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Performance Enhancement Study of a Final Clarifier by the Optimum Design
of Inlet and Baffle Condition
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ABSTRACT : The effluent quality is directly affected by the separation of biological solids in a final clarifier because the majority of
discharged BOD;s and SS are virtually dependent on the results of biological solids in the sedimentation tank effluent. If a final clarifier
is effectively designed and operated, the desired goal of clarification for wastewater can be achieved together with the cost reduction in
the treatment of wastewater. To this end flow characteristics and the removal efficiency of SS are numerically investigated especially by
the change of the inlet position and the installation of baffle to improve the performance of a rectangular final clarifier. The 2-D
computer program developed in a rectangular coordinates has been successfully validated against experimental residence time distribution
(RTD) curves obtained by tracing radio-isotope. The lowering of the inlet position weakens the density current and induces the settling of
SS in the front zone of a clarifier. Thus the decreased traveling distance of the sludge increases the removal efficiency of SS in the
effluent. The inlet baffle installed in the front region of clarifier prevents the short circuiting flow and induces to flow into the dense
underflow, which eventually improves the effluent quality. In the case of lower inlet position, however, installation of baffle results in
degradation of effluent quality. Consequently it is strongly recommended that in-depth numerical study be performed in advance for
optimnizing a clarifier design and retrofitting to improve effluent quality in a final clarifier. '
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Fig. 1. Schematic of a typical activated sludge system.
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Table 1. Analysis of clarification failure (at high ESS) by
DSS/FSS testing®

DSS FSS cause

high high biological flocculation
high low physical flocculation
low high impossible

low low hydraulics
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Fig. 2. Schematic of a final rectangular clarifier in wastewater treatment plant.

ol23 AFALT HIFE TBAIZLY AR=RE AA
A Fse =R ZEE ¢ 5 Ao

Fig. 4= ¢ - €794 4&% RTD IHog WAy &
HAZE QEAE ZI)2 Fgdo] FYSANA Fig. 4(a)ol
Mg Zol dolA HAFEE et IFA YRz
#A7 F48 weE F43 BaHE YL Holx g
ot Fig. 4b)= 794 £38 RID FHog 44 AF
AIZED 3A1ZE R ARG AIZEN Ha 3EE JERQe
U HF AAA XY 38 9389 AsE 99o
2 3 FHA s=& AMF Zisdd. S5 F98
YAV AR 1627k0] ARE Fook AAXNE BB
WAWEAL gleng Ui Aed g9 EAE U
T AR

1.2
Keal plug Bow condition

1 wtheoratical velocity, /A,
0

Dimensionless Concentraion
{C/Cmax)
o
[=>3

0 0.5 1 1.5 2 25 3
Dimensioniess Time(t/T)
(a) ideal plug flow condition

g

T

=2
o

o
o

o
o

=
Ao

Initial arrival time or
Break through time

0 & 05 1 1.6 2 25 3

Dimensionless Concentration
(C/Cmiax}

0

Dimensionless Time (¢/T)
(b) practical flow condition with density current
Fig. 3. Calculated dimensionless RTD curve in a final clari-
fier.

J. of KSEE / Vol. 27, No. 2, February, 2005

-
14

£ Inlet position
e 1
o
g 0.8
Z;S Q.5
X
(&}
g“ 0.4
[%3
S
g 0.2
E
1]
0 1 g 4 4 & -]
Dimensiontess Time(t/T)
(a) outlet position
1.8
; Outlet position

Dimensionless Concentration
(C/Tmax)

2 4 “+ & &
Dimensionless Time(V/'T)
(b) inlet position
Fig. 4. Experimental dimensionless RTD curve in a final
clarifier.

4. FX|siM Hop R 0E

Add 229 $804 2de Gy AAANA ALY
ZAAE o) §3d 23 AAMALREZTHAY um—s—
3§ JEHez FAFR o oz $UYT 2 FRY
9 48 T2 A% 2 A H5H K524
gAY HFATE E3) FAIQL B =2e 3HE 3
AdA FPHE YEFE AZANE 5 A= 497 2 3
FHe HF 4AS} oo B2 FAAY HBAMNe Fg
AT 2Holn ALy Zzade AZARE Hzd 3
(20042; 2004b) S0 98 EEH =2 Ve giep>

rzi to offt of

41. BA=H

Table 2= & AFo)d Td HFARA) 44 2L ¢



#9497 2 7Y AFLAA A8 4F FAA de AL A7+ 181

Table 2. Design and operation data of a final clarifier

Tank parameter Final Clarifier
Sewage Treatment plant Suyoung
Width, m 75
Depth, m 3.386
Length, m 52.40
Over flow rate, m*/m” - day 12.98
Avg. flow-through velocity, cm/sec 0.265
Re” 9000
MLSS concentration, mg/L 1,600 ~1,800
Fr 0.0025
Sludge volume index(SVI), mL/g 160~200
Effluent SS concentration, mg/L 4~5
uoH ;

