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Abstract: On the basis of the standard three dimensional (3D )k—e turbulence model of computational fluid dynamics(CFD),
an algorithm was developed for investigating the full-scale flow regime of an oxidation ditch (OD). Momentum source terms
were used to depict the action of impellers that were driving the Carrousel OD. The CFD model was validated with flow velocity
data measured through the in situ experiment. A number of low velocity zones were found from the results of both the
experiment and simulation, particularly near the ditch bottom underneath the impellers, which suggested the need for improving
the OD’s hydrodynamics. Meanwhile, the grid—independence was validated; and different turbulence models were compared,

such as Realizable k—¢ and Reynolds Stress, in terms of the volume average velocity and average velocity at different cross

sections.

Key words: oxidation ditch; flow fields; computational fluid dynamics; source terms; impeller

FA TZER—Mo B AEES R ek, H
B EHFREER , WE R RIS AKMEEERIE
A WAKER YRR B RS BRIER R a2 il 5E
A 15K 5EHISRIBEEFINEEY, EBRKEHE S &
AL VAR R R BRIE TS U P R R Bt , B Ak L
2R BIN AMAERE, 1954 4 722 Voorschoten
BHT B —NEbRBEITHELRE . RIFFEE, BI1RE
BN AR R K AL BRSE B rh, R IR BN
R, BAIA B2 B R FITE KR T B K Ab 3% 5
Ho BE, AR LIF B ERE T RMAAMR T L
FTBEKALTR, BT 2 ER L3 1 30 0 W BUEAL TS,

TR RS2 T BEAER B AR sh Eohfeim K.

T 78 B H8 : 2009-10-19; {& 6] 2010-01-17

AR TR S 2E 8 I SRR T @ sh i
2 BIGE KON BB BT, BEE RIS
IR R, B AR O R R T Y,

ALY AR AN S A B sl B 1k
HIRTIRE .~ , A TSR A AL IR
RIB B BB IR S BAR TR BN A 0.15m/s, TN T &
GIE IS R MU , THIBE E X R KT 0.3m/s8, 58
bRt , SEBRIAE B R R EIE R E 50, WEE P RK
TR AL R B TP I EE T EE
Hff e,

AR, TE R B EALTH K AL T 2 By
B BUS— SR, SRR E AL 1 K I F SRR

BT . A BRRFEFEAAEE(20005QRZ212); B R i HARBIIL L R R1(863 14110 B ¥ B1(2004AA601065 )
PEEE A HR X (1980-), 5, YHIW, 8-t , EENIIIRE THRUKSIHEHF , (FH1)13514960390( AL {548 jiangchengyi @126.com,



136 : IRERTS B XK

#£33%

FOEM R4 H BT, De Clercq %R F— b AIFI —
YT HTH k—e TR T 401k 4 v A BB K
FI2FFIESS, Littleton F1 Daigger 133 45 € AT Al
RIS, I = 4 Wik ) AR RO T et
BB, PBEFASY ke i
TAEBLFIE B WAS 7 L T — b Bk i o
RIE3I™, Simon 4% & TR T REM B HE
IR RS AL S TR IR B 4 7 AT 2,

AT SR ETUINA =45 B RS2
BRDERE B IR BN RE R P 2RKE
e, 3 R R T — e T R Rl B R R T )
BERRHRE T, 750, @i W IeH a4 R
RRGREIE T ZEPCAEII S B,
1 Ak5iRe
1.1 KEERALA

W R MR P 2R B R IEE N R
EHRNARA T WIR 34m, MEEFIKIEESH)R 5m
A 4.5m, K FLAEHIE P FOLR KK RSB B 4k
467.5m, JFEIKALBEA B R 25000m?/d,

RPN E T = A<, A& 8 4
1+ 1.613m AR M. Bl TS /K 10cm,
<% 3 A 30r/min, RXIEHT, HE T AR (LA 1
()T WEE A-E), BMEEMAE T =AML, WL
SRR 258 0.5m,4.25m F1 8m, B
NAE T ZA0 A, WA 5REWEZ 5510 0.5m,

