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CFD modeling of permeate processin 19-channel
porous ceramic membranes

PENG Wenbo , QI Hong, CHEN Gangling, ZOU Lining, XING Weihong , XU Nanping
(Membrane Science and Technology Research Center , Nanjing University
of Technology , Nanjing 210009, Jiangsu, China)

Abstract: Based on Darcy’ slaw , a CFD model of permeate processin 19-channel ceramic membrane was
established The pure water flux (PWF) of ceramic membranes was predicted by the CFD model with the
finite volume method By using this method, the smulated PWF of 19-channel ceramic membrane was in
good agreement with experimental results The contributions of each channel to the total PWF of 19
channel ceramic membranes depended on the mean pore sze of membrane as well ason the distance of the
channel from the membrane outer surface CFD modeling is an essential tool in desgning the configuration
of ceramic membrane.
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1
Table1l Parametersused in simulation

Particle sze of Particle sze of Particle sze of
membrane 1 membrane 2 membrane 3
/M m /M m /M m

Diameter of 19-channel Inner diameter of Porosty Particle sze of
/ mm channel/ mm ! % support/J m

32 2 35 25 2 05 0 15
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Fig 3 Pressure distribution of ceramic
membranes with varied mean pore size

G8um 02
1 26

3Um
50 nm, 1-1
31

) 3Um
31 312

21 26

4 (a)
21 26 ,

8.00x10™ .
7.47x107 X
693x10”" :‘,»:.‘f NN LA
6.40x10" M1 e Xy s
587x10" B - i =1
5.33%10 AT N
4.80x10 — B . ]
427x10 =, =

373%107 = E R -

3.20x10 . _
2.67x10 % A A

1.60x10 ‘, 2 { 1\
Yy A\

1.07x10 . R NS | NI
3 77k N A :

s3x0” | 7/ | W) P
0 1$ W

2.13x10” { — 3 27 —y

(a) 3 pm (support)

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

3.00x107
280x107" /
260x10” A" | AL
240x10” Wi A Ay
220%107° IR A T o

2.00%10” P

1.80x10” il AP 4L

) X -
1.60x10 e AN L LB Ve
1.40x10™° S 8 5 C% Fass
120x107" + ‘
1.00x10™* ERAN . ! "{ &'
8.00x10™* <l vt 2] = AU
6.00x10™
4.00x10™ 3 A

. 3 j Xy <P

.
== . 4
My
-

2.00x10™ Lx

0

150107 . .
1.40x10°° \“i‘
130x107 ; 20
1.20%107 AN - PN
1.10x107 AN S Ty R
1.00x10” Nav 7

9.00x10™* = SN =t A, =
8.00x10™* = EXIALA S S,
7.00x10™ T = e = Re=ET
6.00x10™ A g O AR T =
5.00x10 S A T TSN
4.00x10™ Sl Z¢ ; 3 Taxh 5
3.00x10™ 7 - e\ 240 A PASY . 3y

-4 " = r = ik
2.00x10 " A i RN
100x107* | /] ATV SR

- LT ALY

0

8.00x10™* ) ire.
747x10™ ANURY Ok 4,
6.93x10°* X VLI
64010 ' A A AT
587x10™

5.33x10"

4.80x10™

427310 R

3.73x10™

320x107

267x107"

2.13x107™ - ;

1.60x107 VT AL Tk
Lorxio™ 3 Vel TN

s J Nl o\ X :'.
533x10 T L0 TN K

0 z p IR dN

(d) 50 nm

4 4
Fig 4 Veocity vectors diagram of ceramic
membranes with varied mean pore size

31 312 12 ;
[ 4 (b)

(d)], 19 11 21 26 7

http: //mwww.cnki.net



: 19 CFD - 2025 -
2 3Um 0.8um 02 50 nm ,
Mm 50 nm 19
) 2 ) 32
) ) 19
CFD , )
2 4 1 1
1 5
Table 2 Comparison of PWF between experimental \ 3Uum 0 8Um
and simulated data 1_1 2_1 2_6
Mean pore sze PWF of PWF of Error 7 ,
of 19-channel experiment smulation /%
M m /L-m2 ht JL-m2 ht 0 3 , ,
3 4450 4636 418
0.8 2410 2630 9 13
0 2 985 1028 4. 37 ( )
0. 05 532 488 8 27 ¢
Note: operating pressure is 101 325 kPa.
5 4
19 1 L}
34m , 1-1
2-1 26 ,
, 31 312
, Dolecek "
33U m 50 nm,
1-1 0 345%,
21 2-6 0. 054 %
4 1%, 31 312
8 3% 6. 0%
) 5 nm
) 024 m
10
9
8 LR R B 2 (o)
2 7 A A 4 &4 A 4 a4 4 A s s
% 6t . e B 8 b b e e ¢
2 5
.g 4 * o ¢ o ® 9 . 3um
8 3 A A A A A a * O'SHm
2 s« 0.2pum
« 50 nm
l * & B w4
0 -------- " 1
~ 0 D~
INVTILEIRITLEIISTE
19 channels G
5 19 6

Fig 5 Contribution of single channel at different
dte to total PWF of ceramic membranes

Fig 6 Section of ceramic membranes
with different configurations
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Table 3 Comparison of PWF between ceramic
membranes with different configurations
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