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Abstract — A theoretical analysis was carried out to examine the concentration behavior of methane from a biogas
using a polysulfone membrane. After the governing equations were derived for the cocurrent flow mode in a membrane
module, the coupled nonlinear differential equations were numerically solved with the Compaq Visual Fortran 6.6 software. At
the typical operating condition of mole fraction of 0.7 in a feed stream, the mole fraction of methane in the retentate
increased to 0.76 while the normalized retentate flow rate to the feed flow rate decreased from 1 to 0.79. When either the
mole fraction of methane in a feed increased or the pressure of the feed stream increased, the methane mole fraction in
the retentate increased. On the other hand, it was found that as either the membrane area decreased or the ratio of the per-
meate pressure to the feed pressure increased, the methane mole fraction in the retentate decreased. In case that the stage cut
increased, the methane mole fraction in the retentate increased while the recovery of methane slightly decreased.
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Fig. 1. A flow configuration for cocurrent flow.
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Table 1. Characteristics of polysulfone hollow fiber module

Variables Conditions
Hollow fiber O. D. (um) 400
Hollow fiber I. D. (um) 200
Effective thickness (1m) 1.0
Number of hollow fibers 3800
Effective length (m) 0.36
Effective membrane area (m?) 1.72
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Table 2. Operating condition for numerical analysis
Variables Conditions
Mole of methane in feed stream 0.5~0.90
Flow rate of feed stream (L/min) 10~100
Area of hollow fiber membrane module (m?) 1.12~2.26

20.265~101.325
202.65~1,114.575

Permeate pressure (kPa)
Feed pressure (kPa)
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Nomenclatures

: Effective membrane area [m?]

: Inside diameter of hollow fiber [pum]

: Log mean diameter of hollow fiber [pum]

: Constant defined in eqn. (7)

: Constant defined in eqn. (8)

: Active length of hollow fiber [m]

: Total length of hollow fiber [m]

: Dimensionless length of hollow fiber defined in eqn. (4)

: Local feed molar flow rate [mol/min]

: Fresh feed molar flow rate to the permeator [mol/min]

: Dimensionless local feed molar flow rate defined in eqn. (6)

: Inlet feed pressure [kPa]

: Pressure of feed stream [kPa]

: Pressure of permeate stream [kPa]

: Gas constant [cm?-kPa/mol K]

: Permeability of CO, through membrane [mol/m?-sec-Pa]

: Permeability of CH, through membrane [mol/m?-sec-Pa]

: Absolute temperature [K]

: Local permeate molar flow rate [mol/min]

: Fresh permeate molar flow rate [mol/min]

: Dimensionless local permeate molar flow rate defined in
eqn. (5)

: Mole fraction of CH, in the feed

: Mole fraction of CH, at the feed entry

: Mole fraction of CH, in the permeate

: Mole fraction of CH, at the permeate entry

Greek Letters

o
"1

T2
My

: Ideal selectivity defined in eqn. (1)
: Pressure ratio defined in eqn. (2)
: Pressure ratio defined in eqn. (3)

: Gas mixture viscosity [Pa-sec]
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: Ratio of the circumference of a circle to its diameter
: Recovery of CH, defined in eqn. (20)
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