[=3
Inflow ’ "
. @ Aerator

G
N
225\ A B
J500] 2500 1u1s00| 2700
(a)F AL 74 1 4 40 1)

1751755
450

outside wa
4

|

0 325 850 50
(b)E AL 78 &t

35.4

96.4

(cYBt Fch BT AL 1 (1 180 4

BT U A VA AR A RS A AU Bl(em)
Fig.1 Outline of the investigated oxidation ditch (cm)

2.25m 1 4m, RS B H{L(UVP, American Sigma
950 BUFHAO) HITHR RN E . WBaT, Se s IR
HEEESBT L RIFRE T SR MER, R
Jer XA TR AT A TR, B S AT IR O R
ZREB B AN NG R S AR AR,
A FATOALE , HREFREERE T .
1.2 #EHF#E

R T T EALE TR RO, PSR T A
MM E IR 18R, KRG T B RR S
HREA k—e TR RIS, = 4R A] 48 A3 3B
BEHRITREWT

BELE TR
d
9 =0
oy PH) (1)
HEHE
m___ ap " d 6u,~ Buj _2_ . aui
Dt axi " an [M{ axj' + 6x,- 3 8!] ox; }]
+ =0 (U ypenS, (2)
Xj

Ao x; Flx; HEE LR u; A w, 53508 x; F
x; J7 S8R B s w0 F e SRR B s AT T30
TIREER B8 8 x A EE SR ;p RETT 5p
HFRBE S, MRS YIRS I Eh BIEH,

FEBEA R, F 3 B IR IR SR 18 <R X A iy -
YERI(HHE 3). TEMRARARHESESSHE IR T
AR RS, ZEABGE P, B4 DX 3 e A
BS54 B 3 K S B IRIR R A,

Si=0" (u;u0)=p'5‘§/u—uo) (3)

A S ATHERITHIETE R ; Q Dy B E]E i
BITHIW R ; V AT E B ITIEB  u A we 55 913
- (BRI R Y28 o 3 E 80 - (U A ) 1 PR BT a4
MHEE (u A u=2mor iHE 0 HHEE, r IR H O
B O RIBEERS ). AP H,p=1000kg/m’,w=
30r/min, i FLAER k Flm MAERFERIEK » h¥-2RA
XitE:

w9k — 0 (8 Ok . G (4)
0x; Ox; o, 0x;

08 _ 8 ((pyp b 905 £ G_c, £
T ((v+ = )ax,. )+Cio = G-Cor (5)

RH o, Mo, 53r51RFT k Al & B9 Prandtl
Bv ITHTEE ;G RIFHEERA R ;C, M C.e N
HH(C,=1.44,C,,=1.92) , {HFHZTHRARZENE
B Bk 2 844 T H FLUENT 6 JR# L _ERY
g,

1.3 #REFAET &



oo ooooobobuoboobmobo
oo mo0ooooooooooomo
O Launder 0 Spaldingd O OOOCDOOQCDOO

02000 00 m0obo0o0oooog b 181125
oooooooooD@mMOOobOO0oboOxgoOgxgooao
OO0 00 48x16x48 0 U0 OO0 ODDODODODODODOO
000000xO0OxO0O0O0O0oooo 145xox561
000000 D0O0DU0DOO0DU0DbO0O0DDO 0.09375m0O
oo ubobd oA Uidd cHDU
00000 Gmoit D 0 00 00 Moo mooog
O0000domoodoodDomooadon

