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Experimental investigation of effects of ceramic membrane
channels on flux and optimization with CFD

PENG Wenbo, QI Hong, LI Weixing, XING Weihong, XU Nanping
(Membrane Science and Technology Research Center, State Key Laboratory of Materials-Oriented Chemical
Engineering, Nanjing University of Technology, Nanjing 210009, Jiangsu, China) ’

Abstract: There are three effects in the ceramic membrane filtration process, wall thickness effect,
interfering effect, sheltering effect, and these effects are validated by experiments. When mean pore size of
membrane is less than 200 nm, flow by volume is increased by enhancing loading density. When mean pore
size of membrane is more than 500 nm, the contribution of middle channel to the total pure water flux
(PWF) of ceramic membranes can be neglected, and it is no use to enhance loading density. It is assumed
that the diameter of membrane module was unchanged, and defined channel diameter a., thickness of the
wall a.», and set a as the ratio of a. and a,. The relationship between flux, flow, mean pore size and « was

acquired by numerical simulation with CFD software.
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JUMAN A HE iR, B, ZHEHEU AP ST 4
Z0, HATR MW SHLMEE T EEETAES
HE (WFEEEE WA, £H pal ARLE™H
RN 19 BB, %£E CeraMem A &4
H 142 mm, K 864 mm Hy ¥ kPR B, B
BUARIT 10.7 m*, ¥E K Tami 28] 4 7 AR 4
ERIEAR BT L R, RXRET W &EEYE
BUARILL, BN EEMERAET AR MERILR.
LHRAEFETWRER, HFEMRRE 7, 19,
37, 61 W%,

HBE R S1% (computational fluid dynamics,
CFD) RGBS BRis 17 4 72 o 45 F I JU £33
RE. EILFER, ¥ CFD ﬁﬁﬁﬁ?&%ﬁ:\%ﬁﬂ%
B EA AR R, EW TR IS E EE
RAEWHESN, — B3 BosailE, =
S X Mg RE B T {4 A0 4 4 B AR R iR, {H X R A
CFD A M & BT 4 A R I E R >, &
X HE T S5 4 4T e B st U BB O 2 1A A B
KR, FEX M & B M B 3547 CFD 4k, %
AH BRI & DL R BERERE, #E Tl
BH IR R R, kW& A =42 R 47 .

1 LR

RA4iK (BFFE< ps e cm™) HAFETE
MR LB &, BAESKMEN. BE 20C, &
73 101. 325 kPa, MEHEWME R 3 m=-s', DI7HIE
CEHFLAR 3 pm) KB, RAEEEEMF R, K
HEEHE. VE, ERTHESEEZEYHE
KA. ERPHHIMET 26 FIEAFAATHEE
EgiKEE, 7 BHEREBEILMRToxE 1 Fin,
ZiKE R LRI E 2 Fin,

®1 TEHERREONLGRT

Table 1 Geometry size of 7-channel ceramic membrane

Diamet Di A 1
ameter thickness ameter Length rea Volume Ratio of
of of of of of )
aj
channel, © membrane membrane membrane membrane rea to
channel, volume
ac element element  element  element
Ay /m~1
/mm /mm /mm /m? /md
/mm
6.6 3.05 32 1000 0. 145 0. 0008 181

2 HREW®K

21 7THREZEANBEMEXR
PR 2 PR L FAGRS 2, B4R L

2 THERERE CFHE3 pm) BATHAKER
Table 2 Pure water flux(PWF)of 7-channel ceramic
membrane with different configurations

(3pm mean pore size)

No. Configuration /LF{O}V:H No. Configuration /LF{O}V:H
(o]e) (212
1 000 726 14 o®O0 475
(e]e) (0]
(o]e) (212
2 o®0 717 15 Q0 407
(e]e) (e]e)
@] 2]
3 OO®O 685 16 O®O® 538
(e]e) ®0
®O 21
4 o] - Yo 655 17 R0 411
(e]e) (e]e)
(:1:2) (212
5 000 589 18 000 541
(e]e) D
R0 *®
6 oo® 612 19 (o]e) 4 435
(e]e) ®0
(@] 2]
7 OO®O 641 20 ®O®® 316
®0 (0]
Q0 (213
8 (o] Yo 602 21 LYo Xsg 356
(0] (e]e)
)
9 (o] Yo} 585 22 O®®®® 368
(e]e) Q0
Q0 (2]e)
10 o1 592 23 RS 383
(e]e) (o]
11 O®O®® 487 24 ®®O®® 198
(0]e) D
(213 2]
12 [e]eYeo) 538 25 ®®®® 237
(o] (o]
=]e) Q®
13 oo 565 26 LLXy 0
®0 D

Note; Symbol of fork (®) represents blocked channel.
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MR EEEEEIX — A, LA 24 f125 7]
LIRE, RLEEMLERENTRA-MEER
ReEE, X RE N A —AE TE BB 5 B
AN, BEMESEN, A7 —NMEENLHEES
RKFHOLEENLEHER, RXFHFARH “BEK
M7, HKEZEEBERESG &5, RIEFmTR
WMV ERER R MR RS EER, HEER
21, 22 FI 23 MR RITH A B FEE, HEEL
HRGFAER, IERFANEEHGMLESA—H, &
BALEEMES, RXMHIARA “FHREN". A
RELLRBL, WEEIPEMK, TR, B
R 14, 15, 16 RBIFEFEATH 3 MEE, LHE
ZHRIERMBL, HE 16 WABERERK. LLEMAR
17, 18, 19, MR 18 MALBERE K., NP AL
WEXRR, EE “FHREN” MK, LEEEX,
WL Eadr, TLUGES BB, “BEE
1.00
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= 6.00x10™! {/f {1’ . : \\ B
5.00x107! : Cl S
B 4.00x10! ‘I‘\" S » "‘i""/“

