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Abstract: Settling Basins are one of the most important and popular methods for removal of suspended
sediments irrigation and drainage networks or power canals taking off from an alluvial river and wastewater
treatment plant. In these structures, due to different velocity gradients, Short-circuiting enlargement of dead
zones and high flow mixing problems are caused by circulation regions (dead zones), which can reduce the
optimal sedimentation of particles. A common approach for decreasing these problems is to use baffles. In This
paper, the effect of angle baffle in the Settling Basins was investigated. The results indicate that, the angle of
baffle at 60° has minimum magnitude of circulation volume and bed-shear stress and consequently exhibits the
best performance.
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INTRODUCTION investigations  of  Camp [3] and Swamee and Tyagi [4],

One of the problems in irrigation structures is large portion (typically one-fourth to one-third) of the
sedimentation control in the inlet to the irrigation total cost of treatment plant construction. A uniform flow
networks [1]. Sedimentation by gravity is the most field is essential to increase the efficient performance of
common and extensively applied treatment process for the settling tank. This enables particles to settle at a constant
removal of solids from water and wastewater. Settling velocity and in less time [5]. Due to sedimentation in these
basins are essential hydraulic structures which have to be structures, problems are include high costs build and
designed and constructed at all river water intakes to dredging and maintenance, reduced capacity of water
remove most of suspended sediments which enters the transport, annual acreage reduction, corrosion and
intake by flowing water. There are two commonly used damage of turbine. In addition, the existence of circulation
settling tank configurations, namely, circular and regions (dead zones) reduces the sedimentation of
rectangular. The settling tank is the most important object particles and has major influence on the hydraulic
from wastewater treatment plant. The two main types of condition of flow field inside the settling basins.
sedimentation tanks are primary and secondary settling Circulation zones are named as dead zones in tanks
tanks. A primary settling tank has low influent because, in these regions, water is trapped and particulate
concentration. Its flow field is  minimally  influenced by fluid will have less volume for flow and sedimentation.
the  concentration  field,  and  its  buoyancy effects can According to this, the existence of large circulation
be negligible. Secondary settling tanks, however, have regions will lower tank performance [6]. Different methods
higher influent concentration [2]. According to the are proposed for reducing the effects of these problems

the investment costs of settling facilities contribute to a
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and increasing the tank performance [7]. A common the upper end of the sludge blanket was regarded as the
approach for decreasing settling tanks problems is to use lower boundary of the computational domain. The model
baffles which can reduce effects of the unfavorable indicated that the presence of a baffle can reduce this
phenomena such as short circuiting between inlet and entrainment. Also, they [19] applied numerical modeling
outlet and density currents in primary and secondary to study the performance of circular clarifiers with reaction
settling tanks, respectively [8]. The baffles usually install baffles under various ranges of suspended solid
at the bottom or surface of the rectangular settling tanks. concentrations and hydraulic loadings. The importance of
Various studies have been done on the effects position a baffle in dissipating the kinetic energy of incoming flow
and size of baffles on the flow and hydraulics of settling and reducing short circuiting indicates that the location of
tanks (such as effect on velocity gradient near the bed, the baffle has a pronounced effect on the nature of the
decreased the probability of short-circuiting, provide flow [19]. Bretscher et al. [20] recommended the use of
better conditions for sedimentation) and the major velocity and concentration fields for a rectangular clarifier
findings of these studies are presented here. In primary equipped with an intermediate baffle. The aforementioned
settling tanks for increasing their sedimentation studies showed that the installation of the intermediate
performance, baffles are usually placed in the front of inlet baffle is effective. But experimental investigations of
opening, while for secondary settling tanks baffles are Taeby-Harandy and Schroeder [21] on the primary
built at the bottom of the tank to increase their clarifiers showed that the placement of an intermediate
sedimentation performance [8].Various studies have been baffle, installed close to the middle of the clarifier and
conducted on effects of position and size of the baffles on extended from the floor upward to one-third depth had no
the flow and hydrodynamics of settling tanks significant effect on the efficiency. They believe that the
(sedimentation basins). discrepancy between the result of their studies and the

