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Hydrodynamic model based K7« estimation in Aeration tank equipped with diffused aeration system
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Mitsuharu Terashima’, Hidenari Yasui', Rajeev Goel and Hiroshi Kubota™"

Abstract; A two-phase hydrodynamic model was used to predict the distribution of gas volume fraction in an aeration
tank equipped with diffused aeration system. The calculated gas fraction distribution was used to estimate the volumetric
oxygen transfer coefficient (K;a) in the aeration tank. For modelling the turbulence in the liquid phase, k- model was
used, while gas phase was modelled as laminar. 2-D simulations were performed for 5 full-scale and 5 pilot-scale aeration
tanks having different tank configurations and diffuser positions. To cover wide range of design and operational
conditions, different aeration intensity and bubble size ranging from 2.13-5.3mm were used. Under different conditions,
the measured liquid surface velocities ranged from 0.1 to 1.0m/s and were found to compare well with the prediction of
hydrodynamic model. Further, the Kja values that were calculated based on a semi-empirical relationship involving a
calibration factor - k. were observed to match reasonably well to the measured values. The value of x~factor in this study
was found to be 1.86, which is slightly lower than that reported in the literature. From this study, the hydrodynamic
modelling is considered to be a useful tool for predicting the oxygen transfer in aeration tank having complex geometry
and diffuser arrangement.
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Table 1 Methods for K;a estimation in an aeration tank under steady state condition.

Methods Rate expression in the steady state condition
Method 1 =
Bae.:sed on COD balance at aeration tank 75 (COD1 - CoD, ) —0, X, =V KLa(CS ~ C)
Method 2 =V -
Based on Oxygen Uptake Rate in the mixed Vore=V-K.a(Cs~C)
liquor at aeration tank o =r 8 _C b..

c = Hoa +by Xy

Y K+8; Ko+ C

Method 3

Based on measurement if oxygen concentration G, - (pO, - pOZ) =V. KLa(CS - C)
in the off-gas from aeration tank
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Figure I Air bubbles rising in an aeration tank
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REAVINE L BRBRIAICHT D COEVFEMERERIRIZRTT 5 COEL V bR WEAICIL, BRERIA
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B L ARAROEITER L T—EORIEL Lz,
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N E LTI, BEARIVNE L, SIEOITITBVTEBEOSH HERE k- ¢ 7L 25 B, SMICstL
TiE, SEMHETH L OEREBEETREIRE L, BATRDREIL MLSS ORIk B L Rp L,

BELERET LDV R e Table 2 (2F L,
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RS BSCEE DELE ) D ONTIRS &% Table3 12 % & 977, Tank A~Tank EI3E5 /MRS 4 TH 1 |
WK TP B, Tankl~Tanké | TEIREHE * Th Y| Tank7 [ FEEHAONEL LT 2 ERESETH D,
Tank A~Tank E 3 & Uf Tank1~Tank6 [ JAZHERY R IEERRIOBRHE Ch 1 | BRES BEAYICE 2 TRl
MWE Ko BEIE S, Tank 7 DIRSIEClE. TEEOBMSEEZBRTEORANGRE L, ARICER) & K

Table 2 List of models for computation in aeration tank

Item Model Reference
Physical model Two-fluid Eulerian- Fulerian model Pﬂegerg D., Gomes, S., Gilbert, N., Wagner, H.-G.,
(1999)

Phase 2-Phase -

Geometry 2- Dimension -

Turbulence model ~ Standard k- ¢ model (Liquid phase) Launder, B. E., Spalding, D. B., (1972)
Laminar (Gas phase)

Air phase Non- compressible , constant bubble size

Wall Slip (Gas), Non-slip (liquid) -

Drag coefficient, C,  Ishii- Zuber model Ishii, M., Zuber, N, (1979)*

Viscosity 1= 0.00327 x 100455 Bokil, S. D., Bewtra, J. K., (1972)
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Table 3 Configuration and operational details of simulated acration tanks

Tank H L h v MLSS Aerator Bubble size Aeration
{(m) (m) (m) (m? (mg/l) (mm intensity (m/hr)

