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ABSTRACT: Disinfection is a process designed to disable pathogens, thereby preventing the
transmission of waterborne diseases. An important aspect of chemical disinfection is the design of
chlorine contact basins. Chlorine contact systems with sufficient time (contact time) disinfect the water
for chemical reactions to inactivate pathogens. Design of chlorine contact basin or chlorine contact tanks
is to maximize the phenomenon of residence time through the flow of spiral of baffles through the basin
or contact tank. Historically, chlorine contact tanks have been investigated by empirical relationships,
physical model studies, or tracer studies after the construction of a contact tank. Construction of
laboratory samples and tracer studies are time consuming and costly. In recent years, computational
fluid dynamics models have been used to investigate the flow and processes of solute transport in contact
tanks, which is the best way to design contact tanks before construction. In this study, a 3D simulation
of the CT-1 contact tank is performed using Multiphysics 5.3a software. Also, several 3D simulations
in the CT-1 contact tank, in which the effect of the baffle orientation in a longitudinal direction with
three different channel widths was performed, it was concluded that the narrow channel with a ratio of
Winlet /Wch=0.68 (channel to inlet width ratio) and Lbo / Wch ratio (baffle opening length to Channel
width ratio) equal to 1 has the highest baffle factor and the least amount of Morill index and therefore
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1. INTRODUCTION

Chlorine contact tanks are commonly used to disinfect
drinking water before distribution. These tanks are usually
open compartments that are divided by a series of baffles.
The separation of the compartments helps to control the
flow of water through the tanks and improves the process of
disinfection of the chlorine. The main purpose of chlorine
contact tanks provide a suitable residence time for both
micro-organisms and disinfectants to achieve the desired
degree of inactive germs [1].

In this study, the simulation of the 3D model of
the CT-1 contact memory model using the Comsol
Multiphysics 5.3a software is presented. The experimental
model of this tank located at the Hyder Lab of the Water
and Environmental Research Center at Cardiff University
of England (Fig 1) [1].

The orientations of the baffles along the longitudinal
direction are simulated in three wide-channel, normal,
and narrow channel widths, and three modes of L, to
L, ratio (rotational radius ratio around the baffles to the
tank length) of 20%, 40%, and mode L, = W (W the
input channel width) were considered and performed.

*Corresponding author’s email: mahdi.asadi.a@gmail.com

The Residual Distribution Curve (RTD) and Flow through
Curves (FTC) were extracted for each mode in order to
evaluate and compare their performance.

2. METHODOLOGY

In this simulation, the geometry is plotted in the Comsol
software environment. The tank with dimensions of 3 x
2 x 1.2 meters has 7 baffles with dimensions of 1.2 x 1.63
x 0.012 m and the walls are spaced at the same distance of
0.365 meters. Also, the channel entrance level is 0.365 x 0.3
m and the water depth is 1.02.

The produced mesh in this simulation has been Coarse.
Simulation of the CT-1 tank model is performed over three
stages. First, the steady-state simulation of turbulent velocity
field is performed, simulation time for this stage 3 hours 25
minutes and 59 seconds. The second and third stages, the
concentration field is simulated with respect to immediate
release of tracer in unsteady state conditions for calculating
the residence time in the form of pulses and steps release.
Simulation time is 4 hours and 48 minutes and 34 seconds
for a pulse release, and is 3 hours 45 minutes and 19 seconds
for the system CPU 3 GHz and 8 GB of memory respectively.

The reaction speed equation is obtained by using
equation 1:
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Fig 1. Geometric Contact Tank Model CT-1 [1].

Table 1. Results of hydraulic performance indicators for CT-1
contact tank

CT— 1 Tank tm/T tgo/T MI
EXP 0.7 1.48 2.12
Comsol 0.71 1.3 1.71

Table 2. Calculation of hydraulic performance indices for
longitudinal orientation of baffles.