Hamlan et al. [9] found that using a transverse baffle other works is likely due to the difference in the flow
can reduce the effects of these factors, and enhance patterns meaning that, if the dominant current is a surface
sedimentation performance. Imam [10] a complete current, a baffle extending from the top upward may
simulation of a tank that has a depth/length ratio 1:7 used improve the solid removal efficiency [21]. Ahmed et al.
to formulate the flow equations. Also, they [11] optimized [22] studied the effects of the position and height of the
the height of the baffle about 25% of depth (baffle height- baffle in a secondary sedimentation tank by placing the
to-depth ratio of H /H=0.25). More than that leads to the baffle at three different positions and various heights,b

formation of a bottom jet at the bed of the tank which qualitatively. The best result was for the case in which an
occurs as a result of the circulation in the sedimentation inlet baffle of the height of 67% of the total depth was
layer and non-uniformity of the velocity field. Lower than placed in the first 5% of the channel. It should be noted
that would result in short-circuiting enlargement of the that the suitable position for a baffle is directly related to
dead zone [11]. Crosby [12] observed that a mid-radius flow field and the importance of buoyancy force [22]. The
baffle extending from the floor up to mid-depth decreased construction of baffled channels in water treatment plants
the effluent SS concentration of the clarifier by 37.5%. with no mechanical parts is considered to be more reliable,
Krebs [13] and Krebs et al [14-16] investigated the effect requires less maintenance and hence reduces cost [23].
of the inlet and intermediate baffles on the flow field in Yoon and Lee [24], a mathematical model for predicting
final clarifiers. Their research was based on experiments, velocity field and concentration distribution of suspended
numerical modeling and analytical relations. In rectangular materials in a settling tank is established by stream-
tanks, influent enters the basin at the inlet. Energy function and vorticity transport equations with a constant
dissipation is the main objective in designing a primary eddy viscosity. The eddy viscosity is determined by
clarifier inlet. Energy of influent must be dissipating at the using measured data. The model was tested with
inlet zone by selecting the best position and configuration measured data for velocities and concentrations. The
of inlet or using the baffles in the inlet zone [16]. Zhou model was applied to investigate the effect of
and McCorquodale [17-18] also investigated the effects of submergence and location of a baffle on removal of solid.
density stratification on the hydrodynamics and flow field It is found that the model can be used to simulate velocity
in secondary settling tanks with and without reaction fields and concentration profiles for two open channel
baffles. In these simulations, the sludge withdrawal took effluent system. Also, they indicates that more efficient
place homogeneously over the bottom boundary while settling of suspended materials can be taken place in the
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range of submergence of H /H (baffle height-to-depth particles in the width of the settling basin. Sajjadi et al.b

ratio) =0.4-0.5. The experiments were conducted with a [34] the effect of height and position of baffle to increase
two effluent system consisted of midsection effluent and removal efficiency in irrigation settling basin with
end effluent, at both effluents the removal efficiencies are FLUENT software are studied. The results show baffle
maximum at about H /H=0.4.Tamayol et al. [25] increase removal efficiency and best position is first thirdb