O0DO00O00O0O00O0 000 FluentOO OOODO DO
VO %o

0i00000000000000000 O
L @©—— 0.0

[0 O—

mo -~ Impeller Region

020000000
Fig.2 simpli'iO8tion o’ th8 00mpu'8tic* 81

— O ’
Y510 ‘
21 000 O0ODOO

gobooooooobouob0D™mooobodg
gooDOoDbO s00000mOobbODOoO0oDOooOooOO
0.75m [0.375m [0.1875m [0.09375m O 0.046875m0

g30ooooooboooobooboDoooboo
ooobo0oo 3o bmoboboboomoo
gooooyssmOdo375miudnoobooboobd
Jooo0oo0oob0DO0obDOooooooboOoo o0.1875m0O
0.09375m O 0.046875m 0 (D OO O0OOODOOADO
goooobooobouoboboobboboobog

goooopooobooooo4goggyjp oooao
oo ogoo03vsmibOODOO0OO0 mOoOoOoooooao
OoodobOoooogo7smO0O0O 0.37s5m[d O O
OoooooDn0oo3098m/siO0 modogoooao
goboooobooobbbobooooboboboo
ooooooao
0G0} 0 0j02 —0\
‘ool i i A
O [ i ] [\
b i [ o\
—" * 0.046875-009875—0.1875—i 375— 075
Cell wicth'®
g oooogoooooobo oono

oo mooooooooooo@moboD0om

(T T T T I T RO [

OB7r0o00cO0oO0ooooOoobooOoOoOobooooooOoo

ooooDOD0oOOoO0 @mMOoOO0g 22%0.1%0 4.9%0
goooooooooobosebobobomoOoDODOOOAO
oooo 4700000000 OMmOODO0ODODO
yoddodouoooooomoooooboDbno
CPDOOODODOOO0ODO 10%900 00000
MmoO2wwo0ooo000o0000mboO 00
ooomoooooooooooooooaDb
ooooooooooooooo@mooon
goooooooooooodd
grooooooboobobooooooobo
gmooooboobooocooocooooooo
ooooomooooooboooooooboono
oooooooooooobooboooosbooooao
gooooooooooooooao

OO0 oooooo d
O O o g

O



01 obobodoboooobooooooooad
Teble | FUI-Sale oxidation dit@ \eDaty Wth three impalS

ao 00 O oar o0 g+00000 ] 000 500 0——
0.50 0299 0.547 O . 0423
A 225 0.113 0.417 — 0265 —
4.00 0207 g g 0207
0.50 0.582 048l O 0517
R 225 0.149 0.284 g 0217 —
40D Q20 O a 0210
0.50 059 0.353 026l 039
r 225 0.380 0.192 0267 0273 0.268
4.00 0.215 0.118 0083 0.139
0.9 0.44 0350 0386 0.407
D 225 0.236 0324 0391 0.317 0.296
4.00 0.102 0.116 0274 0.164
0.50 0.189 0334 0408 0.310
E 225 0.126 0246 0.38 0.253 0.286
400 0.140 0302 0.437 0.293
oooo 0258 0.329 0322

000 00> Mrakss

OO0/n O for

ooL +— L—1I— 1 —
06 15253.54.5 05 1.

{ DRl a0

05 15 253545 0515253545
acr garr

060r Linel @ScionE 0600 Line2atSdicmmE dB00 Line3atsecian E
[Mo&* I—H —j

i‘Dod5— 004"
0ol Ond0 00 —' a3}
Oaldr 00— 0O [Mois} \ Od=l

oe-sH 00O s ool——I-1 s

0 "/m 0 0/m

HERNERNNEE

nod O
o

D] rllfadD

0515253545

VIO0i'y 8 di** [ 6nt m88surement point s
oobo700800U0bmmooboOoooboOoDbO
gobooooobobooboooboobobooo
o000 moooobobooDomMmmOooonon
goobobobo0oob0mooooobobobooboboo

calculated results

gm  +£ 0

CrossSecticns
06/0 OO00O0O0OO0O0O0O0OOO0O0O00OOO

Fig.6 Comparison of calculated and experimental
alerage Velocity at dif ferent cross sections

gobboboobooboobobobboboboboo

OoO0DO0O0oo0O0OO00DO0Ob0O0OD0OO0O0D0D bittleton O

I N Y A R W R <= 1

ol U0 O O Ot O

ooomooobooooououoooooboooos
msEM 0000000000000 00O00 ™
gooooooooomooooooooooao
ooooooooao

