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Abstract: A numerical analysis was performed for concentration of methane from the biogas using a polysulfone hollow
fiber membrane permeator. Governing equations were derived for the countercurrent flow and numerically solved by using
the Compaq Visual Fortran 6.6 software. When the methane mole fraction of feed was 0.5, the mole fraction of retentate in-
creased from 0.5 to 0.8; the normalized retentate flow rate to the feed flow rate decreased from 1.0 to 0.57 at the given
typical operating condition as the feed gas flowed from the inlet to the outlet of the membrane. As the methane mole frac-
tion of feed was changed to 0.9, the methane mole fraction of retentate became 0.93 and the normalized retentate flow rate
was changed to 0.91. When the pressure ratio of the permeate to the feed was varied from 0.33 to 0.17, there was a little
difference in the methane mole fraction of retentate for the low stage cut of 0.1, whereas there was an significant increment
for the high stage cut of 0.3. The retentate methane mole fraction remained relatively high despite the change of a stage cut
as the area of the membrane increased from 1.14 m’ to 2.57 m’.
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Fig. 2. Flow diagram to solve two points boundary value
problem of countercurrent flow.
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Table 1. Characteristics of Polysulfone Hollow Fiber
Module

Variables Conditions
Membrane material Polysulfone
Permeance of methane (GPU) 7.18
Ideal selectivity of carbon dioxide to
methane 33.08
Hollow fiber outside diameter (O. D.) (um) 400
Hollow fiber inner diameter (I. D.) (um) 200
Effective thickness (um) 1.0
Number of hollow fibers (-) 3800
Effective length (m) 0.36
Effective membrane area (mz) 1.71

Table 2. Operating Conditions for Numerical Analysis

Variables Conditions
Mole fraction of methane in feed stream 0.50~0.90
Flow rate of feed stream (L/min) 10~100

Pressure of feed stream (kPa) 202.605~1,114.575

Pressure of permeate stream (kPa) 101.325

Area of hollow fiber membrane module

(m?) 1.14~2.57

g 5 S4S st &4 W wE gd

it

4.1. 22[9 Zolo mE HE 22| AS
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Fig. 3. Normalized variable versus normalized length with
countercurrent flow pattern : Mole fraction of CH, in feed
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A : Effective membrane area [mz]
d . Effective thickness of skin layer [m]
K : Dimensionless constant
K, : Dimensionless constant
l : Active length of hollow fiber [m]
L, : Total length of hollow fiber [m]
I : Dimensionless length of hollow fiber
L : Local feed flow rate [mol/sec]
Ly : Initial feed flow rate to the permeator
[mol/sec]
L : Dimensionless local feed flow rate
14 : Local permeate flow rate [mol/sec]
v : Dimensionless local permeate flow rate
Py . Inlet feed pressure [kPa]
P, : Pressure of feed stream [kPa]
P, : Pressure of permeate stream [kPa]
Q : Permeability coefficient [mol - m/m’ - s - kPa]
T : Local mole fraction of CHs on the feed
side
xy : Mole fraction of CH4 at the feed entry
Y : Local mole fraction of CHs on the per-
meate side
@ : Ideal selectivity
" : Feed pressure ratio
Yo : Permeate pressure ratio
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