investigated the effect of the inlet and height of inlet until half of settling basin length. In addition, best height
baffle on the flow field and performance of primary is equal to 0.4 of water deep in settling basin. Installing
settling tanks. They found that for primary settling tanks, baffles improves the performance of a tank in terms of
the interior baffle is not suitable and it does not affect the settling. The baffles act as barrirs, effectively suppressing
flow field. Huggins et al. [26] tested a number of potential the horizontal velocities of the flow and forcing the
raceway design modifications, noticed that by adding a particles to the bottom of the basin [35]. Razmi et al. [36]
baffle, the overall percentage of solid removal efficiency the presence of a baffle and its effect on the
increased from 81.8% to 91.1%. Tamayol et al. [27] hydrodynamics of the flow field has been investigated in
simulated the effect of a simple baffle at various positions. a primary settling tank by experimental and numerical
Their results showed that when the baffle is located in the approaches. They found that best location of the baffle is
recirculation region, the dead zone (recirculation regions) obtained when the volume of the circulation zone is
would be reduced in size and the best position for the minimized or the dead zone is divided into smaller parts.
baffle is somewhere in the circulation zone to spoil this Results show that this baffle can reduce the size of the
circulation region. Moreover, if the baffle is located in an dead zones and turbulent kinetic energy in comparison
improper position or if it has an improper height, the with the no-baffle condition. Radi et al. [37] the effect of
particle removal performance in the primary sedimentation a submerged flat baffle normal to the flow direction, on the
tank would be decreased drastically [27-29]. They [30] trap efficiency of a settling basin was experimentally
found that best position for the inlet is near the bottom investigated. The results indicate that in 3D conditions in
and existence of a reflection entrance baffle near the free which the incoming jet travels a considerable distance
surface of settling tanks can increase the performance of from the inlet and causes large variations of transverse
primary settling tanks. Fan et al. [31] observed that the velocity in the basin, installing the baffle in a relative
solid concentration profile in the flow region near the submergence of 20% and a relative distance of 6% can
baffle is similar to that obtained without a baffle. By increase the trap efficiency of the settling basin by up to
contrast, solid concentration increases sharply in the 12%. This may be attributed to the role of the baffle in
outer region of the baffle, which suggests that the solid decaying the kinetic energy of the impinging jet and
phase congregates rapidly at the end of the baffle. Goula spreading the sediment particles in the width of the
et al. [32] used numerical modeling to study particle settling basin.Tamayol et al. [8], Effect of buoyancy force
settling in a sedimentation tank equipped with a vertical on the suitable baffle position is also investigated.
baffle installed at the inlet. The authors showed that the Results show that in high Reynolds numbers, the flow
baffle increased particle settling efficiency from 90.4% for field and baffle position are not affected by the inlet
a standard tank without a baffle to 98.6% for a tank with Froude number. Three baffle positions were also tested
an installed baffle. Khademi et al. [33] indicate that, when for determination of suitable position. Results showed
the linear transition transmits the flow with high that the suitable position is related to the importance of
momentum from the upstream canal into the basin with no buoyancy forces. In this case, locating the baffle in the
extra turbulence and a parallel 2D flow is established in range of 0.15-0.40 tank length improves the overall
the basin, the baffle has no positive effect on the trap efficiency. Also, it is proposed that in designing process,
efficiency and the sedimentation length. However, in 3D the volumetric flow rate and velocities should be designed
conditions in which the incoming jet travels a in a way that variation of inlet concentration does not
considerable distance and causes large variations of affect the flow field and the suitable position of the baffles
transverse velocity in the basin, installing the baffle in a [8]. Jamshidnia and Firoozabadi [38], velocity
relative submergence of 15% can increase the trap measurements were performed by a three-dimensional
efficiency of the settling basin by up to 8.5%. This may be Acoustic Doppler Velocimeter (ADV) to investigate baffle
attributed to the role of the baffle in decaying the kinetic effects on the velocity distribution in a primary
energy of the impinging jet and spreading the sediment rectangular sedimentation tank, quantitatively. The height
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of the baffles was fixed to almost one fourth of the total (1)
water depth. Experimental results show that baffle can
alter the hydrodynamics of a flow field in different ways. In there,  is velocity vector. Also, the momentum
Positioning of a baffle in the middle of the channel may
improve the flow field at its downstream by modifying the
velocity gradient near the channel bed. Positioning of an
inlet region baffle might be beneficial at low Reynolds
numbers, but further investigations are necessary [38].
Shahrohki et al. [5, 39], numerical simulation was
performed to investigate the effects of baffle location on
the flow field. The results of this computational model
prove that the baffle (using a baffle height-to-depth ratio
of H /H=0.18) should be placed between 0.125 and 0.20b

