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Abstract

An Ozone reaction model combined with CFD(Computational Fluid Dynamics) technique was developed in
this research. In the simulation of ozonation, hydrodynamic behavior as well as reaction model is important
because ozone is supplied to treated water as gas ozone. In order to evaluate hydrodynamic behavior in an
ozone contactor, CFD technique was applied. CFD technique elucidated hydrodynamic behavior in the
selected ozone contactor, which consisted of three main chambers. Three back-mixing zones were found in
the contactor. The higher velocities of water were observed in the second and third compartments than that
in the first compartment. The flow of the opposite direction to the mz?in flow was observed near the water
surface. Based on the results of CFD simulation, the ozone contactor was divided into small
combartments. Mass balance equations were established were established in each compartment with
reaction terms. This reaction model was intended to predict dissolved ozone concentration, especially. We
concluded that the model could predict favorably the mass balance of ozone, namely absorption efficiency
of gaseous ozone, dissolved ozone concentration and ozone consumption. After establishing the model, we
discussed the effect of concentration of gaseous ozone at inlet, temperature and organic compounds on
dissolved ozone concentration.
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State variable Symbol Unit
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Hydroxyl Radical HO" M
Dissolved Organic Carbon 1 DOCH mgC/L
Dissolved Organic Carbon 2 DOC2 mgC/L
Assimilable Organic Carbon AOC mgC/L
Carbon Dioxide CO, mgCL
Geosmin Geo M
2-MiB MIB M
Bacteria Ba Countit, CFUL
Bromide ion Br M
Bromate ion BrO; M
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Fig. 1. State variables and reaction pathways.
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Table. 2. Reaction rate equations
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Table. 3. Reaction rate constants, molar ratios and conversion coefficients

Reaction rate constant Value Ref. Molar ratio Value Conversion coefficient Value
K.a s 0.003 11)
K1 03 s 0.0015(RUN1) 23)
0.0012(RUN2) 23)
0.001(RUNS3) 23)
ki Ho s 0
Kogs (MgCA)'s™ 1.0x10° 89,12~17) ooy (MECM™  1.2¢10°
Kono (mgCL)'s™ 2.0x10* 89,12~17)  1puo (MGCLM™  1.2x10
Ksoa  (MgCAY™s™ 1.0x107 89,12~17)  nyos (MGCM™  1.2x10°
Koo (mgCLY's™ 20x10* 89,12~17) o (MGCM™  1.2x10°
Kios (mgCL)'s™ 0 Maos (MGCLM™ 1.2x10°
kewo (mgCL)'s™ 0 Naro (mgClL)M“ 1.2x10*
Ksos (mgCA)'s™ 1.0x107™ 8,9,12~17) Hsos (MGC/LM™ 1.2x10*
Ko (mgCAy's™ 2.0x10* 8,9,12~17) Tsro (MGCLIM™ 1.2x10*
keos (mgCL)'s™ 5.0x1072 8,9,12~17) N0 (MGCL)M™ 1.2x10*
kepo (mgCAy's™ 2.0x10* 8,9,12~17) M6 HO (mgC/L)M‘1 1.2x10*
kros  (mgCML)'s™ 0 r0s (MGCAM™ 1.2x10*
krno  (mgCALY's™ 0 Mrro (MECILM™ 1.2x10*
Kso3 Mg 0 18,19) 803 MM 1 Vs03 (mgC/L)"M‘1 1.44x10°
Ks Ho M s 1.4x10'° 18,19) 18.HO MM 1 Vg Ho (mgC) "M 1.44x10°
Ky 03 Mg 0 18,19) .03 MM 1 Voca (mgCL) "M 1.32x10°
Kg o Mg 8.2x10° 18,19) MmO MM 1 Voro (mgC/L)"M'1 1.32x10°
Kr00 Ms™ 1.0x10° 20,21) Tho,0e M{count/iLy™! 0 V1008 (ML) (countL)™ 0
Koo Mg 0 20,21) ho.on M(countiL)™ 0 V iHo (MCALY ™ (countiL)™ 0
Ki,08 M's™ 0 10) 1,03 MM 3 V11,08 MM 1
Ki1Ho Mg 1.0x10'° 10) MiHo MM 3 Vi1Ho MM 1
width: 9.7 m 282 qAIg Flojy T ik 2 A WK HE: L
v F29E 53 FHAT. AHFH oY 2F A
ZRE k2, AR 3x302 THIPO BeRe
£ 7h8 . AE 1x302 FRIg 2 2x1d R &3
3 Agoz g adgAeis 2Adne g 2
® ® ) grid-‘l] “/P"W 7Jf ﬂ@% 3 —"E}Z}—‘r—a‘ T3 3%
40m 15m Eht -,—x]—z} Ag 7k AY S B] LJrE}q]‘—
Fig. 2. Side view of ozone contactor. Zkoloh,
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Fig. 3. Hydrodynamic behavior in the ozone contactor described with vector and shadow contour.
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Table 4. Operationat condition