1) Re = —2= based on average flow-through velocity

2) Fr = (ua/:gifin(ppy——py))l/z

ARs, 283 PR 383 APA 239 /A9 54
< Uetlin olE ZAR st Fig. 29 SR 99&
A BARAE THAAT. 47 BAxILE &8 &
YHER FRHIYED TEE 24T FELT SR
und Cnl 2 AMRSIE S AZ¥ RTD FA39] Haz
FH 497 dRFNIA®E #UYEEW)S AFl 3%
2 BRI oY quA £38(e)S BEALE AR
o A FEELS Stamou §(1969)% whA7IAZ I W
2738 ASRAY HuoNY &5 YL no slip &
e AHgoigen 33 &= R dEside ¥ErE
ol gAAT. ETMY FHFL &7 AA A oz
FH A53N S A AFHGES Ao FFA vt
g2 FAREA 3 1P EDo] AuFEHA Fe SRS
FrdASLR gt

42. RYTF

1EE MLSS(Mixed liquor suspended solids)?] 2 2=
2 93 {dge AARE 4YER A wgog "o
A AAAAA Ef o ghyE vt LEFE DB o] &
£ 31X BERASERY 09 52 & vehdoh
E FAE AAANAE 155 SSUF fYsHEz 7w
AR S8 ANAUAY fdol €E5F AUA(ow)Y
FUEDG 2 A& & F Ak aHER E dFI9NE &
‘%J—TL AAstel 2 A WE FE55H% 1FELY
A& Bl AR
F1g S5t FAA QITE5H 43 Az 297 FRA
M FEYE £EEXE {9 A wE 9xF
g naste] vdebd Aotk fYFAA S m g
A FRLE SEEEE WA Fig 59 2
T A Gold ¢ E AHES uGEETH FED
o2 vehte BEFY arrt Fokd Ag HA
a8y o9 2L Y=F A7]9 Aele Fig. S(b)<

HE 2 HE ol
mlm
-l>

o
1
1

do e

e de
=2
0

]

MY 12 o X o X

5

©2HE FYTIA 2old5E Folsgen IZ
oz 248 997 949 9 2
. 2% 24uP2dd 440 24 Folt o of
AANUAT v AEFZ A
2 %+ Ak

Fig. 6= §Q7 9] BE 28
BAETY 4959 Bt ¥255
BE Ho] ETYTOE WL e AYS UYBIRL
W OWRSY SS BE E@ 2740e ¢ 4+ A4 Fig
609 ¥ $UAT AAE FAA FHHE V=FE Z
ANA FAA AeRelN $S9 S A= £dAY
Be oF At 23 HEF) S AAZEEL /I
% 2y wee] MR Jbhe 89FE osld 349

€84 EPA) ndE & F YeBE £HAY AFH

)
i
N
§5&
bl
32
o
tjo

yul

Z R 4 Aok olg Zo] ded] YTFHEAE FH &
ME WERY ARe 44 Fou AFo) HE IAA
A% 32 8979 ¥olt WERY PEE ARAD 5
Ae st AAJAZR sl EooF Frt
+2 INLET{Top)
'''''' INLET(Middie)

et INLE T{Bottom)

LS
=
B
PO P :
~-10 -5 0 5 10 18
ufu*
(a) Horizontal velocity profiles at x=5 m
e INLET(Top)
------- INLET(Middie)
3 INLE T(Bottom}
*
el
=
©
-10 -5 0 5 10 15
ufux
(v) Horizontal velocity profiles at x=10 m
e INLET{Top)
------- INLET(Middle)
——o—— INLET(Bottom)
*
b
>

AN

g
) S
, .

-10 -5 0 5 10 15
ufux

(c) (a) Horizontal velocity profiles at x =20 m
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(c) Bottom inlet position
Fig. 6. Distributions of SS concentration in a final clarifier (mg/L).

(c) Bottom inlet position
Fig. 7. Velocity vector field with inlet baffle at the various inlet positions.
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Table 3. Relative SS concentration in the effluent

Effluent quality on suspended solids, mg/L

Inlet position ~ Without baffle With baffle  Baffle effect
Top 5.17 3.88 Good
Middle 291 3.00 Negligible
Bottom 0.10 1.14 Bad
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