A 0.7 0.7 0.64 0.74 0 PCP 3¥ 23
~ 117

B 0.7 0.7 0.55 0.74 0 PCP 3¥ 23
~ 115

C 0.7 0.7 035 0.74 0 PCP 3= 45
~ 118

D 07 0.85 0.64 0.89 0 PCP 3¥ 2.1
~ 105

E 0.7 0.85 055 0.89 0 PCP 3% 2.1
~ 10.6

1 5.0 6.85 45 1880 1250 PCT 303 0.94
~ 1270 ~ 3.0 ~ 43

2 5.0 6.85 45 1880 1340 PPT 301 1.1
~ 1490 ~ 3.4 ~ 43

3 65 8.1 43 2400 970 PCT 213 1.6
~ 1400 ~ D30H¥ ~ 40

4 6.0 93 45 3460 1680 WFD 530%F 26
5 6.0 71 5.0 2900 1200 PPT 321 29
~ 3.30%* ~ 70

6 38 6.0 35 1190 910 PCP 34 19
~ 960 ~ 4354 ~ 42

7 42 6.0 2.5(Ief) 750 3000 FT (left) 2.5 (left) and 4.0(left)

and 3.5 (right) CAP (right) 3.5 (right) * and 10.7(right)

Tank A — Tank E: Pilot-scale tank, Tank 1 — Tank 7: Full-scale tank, H: depth of tank, L:wide of tank, h:depth of aerator,
V:volume, Bubble size: ** measured, * given from the literature (Kubota, 1989)%, Aeration intensity: based on Gv / (Area
of Tank), For further details of Tank A — Tank E, see Hoshino (1977), and Tank 1 — Tank 6, see Sekizawa (1985)*, Aerator:
PCP(porous ceramic plate), PCT(porous ceramic tube), PPT(porous plastic tube), WFD{Wakatsuchi Fine Diffuser),
FT(Flexible tube), CAP (cap diffuser)

RIOBKIC LD 28Y D Ka ZBIE Lz, S, B\RKERE O 1~3m ORSIZENT, 2mm DV T
RF T b 2 AROHYNERRRE VD Kataoka & P OFEC L BEIEES N, BIE S-SR OREIL
2.13mm~53mm Th b, FHEEZER L TCOARWRIZOWTIR, S BE S EABEEEN LTS
KIRDOWE2 Db, Tabled DRIRE 5 X T,
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A FERARARNT Y 7 b CFX5.5.1 (CFX Tne )& EHED Y 7 b7 = T2V, B OEE 2 kTl sk
LRI L RAROEEN R FHE L,

BEE - BEEOL 91, BREEROBEN R VER T, ZOBRM RS & &ah B HiCEET 5
HOERZ LT, —H. BEMD & 51— EOHESHLERA VR T, TBRSEED LR C@Ei L
RObLOE B U, HERTFOBBITT VRS CIL0.02m, EEEOBRKE TIZ005m & L, FH
X)o7, BEEOBETIE, BRIRIC OV TiE no-stip BRI L L. &IICOVW T free-slip SRS
b LTz, BREORERIETBIFET 2IRELZTIHE S T2 EEHEL B L o, SHE L—BOBRKE
SR L, IRZIAHT A BRI BIKE AR T R B L IKED H D T R EDEOEGH310.01%LIPNIZIER L,
WS AR —/V KT v TOBCRBFTNNE L 2o T DREF EFREL R Uiz,

—fil & L CERMED Tank | BRSWEICBIT 2BSIERE T REIC BT 5, BREOFER A A R—/L FT
> ORIV % Figure 2 1R, BREHMSERICH 25— F7 v 7B E < 7o (BRI 10
~20sec), BlIEFNT, HAR—/L RT v PRI UIZ(K 40sec), FDH. HABR—N KT v 7 L RSHRIT
HRITOTNTEB L7220 S EfEICER L7208 200sec), Z D L 9 ZBAIEROBSTH LIZTUIER#ES
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NoHH Y a2 b—a VERITRE R L O TR, BRI & HAR— KT » 7R —EEICET L,
WEAATEA A L PR B OO FTELL TITET SRR SIRFEE 200 sec ZEE L7z, 731 12y MR —/L O
SHRTIIEEE L D NSV, EEICEDHERBNODE o, EEREBICE- AN
ARV BT » P I BT OHFTAE— KT v 75K, (DRULHE> TERETIZEBT 2 B2 Kie &
HELZ, Zhb Ko OERENEVSY £ 52 LIZE > THERIED Ka 2Rz,