MI BF
L L Luo/ W Luo/L
b (wide) | (wide) | De/Wer | Too/Lr
L, | 26 3.05 0.68 0.8 0.2
L, | 2.2 2.78 0.64 1.6 0.4
Ly | 25 2.52 0.68 1 0.25
MI BF
L| L Loo/Wan | Lo/L
b (Normal) | (Normal) bo/ We bof Lt
Ly | 2.6 1.97 0.81 1.21 0.2
Ls | 2.2 2.17 0.76 242 0.4
Ls | 2.67 2.14 0.82 1 0.165
MI BF
L| L Loo/Wen | Loo/L
b (Narrow) | (Narrow) bo/ We bof Lt
L;| 2.6 1.57 0.80 1.6 0.2
Lg | 2.2 1.59 0.82 3.2 0.4
Lo | 2.75 1.55 0.86 1 0.125
oCl
—=—k (I (1)

Oox

Where Cl is the concentration of chlorine, k is the decay
rate of disinfectants that is generally dependent on the quality
of water and also the conditions of disinfection .In this study,
the concentration of chlorine at the inlet and equal to 1.2 mg /
l and the amount of k used is equal to +10%2.77 S [2].

The calculation of the concentration in the pulse is
obtained by equation 2:

C(t)

E@)=—
jo C(t)dt

(2)
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Where C(t) the concentration of the tracer at the outlet
of the tank and E(t) is a function, which represents different
time of the presence of fluid in the tank [3].

The calculation of the concentration in the output from
Equation 3:

Fy= <O 3)

2.Co
i=l

Where C, is the initial concentration of the tracer at the
injection moment to the tank input, and F(t) indicates the
cumulative distribution function [4].

Usually a dimensionless time (0) is defined which is
the ratio between time t and time T, theoretically restraint.
Equation 4 is used to calculate hydraulic performance
indicators and compare them [3].

o=L (4)
T

3. RESULTS AND DISCUSSION

Table 1 shows the calculated hydraulic performance
indicators for the CT-1 contact tank using distribution curves
of the residence time and the flow curve in the output of
the contact tank. These indices are t /T,  t, /T, MI, which
are compared in two EXP (experimental study), Comsol
(numerical simulation performed in this study by finite
element method).

Subsequently, more simulations were carried out to
determine the effect of the direction of the baffles in the
longitudinal direction. Table 2 shows simulation results
for baftle orientation for three wide, normal, and narrow
channels.

Finally, from the sensitivity analysis results in the direction
of the baffles in a longitudinal direction it concluded; from
three channel widths (wide, normal, and narrow), the highest
amount of baffle factor and the lowest value of the morill
index (values close to 1) refers to a narrow channel with
values of 0.86 and 1.55, respectively, for the Baftle Factor and
the Morill Index. In fact, the geometry of the L, tank with
dimensionless ratios of the baftle length mouth to the width
of the channel equal to 1 and the ratio of the baffle mouth
length to the length of the tank equal to 0.125 since the
flow conditions is close to the ideal flow of plugs and more
uniformity and reduction of rotating flow and dead regions
thus it is the optimum hydraulic mode.

4. CONCLUSIONS

In this research, numerical simulation of chlorine
disinfection contact tanks using Comsol software has been
investigated. Using the hydraulic performance indicators, the
performance of the tank is determined. The best performance
is when the amount of Baffle Factor (t,/T) is maximum and
the Morill index (MI) is minimum. The initial simulation
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results showed that numerical results have good agreement
with laboratory model results.

Further simulations were performed to investigate the
effect of baffle orientation on the hydraulic performance
of contact tanks. The results of the sensitivity analysis of
the orientation patterns of the baffles in the longitudinal
direction; in three cases of wide, normal, and narrow
channels, showed that, in the first scenario, the wide
channel with a ratio of W /W _=1.37 (L, tank), in the

second scenario of the nl:)l;tmal channel with a W/
W =0.9 ratio (L, tank), and in the third scenario of the
narrow channel with a ratio of W, /W _=0.68 (tank L,)
is the optimal hydraulic mode of each group. As well as
comparing the optimal state of each group with each
other, the L, tank with the highest baffle factor of 0.86

and the lowest of the Morill index of 1.55 are the optimal

hydraulic state. In fact, from different widths, wide and
narrow channels, a narrow channel with a ratio of W,/
W, =0.68 optimal hydraulic mode. It was also observed in
the narrow and normal channels that, with decreasing L, /

L, ratios increased hydraulic performance.
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Table 1.Turbulence model parameters
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Table 2. The geometrical parameters of the orientation of
the longitudinal baffles
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Fig. 9.Comparison of FTC flow curve Numerical results of
simulation model with experimental results of concentration-
Step at CT1-C tank output

