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Table 1 Comparison of characteristics between ultra-thin plate membrane and traditional plate membrane
JRZE R PWEE/(m*m”)  BITRA BREE/mm ek R RE SRS
AP 55 =i 5~7 7 o
T 90 i 1.2 b P

Ti] IV ] 3] TR 0 0 A PO 255 e TR A0 o AN, K B 9% oK 8. 43 25 i A ] W A o T 19 S 3 285 4
A B R LA R 65 1o R T RRUARE 26

AW 5T K CFD Fluent 814, DL g B A 90 4 o A0 700 19 AR I8 0 7 = e B BBl P98 T
T A B MBR 7E AN [5) B8 R4 M N B9 IS Qe AT A ML, A B TR R TR IR RO (1001, 1501,
20:1) T, A B I A R B T DA B B B s R, e AR R R R T A R SR L AR T
AR AR BN DL FEIX . e, S R T AR S MBR 2 T 1 dR UL R ORI, DU RS T
T FE 23 28 5P M MBR A1 Ak 43 B R 72
1 BUNREHEE
1.1 R R

A 5 18 HOHE 7 AR B MBR FE B 5E X5 4 B R 25k & 1 s . Horb, Bk 64 A
FE TG A R, B A WSO 1 38 A A W 2 B R S P E] R A s, RSE D 250 mmx250 mm,
7 mm ()R] B OECE . #E HR MBR BETFRSE 1 b AL LA RS R %K 500 mm,  FEFE 250 mm,
JE 1070 mm, VAR ARGEE I M . @E I KET N x. y. z RS AR R . EREHERIET
HAi— R ERE R 32 mm, KEEH 500 mm BYBESAE . HBEAE ISR K 320 mm, BARALE
5 mm, [EEE 50 mm A 35K A FESORN #5F INAN sl , 15 RN g A Bl K R SE A 1000 mmx
500 mmx1 700 mm,

250 mm

250 mm 1.2 mm

(a) 25 F (b) BB TR (c) A BILIFLE

B 1 RS REEE
Fig. 1 Structure diagram of simulation object
1.2 HEHERLDFFH
CFD 400 f4) B A J5t P2 i 2o iy 0y W fg S S AR B itk 0 A AL % I A b (08 FH 5 3 ) B30 12
R — AR IR . T H R BRI A AS T ARHT, AR 75 A8 2 A5 748 7 R A K i U A A
W,



54 RJKAESS : 22T CFDREMF BB MBRIA AL A AL 734 1229

B, B BeA B EXS RN AT B, R R LR SRR | Sh SRR L R
7 REAE N B EEAR ST AR T R AN, i T R GUAL T TR A 4 B e A A A [ 400 B YR A R
ER, Wtie 2 r o sria g . a8 st (), shEspEh LA (2), R ETEL
X G3), A FETEILK @),

%+8iui(pu,-)=0 O
g[(pui)+aixj(puiuj)= %(ﬂ%)‘%*‘ﬂgi )
a% = (pc,T) + aix,- (pcpu,T):a% (ﬂg—;) +w O (3)

K. p B, kgm™; w A i M FHHEERE, sy B, s; w50 i MTE B 2055
x 7 Ry W RN RE p MR pgh BB R E I, PSR ER A S i AR T 32 Ak
I TR ; o BILIE; A RISEER, wo b IGE, Ky YOS i Ml s my R i 48 DR
VECREE, m’s™ won 4o m iR a8

Hoyk, B PRAELRY S B4 o A58 A CED Fluent 4% /4 % MBR 1 fij b J5 1) O IR &
WU AT BUE AL . T ER R & ) (BEURE T R ECH 0.5), HLJT (universal-drag £ 7). T
71 (Tomiyama BE%) | Ji i 9 # (burns-et-al LAY | Jifi 37t 58 H. (Sato LYY 75 PN SR A BIAE ] 1, %
B KN A% ROAE 7 2 IR S AR TE B e TR B A A S i AR EE A R O, BEFE RNG k-¢ it
DI ABE Y DL TG bl % e AR 3l AR PARAE I 1 B s, CIE B Eulerian 22 AH A5 A SR AT G BE
TR, BRI B, 2505

¥ MBR JIE PRS0 0 R A H, PSR EA N S mm, TR ARG O, BE
AT AR T AV AMGR B A VPR 5 5 R R BB O ol R G /N T RN A N RO SR, R I
Fie AN A] 2 05 BE T AL B 5 KR FIR ST S50 5% 1 1 0 AR I U0, SR AP s 0 s 7 g G T %)~ 349 9 i B 3
H BRI R 2E T, RIS E R .

B, e RSO I T A R 4y . A
¢, B TR H B9 Eulerian #5512 18 T £ 1ji A
AR, X A ST e okl BRI, R g
TR AN RO B A LA/ s R AR
WL 2 7, 4 3 R e ot 2 7 T A 0T 530 35
DA% FE TR A A B R T A R 88%10°
A o RN 43 i AT DL ORI B a2 A R
dEmga AR AT R A TR, AR TR
VA ARSI Pl SR B . AESL AL, R
IRAF ARG HE R TH R 25 R, X MBR J b 8% M

g U DB AT RS i (P 3). TE AT 4 v i B2 MBRiHEE R ML
B 2 Hp g R DX AR HEAT R 4, R R 2 1] Fig. 2 Calculation domain and grid division of MBR

A TRIEEAY 7 mm, - [R)RESR 7 1 A ) 23 05 5



1230 How TR % W 16 %

1.3 RULRNSHTEE

D WG Hre EEI BV AR A T Y
L o> A IR T 20 A AT A AU T
Bt Xt A [a] 23 B 1 B ACBOAS () 7 8 1 A o ol i
B IAS B SR AR UK B A 0F R 45 2R
P, X LS 0oz 2 HR AN [ B A 8 JEE T e
18 D0 B ARG X o PEARAIE o

