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INTRODUCTION 
 
Generally, tanks are characterized by hydrodynamic 
phenomena, such as density water, Eddy’s currents, 
sensitive to temperature changing and wind effects. As it 
was well known, disinfection tanks which used to remove 
pathogens also will be influenced by hyd
condition during disinfection process. Many factors could 
be influenced the performance and efficiency of 
disinfection tank such as velocity flow 
basin (Razmi, et. al., 2009), concentration and 
suspended particles characteristic (Sam
effect  of  turbulence  flow  (Gou et. Al., 2009),
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Abstract 

 

Direct evaluation of the performance and efficiency of
could more costly and time consuming. Mathematical model
alternative to observe the hydrodynamic in a
Mathematical model was constructed from two hydrodynamic
namely the continuity equation and momentum equation
aims to study mathematical models of velocity, NRe, NFr, E.coli distribution 
and residual chlorine patterns in baffle channel disinfection

 hydrodynamic model (HPAd Model) mathematical
includes the formulation of mathematical models
visualized with Mathlab, the acquisition of primary data
models, testing the model using Mathlab with the primary data input.
result of running the program input data showed variations in 
distribution patterns in the disinfection basin which explained that the 
channel from the inlet to the outlet there is an increase 
pattern (u), Reynolds numbers (NRe) and Froude numbers (NFr)
distribution and residual chlorine decrease. This research focus on pattern 
of hydrodynamic to disinfection process, thus sim
E.coli can be removed around 30%-50% and residual chlorine 50
removal. Implementation of the HPAd model still in laboratory scale 
effect of hydrodynamic conditions, then the research will continue to 
optimum disinfectant dosage to remove organism in relation with 
hydrodynamic condition. 
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outlet design (Ahmadi, et. al., 2007), baffle used to flow 
control (Athanasia, et. al., 2008b), detention time 
(Athanasia, et al., 2008a). 

Direct evaluation to performance and efficiency of 
disinfection tank require more costly and time consuming. 
Mathematical modeling was one of the alternative ways 
to determine of the flow field and hydrodynamics 
conditions in disinfection tanks. Many resea
used mathematical modeling with same principles but in 
different methods (Lopez et.al.
2008). One of the mathematical 
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al., 2007), baffle used to flow 
al., 2008b), detention time 

Direct evaluation to performance and efficiency of 
tank require more costly and time consuming. 

Mathematical modeling was one of the alternative ways 
to determine of the flow field and hydrodynamics 

tanks. Many researchers have 
used mathematical modeling with same principles but in 

et.al. 2007; Kantoush, et.al. 
2008). One of the mathematical  model  is  Hydrodynamic  
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Pollutant Dispersion in River (HP2S). The model is based 
onconservationlaw of mass and energy, 
mathematicsstructureof differential partial through Leap 
Frog explicit finite difference numerical method that 
model visualized by using Mathlab computer program 
(Karnaningroem, 2005).  

This current research used HPAd model to make 
formulation of mathematical model of flow velocity, NFr 
and Nre patterns in baffle channel disinfection tanks and 
to analyze the effect of hydrodynamic to the residual 
chlorine and distribution E.coli. It based on transport 
mechanism in pollutant dispersion was analogized to 
pollutant transport phenomenon in river. 
 
 

MATERIALS AND METHODS  
 
Optimizing coagulant dose 
 
DPD method was the experimental to determine the 
optimum disinfectant dose, which it used chlorine and 
calcium hypochloride. The experimental consist of a 
coagulation tank and flocculation tank bothwith turbine 
mixer, a rectangular sedimentation tank and baffle 
channel disinfection tank 
 
 
Providing instrument 
 
Scaled physical models were based on a similaritytheory, 
which used a series of dimensionless parameters that 
fully or at the least, partially characterize the physics. The 
choice of a scaling factor n=Lp/Lm, or length scale ratio, 
to be used in the experiments, was determined by the 
objectives of the research. According to the length of the 
tested section and laboratory constraints, the present 
laboratory model has been designed with horizontal and 
vertical scales of nh=nv=25. The selected flow rates were 
selected to take into account the tank dimensions 
according to Reynolds (NRe) and Froude numbers (NFr). 
Runs were carried out with injectionoptimumdisinfectant 
dose for 5 and 2.5 mg/L and running carried out with flow 
rates 1L/min, 2 L/min and 4L/min.  
 
 
Identification pattern 
 
For identification of flow patterns, fluorescent was 
injected and the evolution of the color vein was observed. 
It is first step to the study hydrodynamic condition in 
baffle channel disinfection tanks, so that the                      
observed phenomena (recirculation, preferential                       
flow paths, etc.) could be used as a qualitative                 
orientation in the comparison of quantitative models. For 
identify of distribution E.coli and residual chlorine,                
Smart Spectrophotometer took samples at 7 different 
points of surface basin into account E.coli and free 
chlorine. 

 
 
 
 
Mathematical formulation 
 
Formulation for mathematical modeling based on 
formulation of mathematical in hydrodynamic model 
(Karnaningroem, 2005), which mathematical models are 
based onthe law of conservation of mass, conservation 
lawsand momentum transport phenomena. Results 
formulation visualized with Matlab program that obtained 
model patterns.  
 
 
Computer simulation 
 
The HPAd model was prepared with visualization by 
Mathlab program after changed axis y as width of 
riverbecame axis z as depth of tank. Experimental data 
were used for simulation HPAsmodel. Next simulation 
conducted with length sedimentation tank variation to 
observed hydrodynamics condition. Outputs of running 
model were visualization of horizontal velocity flow, 
settling flocs pattern, turbidity, and NRe and NFr. 
Application of HPAd model have assumed sample was 
free chlorine, no back mixing, E.coli and disinfectant 
distributed along the tank, pH and temperature is 
constant. 
 