SRS (S35 05t 005 dnkr Slp Jsire ol S o0 2L,
@ e 0 T e (il coled (5l sl (Sdgpuee
s e Ll b s e oS sasl oo, T e eyl J3l
plsl (s sl o)l520) Lo J3L 5l oslinal 8,1 51 b 2 dmns
e G Sl (oled 3o SIS 50 0u 00l 13 sla J3L o9l
P2 &S opFe So U by gl alS g 5 GYeb el
@ ke g (Sgaedd pled (loj GBS (6595 55 Sl (e 9
JA] o83 W b,z lld ol Sop

S5 sle sy gl |, a5 F g uem 0 Shee oS ¥ Jpur
o @l 2L OlF oo Joir 4 az gl was oo plad et
4] sges O |y goles

Slp oad dalne Sdgjaee LS slo 25ls ¥ Jour
g il loy ase sloyloged 5l eolaiwl L CT-1 _wles 35
Gl s (oo LS 1y (euled e (29F 0 Ol (e
> g0 0 a5 6% 5 MLt /T & /T 5 wsjle b asls
el soae (g3lwacs ) Comsol (alKisle;] axlllas) EXP
sobed el ond dliie (Sguzme ledl (g, b gy cnl o 0
Al oo Vg A S jloges 4 azgi b oad anlee slo el

a5l oud plonl alaglej] Joo adgi 6l p adgl (s3le 4
CT-1 5 025 lo 0ols b (s30e @l G (i el &
Jodz 0 Juse Cols ) soue Jow cm i blg S ols olis
Wb ¥ o) 25l ol ke Joe sl Jodod g (o) ls 0

2
»s T e —
CalSi el gt e e
k] -
o
e
.S -
a !i : 3
e

@ L il 4t Jaojl Jool> goue gl (S dumlio 1 A JSo
CT1-C 350 o955 30 RTD cdalé— Wl 2isl sl

Fig. 8.Comparison of the numerical results curve obtained

from the simulation model with the experimental results of
pulse-concentration RTD at the output of the CT1-C tank

3,18 8929CT1-C

SHoer 2L sla a3l YT

(Sl 2l sle el Gy bl i ol o
U SURR VL= U i PR PRI K PV P LE S KSRV DN SR E
258 (oo plnl le 4l I Jolo b

9 00 59,47 ST (Sgyaee oacas o Sles slo (Ll
90 2l CoheS iz o8 b T Ll S (o 55 508 (Slg e
a5 0 5,0 5l ale b asls pl i o lid |, Ul
ool jlasye e g Ve b oS o Job aSiiley o 5l ausjle
s el (BE)T L )5Sl s (35e (o795 @ b,
[A] MDD

(3l 5,85 oloy) TDT & T | cos lgie 4 BF a3ls
Oy 0 L3 Sy S1) oligS lae aSlol] g oo cay s
Slass a4 il wled jo IS L B ojlasl 4y 5 0l oy owled
aaS olisS Jlae onuay (pl A 0K Ojge 095 A Sereas aS
Sy90 yden &5 Cowl cadll wns oo Glid |y 35 10 (09 0
5o +/Y BE jlaie Yaane J3b a0y 350 005 oo 1,8 oolazu!
Syl 1V e BE Jlade S JT el obya b oybe asldl> o
O Sy (asu) el Jlade a5 sl LS a3l G MI

1 Hydraulic Efficiency Indicators
2 Baffle Factor
3 Morill Index

Ve



VAE B AN doxio AYAR Sl oA oyl DY 095 ¢3S ol () pe subiee 4yl

AP Sdg o o Slee oS Y Jous

Table 3.Four-tier hydraulic performance code
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Table 4.Results of CT-1 Contact Tank Hydraulic Performance Indicators
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Fig. 10.Diagram of calibration results for 4 different mesh modes
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Table 6.Calculation the coeflicient of determination for each mesh mode

Sl 95 R* oy
Normal Q/YVY.
Coarse q4/v#7.
Extra Coarse q4/v4aY.
Extremely Coarse A4/0%7.

b Bl Jsb o5 oz SS9y 25 b (w5l ailxo 1Y Jgux
Table 7.Calculation of hydraulic performance indices for longitudinal orientation of baffles
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Fig. 12.Changes Baffle factor in the ratio L, /L _for Normal
channel
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Fig. 12.Changes Baffle factor in the ratio L /W, for
Normal channel
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Fig. 12.Changes Morrill index in the ratio L, /W, for
Normal channel
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Fig. 13.Changes Morrill index in the ratio L, /L, for
Narrow channel
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Fig. 13.Changes Morrill index in the ratio L, /W for
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