2) BTG G o Hr o INZEWL . ROMLAR 45 & B £
JEE U0 6T J5E T 5 70 g 3 A1 e R T AR T RRARE AR
1 VRSB b o TEROWA B, 2 B ROk 9
KLY 321, B 1 i A4 BE 3 ol JBOAE JBE o) T 1o i85k
EAERS , 15 (5) % W1 0K 55 1816 49 1 1 - B /ARCREERERRN®
S N e R R £ R S Fig. 3 / Grid encryption of MBR and aeration pipe area
REAIIURL B 5 0375 S 47 B U A R T T B
Y FORE T 32 3 % 28 BT ) A g 5 A g R T Y

V4

YEF I AHAER, MIGEAS & AR BT DR, BRI ’
SRS I S B U (%) 1 B% B Ok 3
I S1EL
J=Jou=Jg+Js+J; ) z
S J ORI A, L h) s Sl 4 BRAXEMELS
ﬁ-ﬂk?ﬁ??ﬂ’\]%ﬁ*ﬁfﬁ@ﬁﬁ, L'(mz'h)_l; JBﬂEI?ﬁ Fig. 4 Grid division of the diaphragm area
I EGEE, L (m>h)™; SO YNESYEGE R, L m>h) SO E T Vel S, L(m®h)
FERURLY BT A R v, ABURCRLAR ZN T 1 pm 893 FEOK B0 %) 12 A2 AL DU AT B 800 o 3=,

Foilf FURZS T B9 HGE B AR X (6) I15 o (EAT R Y™ BIURE BRI, 1 00k 7 UL AN 85 99 VIR 25 1F R
(o Il s BE 7, PR 5 E i SR 25 A B U075 5 9 1 2 WL (7). i1 T Davis Al Sherwood $ i
BTUNF U B MRAS TR BRSPS D ALEI Y Bk, AR AR R
#3(8) 5.

T2\
J=0.185 2% (6)
n;a? Loy,
4 12
Js = 0.072yw(62—2“) %)
34,2
JI=0.036pf‘;% ®)

by IR, s oNBURE B, 138x10 P kgmis 2y TRHARREE, K n ki g,
Pacs; oMWW, my LABKEE, m; oo W, kem™; @ 0 BURLEIE D2 2 4 00 i B
B, @ BORLE B R WO TR, T L R vk 22 A IR T
L PR, ABFFO P S IBEAY MBR, AR E (X (9)) 2 /7% I 7 IWURLIT AL 21241
7 ©)
J+J.

R S B At 5 S, BN e R AT RN 35 <J B, BORUUBUEREN; R




54 RJKAESS : 22T CFDREMF BB MBRIA AL A AL 734 1231

Z, WREB SR ERNT S T iz ©) /TR, E=05KG5E, [ E<05H, E{HS
/N, TR AZ 5 G i) REVE BN
2 EMERSHATHR

20 REBFENDBERES BN

W s przs, 763 R TO0T , W R B2 g AN [R] iy JRE R A AT A4 O 3 o A iR A T Y
Pl H 8 20 s R 28 XL T8 K o Rl — R BER T R O B R A K, R A e
WO ZSCR T, A DU R A A o A R DX, AR AN O, IR Y A | T
RARSD, OO HME R A B e A, SO R IR P R A B SR A PG, R
A9 T Y SR 3 T K R W Bl e P B A TR, (AT A AR R A A
S BEM AN, XA SOK FE AR BT AT, Al LU AR SOK B A A P O S
A S ML/ o

&/ (m-s™") B /(m s
0.829

l 0.746
0.663

0.580 _é‘—»
———

0.497

0414
A
0.332

0.246

0.166
I 0.083
0

(a) 10:1 (b) 15:1 (¢) 20:1

E S AESKEEFGTHRMFESERES S
Fig. 5 Velocity distribution in cross section of reactor at different gas-water ratio
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Fig. 6 Velocity distribution in longitudinal section of reactor at different gas-water ratio (hight direction)
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Fig. 8 Velocity distribution between diaphragms at different gas-water ratios
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Fig. 10  Shear force distribution on membrane surface at different air-water ratio
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Abstract With the wide application of MBR, the problem of high operating cost caused by membrane fouling
is becoming more and more prominent. Therefore, optimizing the aeration-conditions of new flat membrane
MBR has become a research hot spot. In this study, the CFD Fluent software was used to simulate the high-
quality flow pattern of the ultra-thin flat membrane MBR combined with the multi-phase flow model and the
turbulence model. The membrane surface shear force was quantified, and the MBR operation at three gas-water
ratios (10:1, 15:1 and 20:1) was optimized and analyzed from the perspectives of flow field and membrane
fouling, so as to select the optimal gas to water ratio of the ultra-thin flat membrane MBR. The results show that
the flow velocity distribution between the membranes presented an uneven characteristic of large in the middle
and small in both sides, and the shear force distribution on a single membrane surface was closely related to the
flow pattern characteristics of MBR. The deposition probability of particles on the membrane surface was
negatively correlated with the mean shear force. The flow field distribution characteristics under different
aeration conditions with 0.1 m-s™' critical flow rate were compared. Considering the aeration energy
consumption and membrane surface erosion, the optimal gas-water ratio was determined as 15:1 among above
three ratios.

Keywords membrane bioreactor; computational fluid dynamics; new flat membrane; membrane stack; flow

simulation; aeration optimization
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