2.4 BEROTEHRE Kia DEH

ISR ATRDOEEIOEL, Tank A~Tank E [Z W CIHREHREICR— 1 21803T, 2OBEEEY
FEFGEONREME Lz ¥, Tank 1~Tank 6 {ZOVWTIE, &2 7 ODHRIZEBWT, TR oREHC &
DRIEL, FEIEORFMEEL Lz, F72, Tank I~Tank 6 DEEEE LI HT 2B 8% Sy T,
TS SHOWHEC L5 TRD- %, Ka 1%, Tank 1~Tank 6 TiZ Table 1 @ Method 2 2T *, Tank
7 “Cix Method 1~Method 3 2T & - TRDT=, Tk, QEEKRORI~PEH & 55 X k& 75RO CODer
FRET S & T Method 11255 Kia DEBZEIT o7, IBKUREZEEL, EHIZOUR 2RIET A LICX
D Method 2 IZ L B2EHEAT o0, Fio. BEHEVARED, BREEHCBREELHTEIZicky,
Method 3 12 & AR %4T 77, Method 2 KT Method 3 = & 5 3B 10 EIEM L, FHEE KD,

3 BHERR

Tank A IZ354) BIRBTROFREFORZ FHE LR % Figure3 17T, FHEVGEIBSMOTRAI O
B HOBERTCILE o, Z0X S REESTIE, 2O Tank CTREURIZHRA Lz, Tank A~TankE T
13, BEHEROR— L OBENRE S FREFREE LTS Z LD, Tak A~Tank E 120 C I REGES
FEOEIEABRE U, FEWE & 45 Z 212 L7-, Tank 1~Tank 5 12D\ T & o7 PLREHOR
A EES FREE EHIE & i U7, RRTSEOBERREOEHIIN 0.1m/s~# 1.0m/s THD, REHE
OEHEAE & FZRNES Figure 4 1277¢, Tank 3 38 508 Tank 4 12BVF A REVOEOFHEFITIHRIME & 00mEE L
TWEHDD, FOMO Tank TIHEHEOBEIIRO TEL S —F, L, ZOFEENS, Table2 OEATF LA
HLEWER LA Fada 37 25503, EBROKOFTNE —EOBETTRTEA b0 EEZ LN
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Figure 2 Liquid surface-velocity and gas hold-up
at the centre of the tank

Distribution of liquid velocity (Tank D)

.34 -



14 5
F]
392t w e y=x
£ 4r .
= , O TankA o .t
3T A TankB £ - n
s & ® o ke =L yv=x
©08 ] b @ -
s ) : ",'. ¢ TankD % | | - 'm ® Tankl
> 06 b ] . * X Tankk 32 I m A Tank2
g Ay ® Tank 52 - ¢ B Tank3
° - A Tank2 ~ ok X Tank4
04 | )@9 9 + 04 @

” X B Tank3 < 1 a & Tanks
Q o x e
£o2 t @M X Tankd o + Tanké
1) A & Tank5 ‘,’

0 hd i Il Il 1 1 1 I 0 ‘ 1 L L 1

0 02 04 06 08 1 12 14 0 1 2 3 5
Surface Velocity (Measured) [m/sec] KLa (Measured) [1/hr]
Figure 4 Average liquid surface-velocity (U,) in Figure 5 Comparison of K;a in the aeration tanks
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T W, EEWREBICET 2 Ko OFBEME & ZRNER B USSR % Figure 517§, (DR« % 1.86
ERWVTEH U Kia DIEITERE LMD T L <~ Lz, —7., Sekizawa(1985)* it x & 2.18 & LT,
I TRk DEEETRAE D, QRSB 2 KIAFETEHORIE Uy \2id, BRIEOREE N LIRS 2m O
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VRERBMELNTL, O E0D, U OERAREIIZAA ) REFEE L FHESI, Sekizawa(1985)* 13451

