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Abstract
Background and Objectives

Pre-sedimentation basins are considered as the major and important components in water
treatment process through conventional method. Because of the high cost of constructing these
basins, which is approximately 30% of the total costs of water treatment plants, modeling and
optimum performance of pre-sedimentation basins are very important. In pre-sedimentation basins,
because of the existence of velocity gradients, secondary and rotational flows occur. In order to
increase the performance of a pre-sedimentation basin (clarifier), it is essential to have a uniform
and calm flow field. The use of suitable baffle configurations may help forming favorable flow field
and increase the efficiency of the pre-sedimentation basins. In order to find the proper position of a
baffle in a rectangular sedimentation basin, computational investigations are performed. The first
step to optimize pre-sedimentation basin is accurate calculation of the velocity field and the volume
of rotation zones. Flow guiding blades can also be used to depreciate the inlet jet and reduce
turbulent Kinetic energy.Because of the flow complexity and also the effects of scale, physical
models can not solely provide a clear understanding of the physics governing the flow field and it is
necessary to study this phenomenon numerically along with field and experimental studies. The
numerical results were calibrated with experimental results of Shahrokhi et al. (2011) and Imam et
al. (1984). Flow simulation was performed in 3D and flow velocity profiles were compared with the
experimental results in different sections of a pre-sedimentation basin. Then, in order to
sedimentation investigation in the pre-sedimentation basin, advection and dispersion equation of
sediment concentration was solved simultaneously with the governing equations of flow.

Methodology

The first step to optimize pre-sedimentation basins is accurate simulation of the velocity field and
the volume of rotation zones. In the present study, numerical simulation of flow was investigated in
a pre-sedimentation basin using SSIIM and Fluent models. Continuity and momentum equations
were solved using finite volume method. Flow analysis was done steady by the SIMPLE algorithm
for velocity and pressure coupling. Discrete method of continuity equations, momentum, turbulent
kinetic energy, Reynolds stress drop and discretion of pressure equation are standard.
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Findings

The results of the vertical distribution of sediment concentration profiles in different sections of the
basin were compared with the experimental and numerical results of other researchers. Finally, the
effect of flow guiding blades on the flow pattern and the efficiency of sedimentation in the pre-
sedimentation ponds were investigated. The comparison showed that there is a good agreement
between numerical and experimental study with an average error of 6%.

Conclusion

Flow rate is one of the effective parameters on creating a rotational zone inside the basins. With
increasing the inlet flow rate from 0.002 to 0.01 cubic meters per second, the length of the rotational
zone has increased 25% and the width of the rotating zone has increased 45%. The secondary and
rotational currents formed at the entrance of the basin are two small rotational zones and
approaching the middle of the basin and formation of flow separation zones, the number of rotating
areas and their dimensions have increased. From the beginning to the middle of the basin, the shear
stress is increased. In the sections x = 0.46 m and x = 0.82 m, the amount of shear stress is
maximum. Amount of energy in the middle of the depth has decreased by 40% compared to the
water level and about 60% compared to the floor of the sedimentation basin. It showed that there is
a good agreement between the numerical and experimental results. It also indicated high ability of
SSIIM in predicting distribution of sediment concentration profiles in pre-sedimentation basins.
With increasing flow depth, the sediment concentration decreases. In the section x = 1.58 m, the
sediment concentration near the free surface is 44 mg L, which decreased by 57.48% compared to
the concentration of sediment in the basin bed. In the case without the guide blade, near the free
surface of the stream, the sediment concentration was decreased. Also, in the middle of the basin,
due to the turbulence of the flow and the rotational areas, the secondary current strength was
maximal and decreased as it approached the end of the basin.

Keywords: Flow pattern, Flow guiding blades, Numerical model, Pre-sedimentation basins,
Sediment concentration distribution, Turbulence models.
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