23 0O0O0O0OOoooooooOoon



00 ooo00000boo00obbo0obo0boobd= 0d

O O00oe0 Mo |

o O00OO0OOO0OOOO0OO0O0D0 |

00 0d——0o00 —— 0 0z—0<000—i L —3I
ID000002 <0 0X— 2 {
| OO0 0§I0mMO0 0000

| O mM70i0 0O0.0OO0OOO0OmO O 0
I 'i0d07. 8DulB'[M”8D0i'y oon'o”’ 58 di‘"8[F* |
O— | —e00 —4

| o025 OH.[4 tO 29 o3 033 0> |

S

“ntView—0O _O000 O0OOO0O0OO — |
reficview - _ 000 — ad

I ggsoddd'pOOOOODO I
IFig.8 8'reamlinesin‘“e'ullscale oxldationditchl

090000000000 O0OsOO0 mOon
O OsO0 OO0 0 O0s0O 0 [Realizable O OO0
000000 MReynolds Stress 0D O OO0 OOQOOd

00000000000 1o00D000O0D0O00D
000000000000 cMEODODOODDD
0090 1000000000000000000
goodbtdo

040 r

trgd bod —

goooooobOouvuwobooan
Fig.9 Comparison of volume. average velocity

using dnferentturbulence model5
-H7

u

i+ MooOono

{ U —

Fig.10 comparison of average velocity atdifferent cross

00 D00 O
+ U0

|| = %o

g ]

goobooooooo goooao
Joooo0ooogao

0= 00
Mooooooooob o

oo mnoooooooooooooooao
B o0oo0ooo0odoUooooooobooboo

U msbugaabobouaobbbood
MOOO00000000000000000

fll Eruce E[Rittmann[Rerry L Mccarty. DO O 000 OO0
0oo'M].ODODDMOOD. 00 MOoO00 000 >24.

Bruce E Rittmann.Rerry L Mcc arty. Environmental Biotcch—
nology [Principles and. Applicatic] s (M [0 Beiiing Ts nghua

uniVersty Press 2[04.00n ¢ hinese
[2] Eikelboom D HI Biological characteridics of oxidatiltn
Di‘[h sludg8[c]. mP706e6ding8 0 m8 In'em8tional c o 0O

000 M OO0 @ 00 0 Oogy'AmO 0O nlXEPcon—
‘31 w ater Envimnmi t 0 [Tation. Des gnjof Municipd w [(Hew

ater Treatment PlantsfR1 Alexandfia. virginialiv ater EnviO
ranert Feldan. 192

4 OO0.00000000000000000000A0 fy

00O000ooobgpEOnmooo f2ms]

8mple models for mixing ald now propaation in wa8e
water [0 atment plantsfJl. Water Science and Technology O

1999 .3904 (O6| —69.

[6_]Dddek P Ot crard conudioel Aud Br8n0

Analvd SRIOUS FiltedEnvirex Los A ngeles[Califomiallnter—



140 IRERATSBXK

#£33%

nal Report, 1999,

[7] Nameche T, Vasel J L. Hydrodynamic studies and modeliza—
tion for aerated lagoons and waste stabilization ponds [J].
Water Research, 1998,32(10) : 3039-3045.

[8] Lesage N,Sperandio M,Lafforgue C,et al. Calibration and
application of a 1-D model for oxidation ditches[J]. Chemi-
cal Engineering Research & Design,2003,81 (A9):1259~
1264.

[9] Stamou A I Modelling of oxidation ditches using an open
channel flow 1-D advection—dispersion equation and ASM1
process description[J]. Water Science and Technology, 1997,
36(5):269~-276.