(a)

1.00
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Boooxiot | Ll
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aooxi0 [0 s
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ooxiot L “
1 Y T
1.00x10 L

(c)

BN, “THBA” KBERE 26 FrEEA A A4 HE
WER. YEEEEMEAN, n EHENEERIE
BEZIEHA o BAEICBR B AT IR ER.
XEZEEHHEHAR, X—FAE&H THEEZME
3 FRRRL AR TE T RE M
2.2 BES5EEHEMMA CFDitH

HHE Darcy 2, ® M CFD # {4+ 4 Fluent
BETTUEETBEEAREEEEFNTH 7 EE
MEE (EHFLE 3 um) THEBEN M EHE
JisrA. BESMA (B D, #HMiHEEARFEREY
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Fig. 1 Distribution of pressure and velocity vectors of ceramic membranes

with different configuration (3um mean pore size)
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AN, BT F LA 3 A K sh B g bR, oL
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SATHEEE DR E S, WP AL H PO E
TH B2 5 R AR R B 6 B T S R R B/ ME
£, X5LBERE-BW. A1 (o XREHHA
— N EER AR E R E A, e 1 A R
EAERDN, ITRBHBERERSRD. B
1 () RrAHEA-NEENBE EWEESME,
MR BT E—AEEREH, W/NT R
BN, POEEAX —M EE TBERE.

FKIRLEHPEALFTR 1A 3 HLKER
TRMESHABENLE, ANPAIUEL, LRHES
HEMY SR, FH CFD R4 #1744k E B
AT AR EM.

R3 AHNAURERAKERIRESITHEHBENLLR
Table 3 Comparison of PWF between experimental

and simulated data

Configuration of Flow of experiment  Flow of simulation  Error

Table 2 /L+h™! /L«h1 /%
1 726 771 6. 20
3 685 705 2. 92

Note; Operating pressure is 101. 325 kPa.
2.3 7@EEMRBRMEIT

SEEBEISMMMBFE, FH CFD X 78
EH R AT AR, B TR AR R 32
mm, REFEERSREENLAIXER, RkBHE
Rk, A TR, ACEENEN o, A
AEBEHESEE. BESEENESHEEN ., B
HEBRN a., ME 2R, WE a. 5 an BIHLER
a, a T UTE—~EHEAER, —BRESTZRIE
LB NAKRE.

B2 7EEMEREERERE
Fig. 2 Schematic diagram of 7-channel

ceramic membrane
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B3 REET7BEHEBENEEERNITHEE
Fig. 3 Simulated PFW of 7-channel ceramic

membrane with different a
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B4 AEET 7 EEEEBENLERYTEME
Fig.4 Simulated flow of 7-channel ceramic

membrane with different

B 3 RAA o HT, 5SFILEK 7@ ERE
Brpz@EBWItAEME. KNE3SHaTLIEY, BE
LR KRB EBREKR, XEHTHEAZHHEKX
BEBIIBN. BT 3 em LEKHEE, HH o
HEEK, BEERLB/NEHAR. HaEN 13
RE 150, EEEREREA, BB EHEARE
M, BB AR, BR RN
BT, HEBESEER “THREML” WKT,
FTLAE UL IR RO AR, BRMEK. o EHM 1.5
WAE 3 af, “BEREMM” WBNMEERT ‘T
RMRL” WKW, EHREE RS, B8
K. Bk, F 3 pm fLEKE, o HBKXBE,
MR & m, BEERBKERSEBYLE, WF
500 nm FLEZMI M B, FEE o« HEE R, BEE
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BB EHE K, FER 3 um f{LEKW WG EE—
B, Yo dW2EL8, SJHERAEEK. BER
Ao XFF 200, 50 nm FLRII KR, BEE « HE
WK, BEERB/D, “THRSN” BT “BEE
M, HEEERME. F 20 nm fLIEWHEE
B, BEE o« HW K, BBHEREANE, XER
Ftuget, BEMH I MED AR L, BERA
BZRXMBBEMIEZWAK, “BEEHN”. “TH
BN BT, DN A E B BE o [HAE L A4k
RN,

B4 RAAR EHT, 5FARN 7 EHEEE
FER AL ER BT BAE . B AL B O BEGH B 5 I |
FRM, MEBRLSE R, AHEEHK, XEH
FEEEBEHK; o« HXFLEKTF 500 nm W
MR, BEEILEEE /AN, o HWEmBN, o E
BA, RABEERWA, BEERmBEHLA, WaH
AWK, HHEE AN KRS T IEAT IR
%, HIEWRBESHAK, FEER 7L, FHi
GHEFZRENSEEEMAMERLAER, ERIT
Bf, XF 3 pm LRI, o [H7E M THREHT &
KEEF., *TF 500 nm FLERE « (HEL 3, X 200 nm
A« HE 2.5, XF 50, 20 nm FLEEWIE « H
B2RE,

3 # ®

(D BEIFEILLRLE R, BT BB
FEAE 3 PSRy . BEEAR . TN . MRS .
R CFDHE, #3ahk 1. #EGHHE
LIERET 3 BB TR,

(2) W CFD BT U EARRFLIE KT E
RBREJLMERR . F 3 um FLEKE, o H
HEMTARH TRARE. X F 500 nm FLIZHE o
{HE 3, %200 nm fLERRE o« (HEL 2.5, ST FFLRBE/NS
F 50 nm M o« (HEL 2 HH .

(3) CFD 4 B fb i S g A i
—MEHNTH.
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