LT3 X DI, EENROBREAE CIOAlE Lo WRIATE Us b U 2HEET 5 2 L 235200 hv= T
HA3,

SO RSB L RE L Tank 71200V, BATERIHEH  RIBFEES 2 E LIEEREINE
L Figure 6 179, ARIOBRIER 21 &6 > CTRVIEEREZ < » 72355 Tk, 1BATR & SIIERFTZ
BT, BEIEEAEE L RHiOBE D TRl _EFMICiin AERAL bz, KITEEEED
TR LIEEFIENEL . BEED HIZfh > TR -7, U LT, MEOBRREE## -
TRE LIZBA TR, FNFROBKER 2R E T2 ORISR S, BATRITHEHREEEN D
FIEEEIC R L, INLRAIRE. BREOPRMAE LA THRIC A - CER Lz, —F, il
X VEMEOER L, BARO LARECR - TUHFEEIC LR L%, TIasicEEY 2EARC LT
BEEOHRLHEE TEEAENE, PN EATRAFRIAE, R0 7 7IORTEAOBSEB I Bk
THLDOTHoMZ, Ziud, ARIOBIPEML D LV VEOED, Lk TERESNEE THRED
FEERIZ Lo TRIBD LRSS 20 b Z L1k 5,

T Tank 7 /284 B Kia OFENE & S EER Table 4 12T, WKEENLFHETHEME S LT Table3
ORIAREPRE L L &, ANEEEEOEMIRRIC L - THEER 2K S 87881013 Ke BHEER 70
bl &720 . Fio, FAISEBEERT D 2 0L o TN A TR S E BT, Ka 5HEEE 17.0 b
LR EAE S HTE L AaoTr, TankT 12BNT, QRUZL Y Ka 2518 LIZER%E Table 4 1258 TR
T, TOLXEREI N P A F I ATHELLLELEURESL Uiz, ™ FafALFI72EF
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Figure 6 Simulated liquid-velocity and gas volume fraction
(Left: Aeration by aerator on the right side only, Right: Aeration by both left and right aerators)

Table4 Predicted values of K;a hydrodynamic model (Tank 7)

Aeration by aerator on Aeration by both

right side only aerators
Method 1* 72hr! N.A
Method 2* 7.0hr! N.A
Method 3* 74hr! 172 hr!
Predicted Kja values by 1 A
hydrodynamic model [ 170 b
Predicted K; a value by Eq.2 5.6 hr? N.A

* See Table 1, N.A.: not available

MMZ LD Ko SHEEIZQ)RUIC L B Ka ITHA~_EARERE L 2 olc, QRDET VT Ka B4LITETD
ﬁmﬁ%ﬂ%_ AR EZNTVDA, Tank7 TEINH LV BBROBRNZ L2 LY | IBEHE HECRIRF
FEEFTBRE S EITERY , BREBERBEERE - [IAEEENE LW ETHREL TWAQRQRDET VL
Kia DFBERERISEVDE L EEZ BND,

o, BREOBRSHORFRIIRKEBOEB FIEICEELZ T, B EER=L 0 Lo bER
THEECHRILER T HEEDO T PBEROSEIARTHD Z EBNRESN TS Y, BEEEE 2 A
F7SBEEIFE & 725 K D HHCERE Ui & PRI CERE L - BEIZ DV T OMUIR—4&4C Ka 23882
&, FRICE LTS T K 030 1248 & oo Te, ZHUIEEROKE SAVNEL Y Kian LHEEN
INEL RBIEDITH AT =V BT v TNKREL 2B EEZ DI, FRICHKIEB 2 L&D 7355
%0%%K€ﬂfﬁé_&#ﬂ4FDE%f\7X%TW LoTHHALNE R oT, Z DA Tank7 O
12 & O #AIRG7RFEEIR & 72 BV IRRIE OBSRIEFEMRE DI RIC b NS Fud A I 7 RETAVEESTZH
EIEHTHHEEZBND,
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Table 5 Kja sensitivity based on bubble diameter

