To the Editor:

The purpose of this letter is to comment
on the mass-transfer model used by Zhang
et al.' in their article entitled “Modeling
of CO, mass transport across a hollow
fiber membrane reactor filled with immo-
bilized enzyme”. To model mass transfer
in the lumen side of a hollow-fiber, the
authors explicitly assume that (1) diffusion
along the axial direction is negligible, and
(2) gas flow inside the hollow fiber is lam-
inar and incompressible. Under these
assumptions, the equation of continuity of
CO, reads at steady state
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where v, = 2U[1 — (r/R)*] is the parabolic
velocity distribution, and U is the average
flow velocity. Equation 1 is subject to the
following boundary conditions’
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In terms of dimensionless variables C*
= (C — CHIC; — Cp), 1F = I/Rf and
¥ =zDg/. URZ, the solution given by
Zhang et al.' may be written as follows
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where the eigenvalues /,, are roots of
the following equation

InD oI (2) = KovReJo(Zn).  (6)
We would like to point out that Eq. 5 is
inconsistent with the laminar flow assump-
tion, which mandates a parabolic velocity
distribution for steady flow of a Newtonlan
fluid. Rather, Eq. 5 given by Zhang et al.'
satisfies Eq. 1, and the aforementioned stated
boundary conditions if and only if v, = U,
i.e., for a uniform velocity distribution. The
correct solution of Eq. 1 under the assump-
tions explicitly made by Zhang et al.' is not
Eq. 5, but a solution to the well-known
Graetz problem,” which is expressed in
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Figure 1.
of Ngp, for Ng, = 100.

‘Mixing-cup” average concentration (dimensionless) as a function

terms of Kummer’s confluent hypergeometric function M(a, b, x), as follows®

where the constants {,, are given by

l="

the eigenvalues, y,, are roots of the fol-
lowing equation
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Notation
C CO, concentration, mol/m?
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and Ng, = 2KoyR//D, denotes the Sher-
wood number. Note that the solution to
Eq. 1 subject to the aforementioned
stated boundary conditions is determined
completely by the values of the Sher-
wood and Graetz numbers, the latter
defined as Ng, = 4URJ% zD,. The differ-
ence between Eq. 5 and Eq. 7 can be
significant for sufficiently large values
of Ng;, and Ng.. This is shown in Figure
1, which plots the “mixing-cup” average
concentration for N;. = 100 as a func-
tion of Ny,. Unfortunately, Zhang et al.'
did not report values of the overall mass-
transfer coefficient Ky, so it is difficult
to determine the extent to which conclu-
sions drawn about the specific system
they modeled may have been affected by
their neglect of the velocity distribution.
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C, inlet CO, concentration in the gas feed
fiber, mol/m?
C; = outlet CO, concentration from the sweeper

gas fiber, mol/m3

D, = diffusion coefficient, m?/s

Koy = overall mass-transfer coefficient, m/s
r = radius, m

Ry = fiber radius, m

U = average flow velocity, m/s

axial position, m
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