 
Theory and calculations 
 
Mass conservation equation simplifies to Equation 1 
because the mass flow changes resulting from changes 
to the length and depth of the basin and the runoff or the 
source of the mass inside, where the disinfection reactor 
is injected by disinfectant. 
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With the application Leap Frog method, then it becomes 
Eq.2 
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Based on non-linear stability analysis [4], then it becomes 
Eq.3. 
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Momentum conservation equation reduces to Eq.4 
because there is a change of mass flow due tochanges in 
the length and depth of the basin, hydrostatic force, 
advection force  
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Because of the influence of velocity direction, then Eq.4 
is converted into Eq.5, i.e the momentum equation on the 
x axis (length basin). 
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 Figure 1.Visualization of  mathlab program with flow rate 4 L/min in upstream
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With the application Leap Frog method, then Eq.
converted into Eq.6 
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Eq.4 was changed to Eq.7, namely the momentum 
equation on the y axis (width basin). 
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With the application Leap Frog method, then Eq.
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Based on non-linear stability analysis then transformed 
into Eq.9.  

.Visualization of  mathlab program with flow rate 4 L/min in upstream 
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Transport phenomena equations
the application Leap Frog Method.
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Based on non-linear stability analysis [8] then 
transformed into Eq.11.  
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Formulation of mathematical models of settling flocsin the 
sedimentation basin that is Eq.3, Eq.6, Eq.9
visualized using Mathlabprogram. 
 
 
RESULTS AND DISCUSSION 
 
Physical model with length of  basin=75 cm, 
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Figure 2.Visualization of  mathlab program with flow rate 4 L/min in downstream 

 
 
 
compartment = 10 cm and depth = 25 cm is used to 
identify the flow pattern, flow velocity measurements and 
the identification of distribution E.coli and residual 
chlorine. From the results of running by using physical 
models derived data, namely the horizontal flow velocity 
data, the value of E.coli and residual chlorine. The other 
data consists of: dimensional basin, detention time, flow 
rates, flow rates of runoff, velocity injection. These data 
are input to run the model in Mathlab. Running the model 
for all points, it has 7 points on the baffle channel 
disinfection tanks such as sampling at : inlet, outlet, 3 
sampling on straight flow, and 2 sampling on turn flow.  

Output running HPAd model of horizontal flow velocity 
pattern (u), the pattern of Froude Number (NFr), pattern 
of Reynold Number (NRe), the pattern of distribution 
E.coli concentration (c) and distribution residual chlorine 
(s) as a parameter to analyze the model. Output from 

running model are NRe showing turbulence flow 
conditions and NFr, which indicates stable flow 
conditions. 

Simulation  HPAd  model  in disinfection tank used  
only  on  the certain  of  horizontal  flow velocity, 
Reynolds  number,  Froude  number, residual chlorine 
concentration, E.coli concentration, retention times and 
depth of basin. It was happened because of influenced of 
a shear force, which fluid flow movement in each layer 
would be experience of mixing between layer in small 
scale and would be generated tension force then kinetic 
energy decreased (Van der Walt, 2008). While 
distribution velocity became increased in simulation. The 
organism and disinfectant interaction increased with 
increased of turbulence intensity. 

Figure 1 and Figure 2 showed simulation of HPAd 
model with type and  dosage of  disinfectant  variation  to  



 
 
 
 
ensure that hydrodynamic conditions has same pattern to 
length basin constant. This paper showed sampling and 
result in theupstream or inlet and in the downstream or 
outlet. Behavior of hydrodynamics in baffle channel 
reactor was influenced by kinetic energy, which the 
biggest was on surface basin and dissipated along with 
length and depth of sedimentation basin. Therefore, 
velocity became increase and organism were distributed 
and contacted with disinfectant from upstream to 
downstream channel of the tank thereby dragging fluid 
along. The movement of fluid in turn affected to the 
disinfection of organism. It was mean that NRe, NFr, 
chlorine residual increased and velocity rate was 
increased due to turbulences. Based on simulation model 
experimental, decreasing E.coli didn’t show significant 
results, only 30-50% compared with decreasing residual 
chlorine 50-80%. It was caused by disinfectant ability to 
react and to oxidize organism or others than E.coli. In 
other case, this research used dosage and type of 
disinfectant such as monocholramin and free chlorine in 
dosage 5 mg/L and 2.5 mg/L, respectively. This 
parameter will not influenced the pattern flow velocity and 
Froude Number. Dosage and type of disinfectant will 
influence the pattern of Reynold Number due to effect of 
acceleration and dragging flow correlated to dispersibility. 
While E.coli distribution and residual chlorine pattern will 
be influenced by dosage and type of disinfectant due to 
disinfectant was used for reducing E.coli and remaining 
chlorine as rest of product after chlorine reacted with 
organism.  
 
 
CONCLUSIONS 
 
Formulation of mathematical model of disinfection 
patterns developed from HPAd model can be used in 
baffle channel tanks by using the parameters of the flow 
velocity pattern, the pattern of E.coli distribution, residual 
chlorine, Reynolds Numbers and Froude Numbers. 
Formulation of mathematical models of disinfection is still 
limited to the hydrodynamic model because the 
simulation has proved that dosage and disinfectant type 
will influence Reynold number, E.coli distribution and 
residual chlorine concentration.  Behavior of hydro-
dynamics in baffle channel tank was influenced by kinetic 
energy. Application of HPAd model have assumed 
sample was free chlorine, no back mixing, E.coli and 
disinfectant distributed along the tank, pH and 
temperature is constant. Implementation of the HPAd 
model still in laboratory scale and the research will 
continue to validate the model by using pilot scale 
implementation, such as in water works. 
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