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Abstract—The concentration polarization effects for the ethanol : water=95 : 5 solution were calulated theo-
retically in terms of the solute concentrations on the membrane wall, intrinsic separation factors and the
real permeation rates by the modified Film model for the plate-and-frame type pervaporation module. In
order to calculate the concentration polarization effects, the variations of channel height, permeability, separa-
tion factor, and feed flow rate were considered. In the case of the laminar flow to the module, it would
be better that the channel height is lower and the feed flow rate faster, and the operating temperature
higher .to decrease the concentration polarization degree. And also, in case where the separation factor is
high enbugh, it would affect the concentration polarization phenomena. The permeability 1kg/m?hr which
could be the flux of the present commercialized module, results in no effect on the concentration polarization
phenomena. For the turbulent flow, the concentration polarization effects were slightly better.
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Fig. 1. Schematic diagram of (a) the module structure and
(b) the concentration polarization phenomena on
the membrane surface.
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Table 1. Mass transfer laws for the calculation of the
mass transfer coefficients

Mass transfer laws Re= GV
. v
for forced convection
v
Sc=—
D
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Sh= k—g- = (3.663 +161°xRe  Aminar
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Fig. 2. Effect of channel geometry and Reynolds number
on concentration polarization for laminar flow
(Ethanol : Water=95 : 5, separation factor=500,
flux=0.12 kg/m*hr, T=70°C).
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Fig. 3. Effect of channel geometry and Reynolds number
on wall concentration of ethanol for laminar flow
(Ethanol : Water=95 : 5, separation factor=500,
flux=90.12 kg/mthr, T=70°C).
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Fig. 4. Effect of separation factor on wall concentration
of ethanol with varying flux for laminar flow(Etha-
nol : Water=95 : 5, T=70°C, Reynolds number=
1000, d,/L=0.014).
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Fig. 5. Effect of flux on intrinsic separation factor with
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nol : Water=95 : 5, T=70°C, Reynolds number=
1000, d,/L=0.014).

100
801 5
-
X
4
= 4
£ 4
& >
g 60 7ot
=) 74
x 4
%
2
—é; 40
< ———=  Separation factor = 500
"""""" Separation factor 2000
20 .
e Separation facior = 5000
— === Separation factor = 10000
0 T T T —T T
0 20 40 60 80 100 120
Apparent flux (kg/m2hr)

Fig. 6. Relationship between apparent flux and actual flux
with varying separation factor for laminar flow

(Ethanol : Water=95:5,T=

ber= 1000, d,/L=0.014).

# alek

R 77@—% =E5
Ao} dxse AHE
oA BoF
A7 TR
Fig. 62 A %38

Haraya

70°C, Reynolds num-

sl2]e A9
olgHeog Aided A

7} AsEE & e

Agith o] A% kAo 2™
Zo] A9 X5 channel FolE i
assE 29 571 ok
wWAshAA Qg oA Jof

A TR (actual flux) ol St s 5 dibe

gulgke Foeksl ghaol dstel Mo

slet. =t

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



o
762 A5
0.2
&
<
5
S
©
N
=
3
& 014
[ -4
o
=
g
<
8
c
(=]
[&]
0.0 T T T T T
4] 10000 20000 30000 40000 50000 60000

Reynolds number (Re no.)

Fig. 7. Effect of Reynolds number and channel height d,
on concentration polarization for turbulent flow at
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Fig. 8. Effect of Reynolds number and channel height d,
on wall concentration of ethanol for turbulent flow
at T="70°C(Ethanol ; Water=95 : 5, separation
factor=5000, flux=10 kg/m?hr).
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Fig. 9. Effect of Reynolds number and channel height d,
on concentration polarization for turbulent flow at
T=280°C(Ethanol : Water=95 : 5, separation fac-
tor=5000, flux=10 kg/m’hr).
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Fig. 10. Effect of Reynolds number and channel height
d, on intrinsic separation factor for turbulent flow
at T=80°C(Ethanol : Water=95: 5, separation
factor=5000, flux=10 kg/m’hr).
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