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Abstract: A nonporous hollow fiber membrane contactor was used to control the concentration of oxygen dissolved in
an aqueous solution, which was predicted along the hollow fiber membrane using a computer simulation. The governing
ordinary differential equations were derived for the cocurrent flows of the feed aqueous solution and the feed gas mixture
in a membrane contactor and they were numerically solved using the 5th Runge-Kutta-Verner method with a personal com-
puter, where the program was coded utilizing a software of the Compaq Visual Fortran 6.6. It is found that the concen-
tration of oxygen dissolved in water increases from 30 to 64 ppm as the length of the hollow fiber increases from 0.4 to
1.2 m when the membrane of fibers are equal to be 16,000; the flow rate of the feed gas is kept to be 0.536 mol/sec; its
pressure is maintained to be 486 kPa; the flow rate of the water is 16.69 mol/sec. As the flow rate of the water increases
from 9.26 to 26.85 mol/sec, the concentration of oxygen decreases from 40 to 20 ppm with the constant fiber length of 0.4
m. Finally, it is observed that the concentration of oxygen increases from 33 to 69 ppm as the pressure of the feed gas in-
creases from 298 to 847 kPa.
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Fig. 1. A schematic of cocurrent flow in hollow fiber
membrane contactor.,
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Table 1. Specification of Membrane Module
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Table 2. Operating Conditions for Numerical Analysis

Permeance of O, (GPU, 1 GPU = 10

.34
Nem®/em” + sec - cmHg) 0.346
Inside diameter of hollow fiber (um) 220
Outside diameter of hollow fiber (um) 400
Effective thickness (m) 0.1 x 10
Number of hollow fiber membrane 16,000
( START ) i
Caiculation of profile by Runge-Kutta-
l Verner fifth-order method
Input of physical and i
chemical variables
Solving initial value problem using
1 IVPRK (vocurrent flow)
Z Input of initial profile / l
1 Profile results print by text file
Conversion of S1 units \—/r‘\
T ( END )

Fig. 2. Schematic flow diagram of computer program.
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0O, mole fraction in the feed gas 0.4~0.995
Flow rate of gas (mol/sec) 0.536
Concentration of oxygen in feed water (ppm) 8
Flow rate of water (mol/sec) 9.26~26.85
Pressure of the feed gas (kPa) 298~847
Length of the membrane (m) 0.4~1.18
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Fig. 3. O, concentration in water vs. length of the mem-
brane: L¢ = 0.536 mol/sec, V¢ = 16.69 mol/sec, Py = 486
kPa.
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Fig. 4. O> concentration in water vs. flow rate of water:
X;=0.995 L =04 m.
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Dy Log mean diameter of hollow fiber [m]

d; Inside diameter of hollow fiber [m]

d, Outside diameter of hollow fiber [m]

K Dimensionless parameter as defined in Eq.
(10)

L Flow rate of feed [mol/sec]

Ly Flow rate of feed in module entrance
[mol/sec]

L Dimensionless flow rate of feed

4 W && da 24 357
l Distance [m]
Ly, Total effective length of membrane [m]

Dimensionless distance as defined in Eq.

(10)

Pf Pressure of feed side in module entrance
[atm]

P, Pressure of feed side [atm]

o, Permeance of oxygen in hollow fibers

[Ncm3 -em” - sec” - cmHg'l]

V Flow rate of permeate [mol/sec]

Vi Flow rate of permeate in module entrance
[mol/sec]

x Mole fraction of oxygen in feed

T Mole fraction of oxygen in module en-
trance

Y Mole fraction of oxygen in permeate

Yy Mole fraction of oxygen in module en-
trance

e Pressure ratio as defined in Eq. (10)

Yo Pressure ratio as defined in Eq. (10)
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