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Abstract

Membrane Bioreactor (MBR) is a waste-water treatment and recovery technology that combines
biodegradation with efficient membrane separation technology. In actual production process,
membrane fouling will cause membrane permeability and separable irreversible changes. In this
paper, the calculation model of liquid flow in airlift MBR aeration process is constructed by Com-
putational Fluid Dynamics. After testing, the model results in convergence. Then this model was
used to study the effect of the baffle of airlifted MBR on the liquid and membrane shear force in
the membrane module. The flow diagram and the shear force cloud diagram of the two different
membrane module configurations of the standard MBR and the airlift MBR were calculated by
FLUENT software. It was found that the baffle of airlift MBR has accelerated liquid circulation and
improved average shear of the membrane surface. The baffle of the airlift MBR causes the liquid in
the membrane module to circulate around the membrane module, and the circulating liquid not
only increases the flow rate of the liquid in the membrane module, but also forms a large radius
vortex zone on both sides of the membrane module. The average shear force in each area of the
membrane surface is significantly improved. This makes the airlift MBR have advantages that are
not available in the standard MBR in mitigating membrane fouling and improving aeration effi-
ciency.
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1. 5|8

B MBR & — Mo B AU KA B EOR , (ER AF AR IR T A B ORI 2, LA . 3t
VERAR /N T B A T EALATRL T, TG Bl fLAR A /N el 28, S BUBLE B A AT R R (1], HHl
TR AL BT 38 H RS REAE R IR BR <7 kg2 MBR BIRTS 3%, N T IRGEIRTS G LK PR ARE T g
TIFFEN G35 Y AE B NLAs AT BEAAR, R RSt 7 g s TR DX (30 5 RS 2L AP 22 i) g DX 380 A P IX (358 22 Ak
11X 3K), TR T MBR [2]. ASCGEH CFD @RI MBR PB4 7 PARZS #EAT AL, i1
B BEIT TSGR e S A ZE 1 A A A DL SR Tl MBR PR EEY) . RN WETE 1A
7\ MBR 7R/ TS QA BT T A5 FLRENS SGE AR AETC IR MBR AP B F) o &1 AN 4 X 38K 85 11 7 55
Rt oL, JF H AR S <08 MBR BEALAF T35 9) )

2. IRMESE R
2.1. §#3 MBR

AT MBR (W] 1 F71%) A E SR A A 1) ) Bl b, ek 45 S A 4 e 7 2 T R T DX RN A X o 24
RGBT, BRSO OB 2 FLIR AU WAL N TR R S [3 ) AR KB, 0 BT e R, Wik
PUM 5 R4 2% 2 TR TR X P BT, 24U ) B TR S U B BRI R B, M T {8 5B AR A s o 2%
FREIRTL S, R AR AE IR 22 TR S S AR IR BT V), R (R4 IR RS I8 G iR 15 e R [4]

2.2. CFD £ MBR Y

TR /327 (CFD, Computational fluid dynamics)/& #2372 7E B fR fy 27 36t 2 b, O &S ik
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Figure 1. Airlift MBR geometry
1. SF3 MBR JL{A#E

3. HEER SRR S
3.1. JLfTEE

FIFH Fluent FTACERFAF AT JURTABRL S, W R R, HAbsvETC R MBR L1 )R~F A 400
x 500 x 200 mm® (@14 2 fizR), A JH MBR $#5HZ FIFIEEES A 100 mm, B ELFRAETCRIH MBR 44
T —ABERX A 3 FR).

Figure 2. Standard MBR geometry
2. FRETCHMR MBR JLfa]#g3Y
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Figure 3. Airlift MBR geometry
[ 3. 573 MBR JLfaTigE!

3.2. PIARRIST AR R R

KH ICEM CFD 16.0 #AF3EAT R 20 WA L R F g i 5. il o g 2 i E 221 DhRe, s &4 43
R R, Ho—FONgE Mgl sy, BAA RIGIIERY, WA BAT A A6, FH AR
WA s o — RN ARG R A IAE Kl 43, Kl 53285 A 4 25 18] 5L %) = A1 TR0 = 4 2 [) L7 DY T
HAE R RS R B ARG AR . A FRUETC TS MBR BL A ST MBR#B% 45 M4 kA% 1) 20 (14 4
ME 5 FraR) [6].

