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Abstract This study examined the DO concentration distribution and ORP distribution using microbubbles on
pilot-scale aeration tanks. As a result of MLSS mixing and oxygen transfer phenomenon using microbubbles, different
DO concentrations were observed depending on the circulation of the liquid with the microbubble supply location on
the lateral of an aeration tank. The simulation results of CFD (computational fluid dynamics) program showed that
MLSS mixed with a microbubble supply in the middle the reactor is much better than on the left side of the reactor.
A single reactor containing an anaerobic, anoxic, and aerobic zone, was evaluated without partition according to the
location of the microbubble supply based on the experiments and CFD analysis. MLSS was separated into solid-liquid
by the microbubble supply in the aeration tank. Consequently, selecting the appropriate microbubble size is important
for MLSS mixing and was maintained at the proper DO concentration for biological treatment.

Keywords : Aerator, Dissolved oxygen(DO), Microbubble, Sewage treatment, Single reactor
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Table 2. Operation condition

Items Condition
Initial DO concentration(mg/L) 3
Initial ORP(mV) 212
MLSS(mg/L) 1,000, 2,400, 4,400

. . Bottom of reactor
Location of microbubble generator

(left, middle)
Temperature( C) 2642
Pressure(bar) 35
Circulation flow
. . . rate(™'/h) 27
Fig. 1. Aeration tank and measurement location Microbubble
generator Air flow rate 5
. . (LPM)
Table 1. List of measurement & measurement equipment
Bubble size
® @ ® ® ® Dag(m) 49.40 ~ 54.98
DO DO
Items ORP DO ORP DO DO
Al ’40]] /\}_g_ﬂ 17]1 ol 7]_01—%1 U}O]iitﬂgj %—

HQ40d, Hach, USA
* DO measurement range : 0.01 to 20 mg/L
-1,500 to 1,500 mV

Measurement

equipment
qup * ORP measurement range :
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Fig. 2. Photograph of experimental equipment
(a) Aeration tank (b) Microbubble generator
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Table 3. Application model

Items Condition
Turbulent | K- model
Model |« Steady State
Application * Phase: 2(Water, air),
Model —Continuous water inflow into reactor
Multiphase | —Air supply at the bottom of reactor
—Suppose no chemical reaction between two
phase
* Density : 998 kg/m*
Material Water | * Viscosity : 0.01006 kg/m's
property | (Except TS) |+ Cp : 4,182 J/kgk
* Thermal Conductivity : 0.6 w/mk

* Gravity : 9.81 m/s”
* Temperature : 300 K
« Standard atmospheric pressure

Operating
Condition

Table 4. Application condition of model

Items Case

* Velocity-Inlet : 0.425 m'/hr
* Second Phase VF : 0
 Temperature : 300 K

Inlet
(Water)

* Velocity-Inlet : 0.425 m/hr
* Second Phase VF : 0
* Temperature : 300 K

Inlet
Boundary |(Circulation)

condition

*No Slip Shear Condition

Wall « Surface of water : Free Slip Condition

* Outlet : Pressure Outlet

Outlet ), Surface : Air Trap Mode

* Subject : NA

* Heat insulation material : NA
» Wall Thickness : NA

* Thermal Conductivity : NA

Convection
Energy

Heat Source|* Chamber Temperature : 300 K
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Fig. 3. Variation of dissolved oxygen concentration
(Microbubble supply on the left side of the reactor)

off
£l

Ll

2.0 ~ 3.0 mg/L,
sh2 moks w, DAHE
Aba B 7R wskE = 3
o2l Fe MLSS =7t Holda5

LR e

o

o
i
&
o Mo =

yo,
3
e S dn

4

=47
)
}?\_5
N
s



EREEX

£ 39l o3 7|2y wuta §E4ka

2=

A
oX,

DO{mgfL)

il

DO{mgfL)
1
{n

=
o

DO{mgfL)

Time(min)

Fig. 4. Variation of dissolved oxygen concentration
(Microbubble supply in the middle the reactor)

Flg 4oﬂ L]—E]—HJ ]:I}-Q]— 71—0] D]'o]litqee —1 ]—JZ—
12470l F5F389S 7%, MLSS 1,000 mg/Le] %

AAE QAEE AT O, @, @, @AFANA A&
29l DO FE #A4d4S B9Ed, DO 5% =42
QAR 571, @, Q, @, QA FARYEHE AA
713 EE HslEE AL B0 & AUk MLSS
2,400 mg/L2] ZANME @A S AQ3 ZE A|Zd]

255

A DO 559 727b Uekhda, MLSS 4,400 mg/Le]
oM mlolazME FHARC] A&DrE HE
Z@/do] LERstt.