Division waterﬂ;)w rate  Gas szw rate  Gas conc. Exhaust gas conc. Watertemp (°C)  Holdup  GrL coefficient
{m°/s) (m“/s) (mg/L) (mg/L)
RUN1 1.12 0.039 14.6 24 26.7 0.006 0.247
RUN2 0.94 0.039 12 22 232 0.006 0.266
RUN3 0.78 0.040 6.6 11 18.3 0.006 0.299
Table 5. Initial condition
DOC1 DOC2 ACC Geosmin 2-MIB Bacteria count/L, /L Br BrO;
Division  (mgcn) (mgCl)  (ugC) (ngh) (nglL) CFU W) gy
RUN1 04 1.2 0 100 100 1.0 107 20 0.3
RUN2 0.3 1.3 0 100 100 1.0107 19 0
RUN3 0 1.5 0 100 100 1.0107 47 0
432718 e 22 )
F7182 F A0CS A 7 2 tzl FYst RUNI @) D [
A WugC/L7 AREE Aoz 234 Wl B ® are A | 4 1 4
9E o] &3l o238 Fhe 62~89ugC/LE A AtE 17 : )
A% Aoz 23 WA AZHAAT WP 4
1S 2SN §7189) £49) WHE $E 0F
FES WMol B BEAUA wAE Ao BE ¢
foh, 07
Geosmin¥} 2-MIB, 18] 1 bromate o]-22] A& %0-6
Al OH 2ht)2 ol ol o) =)l (Table3 & Tos |
Z), ¥ g 2N OH 2heZ o9l 3= R §o4 &
gol o8 FHETH R, g dutdoz 107~1010 B
o wefel gort, Re pH % FedldE of gl
PBolx = Ao g Busa Yot(Elovieze von 02
Gunten, 1999: Elovitz %, 2000: Haag9} Yao, 1993), 0.1
T RS 2ET 22T 9hgo JEE W) o 0 - - : :
ol AA oM Be & 234 vE7t ¥e ¢ 02 04 06 08 !
t}. t}2 Fig. 6= bromate o] &¢] At g3} =3 gzt calculated (mg/1)
S v w3t Holt}l, bromate ©]-&¢] AAA| R, @tel&  Fig.5. Comparison of dissolved ozone between calculation and
detection.

3.0x 1002 AP eH, A7ty Hgez
AR Aoz ddEn}, wgel 27 dAdM o=
3 {7l EHY] dgoRRE B2 OH drjde] A
A5 22 RUN 13 29 HE2d IQUAE DAy
bromate ©]2o] HAFr} FPon wiwiol RUN3
el MEY IRJAE Do+ R.gke] FA3MA &
£5o] A dF3e AL 2 F o Y
o] & We 2oz Q3 AT FEges 4
5% XAE @dAE A9 #Hrlske Ao veyt
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Table 6. Comparison of exhaust gas between calculation and

detection
Division Calculation{mg/L) detection(mg/L)
RUN1 24 24
RUN2 2.1 2.2
RUN3 1.3 11
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Table 7. Parameters investigated in the calculation

Gas concentration (mg/l.) 5 10 15 20
TOC (mgfL) 16 24 32 48
DOC1 (mg/L) 04 06 08 12
DOC2 (mgik.) 12 18 24 36
t}, olo R, @& W02 <l Wt 32 s
oM< pHt 23te] 4eBAE getgicta of
g g2 5% A2 A€

nWERE NAH E ohie #3554 1.0 x
105M7's" 2 R AR HEE olF 2 hHd] AAHE

oz vepgth

H‘]

Table 73} 2t}

371 2AYE BAG 8F &9
sxo 7H &9 F4
7} Fig. 60 A 8H%ith,

Fig. 67} Fig. 7014 JeftRo], £& 2&%=E
7% & %‘Q%Eﬂ 57}011 H#Hsle) dgzon
Z7hke A Folt &2 225%e TOC 5
= 163 4.8mg/L°ﬂ*1 oF 0.15mg/L,1 A}o] & HolH,
#7] Table 78] TOCZANAH 2R & o2&
ETE 05mg/LE B3] 3N E N8 2F BE

2101, 108, 11.6 2 13.0mg/L2 FYstojok gt}
ﬁi F5E8Y Ade 79 L& T FUMES
2 234 #asle Ags B2u. diEe AL
W% =9 FFES Hol|Aw f7]1EY d&L of
F ulokgt Aoz vepda gtk B dAFoA AR
g TOC v& ¥ E 2F F5E°] F7H38IA
2k,

o
&3

ol A ¢
£ (absorption efficiency) 2z}

4.5 2o A

£& 22 o U3 259 T 2 HY
15°CellA] 30°C2 F71g o, Y& F% 10 23
3 1Smg/Lol A B ATH 2o AAFAQA FEE
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Fig. 6. Effect of organic compounds on dissolved ozone
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Table 8. G-L coefficients and ozone self-decomposition rate
constants(k, o,)

Division Temperature(°C)
15 20 25 30
G-L coefficient 0.328 0.287 0.256 0.232
Ky s (87) 00008 0001 00015  0.0025
1r e —-7 100
09 1 90
208 {80
< 8
€07 | 70 2
-1
Sos | 160 3
a ‘s
R - -
50.4 4 2
o
303 | {13 §
b 03 Gas conc. at inlet (mg/1) ‘3
éo.z - 10 15 20 §
5 DO, [ A L
10
01 Efficiency (0] A
0 Y : : ‘ 0
10 15 20 25 30 35
Temperature (°C)

Fig. 8. Effect of temperature on dissolved ozone concnetration.
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