Figure 4. Standard baffle-free MBR meshing
4. FRAETCHEAR MBR MIAEXI5

Figure 5. Airlift MBR meshing
B 5. SAR MBR Wikl 5>
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Figure 6. Grid quality test report
6. Mg FREWNREE

3.3. Fluent KRR8I+ HE

B K153 () X % (mesh SCAF) TN Fluent 16.0 H, FJH] check DRI AL AL, SH{RIUETHE 4
PIAERRTE, WA B IMARR DA 2009 TEAE, W&l 7 B .

®x-coordinate: min (m) = 0.000000e+08, max (m) = 4.000000e+061
y-coordinate: min (m) = 0.000000e+88, max (m) = 5.000000e+061
z-coordinate: min (m) = 0.000000e+08, max (m) = 4.000000e+01
Uolume statistics:
minimum volume {m3): 1.629759%9e+04
maximum volume {(m3): 2.370991e+04
total volume (m3): 8.000000e+04
Face area statistics:
minimum face area (m2): 4.074398e+02
maximum face area (m2): 1.18429@e+03
Checking mesh. . ... eeniienininanannns
Done.

Figure 7. Grid quality check results
7. MERENELSR

TEXT A AT R EAR E SE R S, X SRIAAR S HU UL T e :

1) General #5 s 1% 548 F Ik 77 B SR 2%

2) model B4 17 s £ Z AR Y o

3) f£ materials 5 5 HE KA ATRAEI KL

4) ff boundary condition B 7 s HL 1% B B By BN A AR NN CHA A4, | i A A v e
5.

5) MBR P {Il| BE T 52 8 O JC I RS RETT,  $AAR B E N TR B RE T

7E Fluent 3R 254 4 FhR R AR AR5 SIMPLE. SIMLEC. PISO M1 Coupled, X% fEH|E 1)
FaAs, BrLLRA SIMPLE 532, & 7 FEik £ il X 20 7] B ARRER B N 200 IRIFIF R,
IERE] 30 kB, TFENLER TS RIS, a8 RIE 9 Bk,
4. BIER
4.1. FIFAEERRIEEREIY

#% Fluent K4 11545 B 5 A\ B Fluent J5 4 F#4 CFD-Post 16.0 7, 28 f5 i@ iR Im ek I . il
Xof FEEZEL A PR R AT 20 A B VSR, i ] 10(A) PR, R EIAE RS G, M E SBT3/
T BT, IR B SR M AR L, ARG MBR B A AR ) LU 3R L, TE

5K X i B2 B TRy, KD e A BRI EE, SRR 8], Wl
10(B)Fr7R. I3 MBR HBARE L R 25 R THEAR e, Ko IR IRl 3 SOt R A Ak 17 R iz
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2, AR RPN R EAR KA ELX o A AE TN MBR B P R B 2 ST A BT U,
5 LUK i 22 2 T HEAT R BE B R o R IR 17 IS e ) A AR R R
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Iterations
Figure 8. Residual plot
8. FRErhZL[E
21 1.2581e-84 B.0080e+880 9.4013e-085 6.4998e-05 -5.57008e-81 B8:88:11 479 L
22 9.1911e-65 0.0000e+80 6.5161e-065 4.6112e-05 -5.5700e-061 0:080:88 478
iter continuity =-velocity y-velocity z-velocity surf-mon-1 time/siter
23 6.7334e-065 0.0000e+00 4.5181e-065 3.2834e-05 -5.5700e-061 0:80:87 W77
24 4.9492e-05 0.0000e+080 3.1370e-05 2.3464e-05 -5.5780e-01 0:01:41 476
25 3.6544e-05 0.0000e+080 2.1848e-085 1.6837e-05 -5.5700e-81 @8:81:28 u75
26 2.6985e-085 0.0000e+880 1.5272e-085 1.2142e-085 -5.5700e-01 08:61:84 474
27 1.9924e-85 B.0080e+80 1.066L4e-85 B.7778e-06 -5.57008e-81 8:88:51 473
28 1.4715e-065 0.0000e+080 7.4515e-086 6.3583e-06 -5.5780e-01 0:80:41 472
29 1.8875e-85 0.00008e+88 5.2178e-086 4.6156e-86 -5.5708e-81 0:80:33 471

