1= 0.01822 mPa.s) is flowing in a smooth circular pipe of diameter 54.1 mm
with a mass flow rate of 69.7 kg/h and wall shear stress (7y) of 0.16 N/m. Beginning at z=0to z
= L, there is a absorbing device that remove water vapor (component 4) from an air stream
(component B) to the tube wall with a constant molar concentration of water vapor ¢4 of 0.097
mole/m’. If the bulk concentration of water vapor at z = 0 (cgp;) and z = L (c4p,) are 1.21 mole/m’
and 0.242 mole/m’ respectively and the diffusivity of water vapor in air ( 25) at 30 °C is
1.78x10° m%/s. Find the average molar flux of water vapor at the tube wall (N,) and the

turbulent (eddy) diffusivity (:XA(?) at the tube center-line. (25 points)