[10] Littleton H X, Daigger G T. Application of Computational
Fluid Dynamics to Closed Loop Bioreactors—Analysis of
Macro ~environment Variations in Simultaneous Biological
Nutrient Removal Systems[C]. In:Proceeflings of the Water
Environment Federation 74th Annual Conference &
Exposition on Water Quality and Wastewater Treatment,
Atlanta, GA ,CD-ROM, 2001.

(11] BB, 246 R, IR R, . — IR ML S M = RS
SrH0). FESKHEK ,2003,19(12):15-18.

Luo Lin,Li Wei-ming,Deng Rong—-sen,et al. Numerical
simulation of a combined oxidation ditch flow using 3D k—¢

psilon turbulence model{J]. China Water & Wastewater,

2003,19(12):15-18.(in Chinese)

[12] Simon S,Roustan M, Audic J M, et al. Prediction of mean
circulation velocity in oxidation ditch[J]. Environmental
Technology,2001,22(2):195-204.

[13] Rodi W. Prediction Method for Turbulent Flows[M]. New
York , USA : McGraw —Hill International Book Company,
1980a.

[14] Rodi W. Turbulence Models and Their Applications in
Hydraulics: A State of the Art Review[R]. In:IAHR, Delft,
the Netherlands, 1980b.

[15] Schneekluth H. Hydromechanik Zum Schiffsentwurf [M].
Herford : Koehler Book Company, 1988:3.

[16] Fluent Incorporated. Fluent 6 User’s Guide{EB/OL). http:
/fwww fluent.com, 2003, 7(15).

[17] Launder B E, Spalding D B. The numerical computation of
turbulent flows[J]. Computer Methods in Applied Mechanics
and Engineering, 1974, 3:269-289.

[18] Ranade V V. Computational Flow Modeling for Chemical
Reactor Engineering Process Systems Engineering (M].
NewYork, USA : Academic Press,2002:5.

[19] 2245, TR EF. K H12EM]. BRI  RIBUKF L K AR
#t, 2000:244-250.

Li Wei, Xu Xiao—ping. Hydraulics|[M]. Wuhan : Publishing
Company of Wuhan University of Hydraulic and Electric
Engineering , 2000:244—-250.(in Chinese )

WENERENEREVENE U VO LR T RERE L LT TGO LE LTl Tl el el el el il il el Rl Rl Nl Rl Rl sl el Ul ul el Rl el i Rl e vl

(E£% 134 ®)

[5] Cai Bang—xiao, Ye Hai-lin, Li Yu. Preparation and separation
performance of a dynamically formed MnQO, membrane[J].
Desalination, 2000, 128(3 ) : 247-256.

[6] Galjaard G, Buijs P, Beerendonk E, et al. Pre —coating
(EPCE(R ) )UF membranes for direct treatment of surface
water[J]. Desalination,2001,139(3):305-316.

[71 Megat MM N, Fakhrul R A, Thamer A M, et al. Performance
of flexible membrane using kaolin dynamic membrane in
treating domestic wastewater[J]. Desalination, 2002,147(2):

. 263-268.

[8}] Li Na, Liu Zhong —zhou, Xu Shu —guang. Dynamically
formed poly (vinylalcohol Jult-rafiltration membranes with
good anti—fouling characteristics[J]. Journal of Membrane

Science,2000,169(1):17-28.

[9] Fb%, ZHd, Rt , 55 UM Sh A W S LA X 15 e ¥y
I ZEBRBERO]. PR 50K, 2006,29(5) : 93-94.
Lu Jin—deng, Li Yan—-qiang, Kang Qun, et al. A bench—
scale dynamic membrane bioreactor for purification of
wastewater[J]. Environmental Science & Technology, 2006,
29(5):93—-94.(in Chinese)

[10] B/ME IR, IRAFE. SHBBEAR XA LR P HINL
HI). BERRE 58K ,2003,23(3):49-53.
Wu Xiao-ying, Zheng Ping, Xu Hong-liang. Dynamic
membrane and its application in environment engineering[J].
Membrane Science and Technology, 2003, 23 (3):49-53.

(in Chinese)