H 38 solution is converged
380 8.0438e-86 O.0000e+88 3.6618e-06 3.356%9e-06 -5.5700e-01 0:00:26 479

< b3

Figure 9. Iterative convergence graph

B 9. ERUEE

&)
Figure 10. Liquid flow rate profile
B 10. RIAFRIES T E

4.2. BREHYIHEMER

FERMETCPIER MBR 1, & 11(A)EIFR, FERRA A AR F RTL A7 AR K BAKIE 0 Pa
FIBTYI X, RO XK 3911 7508 1.2 Pa A e K2 BT B85 U1 11 294E 0.9 Pa. XFECRL RS
BIYIA AT LA, U0 MBR AL G2 ZIRI BT IZ008 2.1 Pa, ARXTFARAETCH MBR K44
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Figure 11. Airlift MBR film surface shear force distribution cloud
B 11. S#X MBR BRRAEHT N HEE

A F+3X MBR A EEEARAETE£94H MBR B ) 345 R BoR, W05k 1 Fow, TR &AN X381~ F 3455 V)
JIERA A NIRRT . FHorp A A & X IR BI Y 1 R 29 8E 1 T 77%, o A2 AR 32 TR e K i X
3, R A A0 X 3 FH AR TC P4 HR MBR (1) 1.2 Pa 327+ 2] 1 2.1 Pa, SRR AL B9 BT 1) 77 B /I8 X 3k Al
=BT 0.5 Pa, BIY) I RIXIEMIRT T KL 50%. @iEx b PUAKEL, A3 MBR &N X AR H
BI) A A A AR IR S, BRI BT U] ) SN R TR 22 SR T AT R iR, AT 98 K THT 1)
Y, PR A9
Table 1. Comparison of CFD numerical simulation of standard baffle-free MBR and airlift MBR shear force
= 1. LR MBR 5573 MBR 17189 CFD BU{EMERIELE
FHEHIIY ) DGEEII S B ORI AR LR Y

PRALIF R (Pa) (Pa) (Pa) (Pa) (Pa)
FriE T MRR 0 0.9 1.2 26 0
S I+ MBR 0.6 1.6 2.1 3.9 0.5
FETHE R 60 77 67 50 50
5. B4

ASLEZLITTE MBR ABEFEXT R, A CFD BV R Pk i A5 DL B2 R BY ) 7. 1 5%
H M Fluent fiAbEE 854 T TH MBR (I LATRERL, JFXF AT RS S 20, RS SR EE AR AN T 0.9, 48
JE R BLE Fluent KAF S KIS HOFHH AR, THRERE RS RJEAIH Fluent J& AL HAKE THEL45 R LA
FUGR 7T R Bk . BERTFE 7T MBR RSO T 58 h A SR A S, DL RO i 22 3% T~
B g, s M TR MBR RBIRIR I UL R T8 U1 7004 B, A3 3IE R BTt
TERZIN, WMAARRESIA SR AL BEAT RIS, IR TSI A REDS B PB4 MBR AU
ENFEFLMBLE, IFHAEN T30 MBR IR HEAT AT B4R G ot Rl (RIS th RE A% DO Am e JE 48 MBR
LA AR AR AL 2 XA BT D) g RO DL, JF HNEAR Eg Ut MBR 4L (- #4955 9) 77,
AR FU 45 SRR W ST 2 MBR FESD T5 Ge LUR BRAR BEFESR i MR R Iy T A 3 — € N AL

HEHEmHE
B R BAREREETH (51378350); EK BAR R4 R & BB H (50808130); EZK HA
Bl R G T FERE RS TUH (21506159)
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