Bubble diameter

. 5 4. . ! .
(mm) 30 3 0 45 5.0 55
Ka (hr') 9.2 72 5.9 49 42 3.7
*Calculation based on Tank 7

4 EE

—EORIAEE 52 TORNER O Kia FEETARICIIRRLERERE o OO R Y v FHEE U8 E
HEROTHROB,TIRORY v 7TEE UsidZ& TOHEIZBO TR 02l misec BE TH 722 205 Ka
OEF LRSI E T AR FREE o 1Tl > THEENS L BT - L Tx 5, Sl RmEL.
KRR OH AG—NV RT v AL > TEE S, Sckizawa(1985) 13, KA HRSEEBRERO HAc—KEIC
FHETHLOLREL, HARNVRT v TEREAR, VRAOREIALER RSO - BEEB O
B, O=FEOKENSRDHND LT LT, FAR—ART7 v KA RNT FEEEIC L -~ TES
L0, EARRBEEROASTER SNRWEE . ITREARBER IEET2 Z LB 5 TRy, EBE, Tank7 ¢
KA OBRRIEE 2 - TR T 5 L IRGEOE IS TRMEZLTINETR L, FEICE) 2 R—L
[T U RO S 2 RETE AR T2 Z L3 TE e oTn, Z0 L5 0B, iR et~
Kia % RDDZ LITTE, N FaXAFI 7 RETNVERHTA2LERDS, Z2CHER LA R
A>3 727 VE, BAEBREEFGEOESHESHERS N TV DT, —EOKET Ka ZHEVGEEICE
STEHTAIERTEELE LN, ZOFEIRHALNZOROFERIVGEME TR DD, S%ITo v
a2 — ZDOERI L > TREIENLTLRDOLD L THREIND,

T, RETHIRIERT Ko DEICKE AT D, Table S ITRT L 912, KIRAE 2 -UMMIA—%
G K BT 5 & KA 3mm 25 3.5 mm IO TNNIEDL - Th ZOfITkE < B2 5, KIa%RiE
BEREBEBOERAOL LT, RAGROMRCLET 5, fiE, BEBEARVIETIIRREN NS 2
DY KalTEKOBE L0 ELLEL 2D, TIIREIREATE CIREKITHA KalHME 252 63k
<HEBNTNAD S, MLSS BENR U CHIRARTICHET MM ORBENRR S L Ka 3BT 52 &
LHILILTND %, 2 S DEEDENNZE D Ka DB, BEIEEN ORET IEIARRMIC L b k&
{EDHILIZEBREIABRENEEZOND, o, EEIKOEMIERAED L 5 ([ FAKERTE
TRMEROERPE LA, Ka OBHICY > TRIEERE S O3 R 2 - S ISR YE
Bbhs, SHEEOFEME, BRIRBEESERZ T2 L RO FERERH DM, N FuadfF3
I AETNEE ST Kia FRER PR 2103, KIAROTERINENEE L FEHOOL 2259,

5 fEam

ARE CIIBMELRNE 5 2 DB D Ko & T 57 DI 2.13~53 mm DR TN Frd
ATV AT N EEIET VEREL, UTORmRER,

- FHEIC X U RO FEERAME SR OR G RR R AL, FHEE < —8& Lz,
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Uy NI NS = A BT BRI (m/sec)

B BSRE R ERS (m)

P*: K&UE (Pa)
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Ups | IBERERE ORI AR IERE O
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& A (cm’/sec)

m: 485 (-)

Ug: 527 T E A0 7] A 25 ¥ B (m/sec)
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L3RR (m)

£ B (s)
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r, EEFE (B R a— A7 57 a0 (-)
r o SV EOE (B R — b 757330 ()
X1 A HRE (m)

x;1j HHES(m)

u, ;AT (R 1 5 W EE (m/sec)
u,,;EGEHE GRHR) j 5 TFEEE (my/sec)
p:E7 (Pa)

gi: EIIEE (m/sec?)

M, FERHL (N/m?)

Co AT ERER ()

MLSS:MLSS (kg/m*)
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