BT} ool whet vpo] AmH] o]

FRA G F3ks]o] DO Tt F7H]
MLSS 5% ©]& floce] F719} &2,
Fefatgom QI8 vlolazmEe) Ata
go] fhagl AoR AlEH

7
A A DO % i
MLSS 2|
e
o), =

O]

L1
o

i 1 ¥ m

'\___‘
H

2 ofy

3T
s

_‘:_
R
ol
=
o

e

3.2 OIO|ZEHE =%
[}2 ORP H35}
71 A543} AAE viel ZEo] ALkt Bl
g o7 o]Fo]A]7] 93 ORP 2L 7% -150
~ 2350 mV, ¥AA% 50 ~ -150 mV, £71% 100 ~
300 mVZ 234 9l
A A ORP 342 @, @ARNARE o] Fo 3
ovw F AFE WFOE Hlastrh. A4 nlo]
ARHES F71% SN T, 37148 B
oolegta gtekel DA H 9] ORPE= MLSS 1,000 mg/L,
2,400 mg/L, 4,400 mg/Le] Z7A 7t} 166 ~ 169
mV, 198 ~ 205 mV, 213 ~ 220 mVo]ith WhH,
A 1919 DO w5 ghol 374€ @A 9] ORP 374
A7} MLSS 1,000 mg/LellA 128 ~ 136 mV, MLSS
2,400 mg/Lell A 192 ~ 202 mV, MLSS 4,400 mg/Lol
2197 ~ 215 mVZ RIFITE HE, @A HA 9
&3t Abaggol o] FolxA] Pof 4% DO FE T
AARE U 3 wlolagHEo] £
s o] FAe] BFe wet =YUEER QAHORE o)F
ol w2t 7159 wa7F AX S JFEL] wEel
ORPY| #4 A =& R et Zlo2 AlgHth
Z71Z 12230l A %,—} %!

2ol

A (e}
FTEIE

A0

o

\=j
5

o]
AR

=

= Sl %

__:_
=

o]l AZHE-S U
MLSS 1,000 mg/Le ZAoA OAH 2 OAH
ORP: 747} 135 ~ 155 mV, 82 ~ 91 mV01911,
MLSS 2,400 mg/L2] ZFHlA DA 2 @xH<
ORPE= ZH7F 134 ~180 mV, 184 ~ 188 mVo|Uth

o
T
Z] o]

MLSS 4,400 mg/Lel ZANM DA 2 Q@AF9
ORP+ Z}7Z} 212 ~ 220 mV, 197 ~ 215 mVe]3ith
B T2 o] HAINE o ol EAfsta iR U}Ol
Az Fo] AEHA ¢ FAHUA S3HA Hi

3 g o] gt nAEe] §715S A7) El
DE ORPY gro] 49| gto= Z4¥ Zlow Azt



StAlksl7| &5k =2 R ALTE A5SE, 2016

3.3 Ojo|FEHE 3=
¢ Hlu-FHF
Fig. 50 =71z #=

Xl = LR

SollAd

1 1/24] 5 o A U}ﬂﬂiﬁi—‘;‘—
Yol tisle] fAlf-5

ol A UMEEHJ%% x

El
re

N‘
s
%

O>“

U
:I:‘4

o
fru
=
fuj
=
32
i
il
N
lo PN EI
N
fm

ofr
ok
2
[o
e
b
T
A
[
n
mﬂ’,
oé
A
g2

i
—_
]
x
X
=2
2
o
=
o,
iy

o
i
4 o
e
o
5
1
e
% 2 e
El
OH rlI
cgt
o,
o
-lN
it
9
2 ot jo o & do

> Boxe
rtlmjﬁifz

N
PN
=
% o
1o
>
o
1o 19 o
) o ¥

4t owE M =R E
illuA
tlo
of

e
El
=
o
ox -
o
Y
E|)\{
o
=
ol
i)
o

9
By
rr
=
o
gL
ro,
]
¥
pasa
32
o

3.4 Olo|32HE 2§t &2{X| BA
Fig. 60 27| & ARG S 799 nlo]amM &85
AFEES A9 Fm =S wwEtg) A BS AFeE
739 MLSSY] &3to] 2 o] Fo| X A1t nlo]| A ZH LS
0] 8819 A% Fig. 70 UERG ule} 7o) floco] wlo]
Az B} A Fgslo] MLSSTH S e AS

o]
=
-

sh1a 4 QlolT). welA, vlolmw o] 4B A
22 Slalo] Babe] BAjo] ol MLSSS] 43} 42
# DO BE §4% 2oz AgH7] anE A%
Fqol We A48 2r)9) WEAE] R Aow
ferdh
o IE

(m/s)

Fig. 5. Fluid flow by microbubble-inlet position
(a) left of reactor (b) middle of reactor
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(b)

Fig. 6. Comparison of surface in aeration tank(sludge
flotation) (a) Air diffuser (b) Microbubble generator

Micro
bubble

Fig. 7. Solid/liquid separation in aeration tank by flotation
with microbubble
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