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Abstract— Analytical results are presented for flow through a porous membrane in the range of pore size which is
of comparable magnitude as the mean free path of the fluid molecules. In the present work, we consider a transfer
mechanism of combined Knudsen diffusion, slip flow, and viscous capillary flow through a porous flat membrane
governed by Brinkman's equation. The theory shows that as the total pressure of the system increases the Knudsen dif-
fusion and slip flow become negligibly small, and that the dominant viscous flow reduces to a Poiseuillian in the limit
of large permeability. In addition, as a model of counter-current (or cocurrent) separator module, flow behaviors
through a porous hollow-fiber membrane are also analyzed to determine the relationship between the pressure varia-
tion and the permeation velocity through the porous membrane.
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Fig. 1. Illustration of tortuous flow path through
a porous membrane.
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Fig. 2. Ratio of the true flow to the Poisseuille
flow as a function of the average pressure.
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Fig. 3. Capillary tube (hollow-fiber) model of po-
rous medium.
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NOMENCLATURE

a : inner radius of hollow fiber

b : outer radius of hollow fiber

D, : mean pore diameter (=2r,)

' : modified Bessel function

j . total flux

i : flux by capillary flow

Kp : proportionality constant of pressure varia-

tion

Kpp  : proportionality constant of penetration velo-
city

: pore length

. length of hollow fiber

: maximum allowable length of hollow fiber

o~~~

Q

M : Molecular weight

AP . pressure drop (P,-P,,)

P, : pressure at z =0 outside of hollow-fiber

VP  : pressure gradient

P . mean pressure

P‘(XP) . probability distribution of wall-molecular
collision

Q . volume flow rate at the entrance of hollow fi-
ber

R : gas constant

T, : mean pore radius
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. temperature

. velocity of fluid

: permeation velocity

: radial component of velocity u
: average molecule velocities

: axial component of velocity u

Greek Letters

3.

a.

: porosity

: viscosity

. effective viscosity
: permeability

: mean free path
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