(inlet-to-tank length ratio) based on the smallest volume
of the circulation zone and kinetic energy, the maximum
concentration  of  the  suspended sediments in the
settling zone and the highest value of removal efficiency
[39]. The extended baffle increases the kinetic energy and
the dissipation rate in the inlet baffle in region and,
consequently, weakens the currents in this region. Having
two or three slots serving as inlets is better compared to
having only one aperture because uniform flow was
generated in shorter distances and the turbulence kinetic
energy and volume of circulation zone was considerably
low in these cases [40]. Shahrohki et al. [41], numerical
approaches were carried out to investigate the effects of
different number of baffles in different location on the
flow field. Results illustrate that using two baffles in
suitable position achieve reducing the size of the
circulation zone. The comparison of the size of dead zone
in the sedimentation tanks showed that the best position
for a single baffle is located at the 12.5 % of the tank
length, from the inlet slot. Using the second baffle in the
sedimentation tank can decrease the size of circulation
zone. The best place of second baffle is 38.8% of tank
length from the inlet opening. Therefore, there is a need to
perform a study to determine the proper angle of baffle in
a settling tank. Moreover, less attention is paid to effects
angle of baffle on the performance of settling tank. The
main objective of this study is to determine the best angle
of baffles in a settling tank. The results indicate that, the
angle of baffle at 60° has minimum magnitude of
circulation volume and consequently exhibits the best
performance.

MATERIALS AND METHODS

The governing equations are general mass continuity
and momentum. The turbulence model is also solved with
these  equations  to  calculate  the  Reynolds stresses.
The general mass continuity equation is:

equations 2D are [6, 8, 42-44]:

(2)

(3)

In order to close the set of governing equations,
turbulence models for calculation of Reynolds stresses
are also required. In this paper, the standard k-  model is
used where two equations for turbulent kinetic energy, k,
and dissipation rate, , are:

(4)

(5)

Turbulent Viscosity Is Determined From:

(6)

Where the model constants as per Rodi [45] are

C  =0.09, C  =1.44, C  =1.92, =1.3,  =1.0 (7)ì 1 2 k

These values are based on extensive measurement of
free air and water turbulent Flows, but they can be also
used for wall +Flows [45]. In this work, particle tracking
method (PTM) is used for evaluation of the settling tanks
performance. PTM is based on an Eulerian-Lagrangian
approach. In this method, particles are injected into inlet
and they are tracked until they are either escape the
through the tank outlet or they are trapped at the tank
bottom [28]. Efficiency of tank ( ) is related to capture
efficiency  (the  number  of particles trapped at the
bottom: N ):t

(9)

Where Ni is number of injected particles and No is the
number of escaped particles. 
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Fig. 1: Schematic diagram of the tank and 3D view

The experiments were conducted in a rectangular some cases must have had poor performances. This is
channel with and without baffle. The channel is L= 8 m related to the size of dead zone. The results shows that
long, 0.5m deep, 0.3 m wide (Figure 1). the baffle performance with =60° is best.

The models were carried out using six angles ( ) for The Efficiency of tank for various runs was
baffle 30,45,60,90,120,150. For all of the tests, baffle calculated and presented in Table 1. Table 1 shows
installed at middle of the tank (D/L=0.50, L=length of tank increasing Efficiency for the optimal baffle case ( =60°).
and D=distance of baffle) H/Y=0.40 (H=height of baffle It showed that by adding a baffle ( =60°), the overall
and Y=flow depth).The influent flow rate and sediment percentage of solid removal efficiency increased from
concentration is 10-20 l/s and 4-14 g/l, respectively. 7.0% to 14.0% compared to the tank without a baffle.

The boundary condition for the inflow (influent) is Furthermore, Table 1 illustrates that with increasing
constant velocity and the effects of the wind and small discharge, the removal efficiency of the tank also
ripples on flow-field are neglected. In PTM when a particle decreases (The particles diameter is 10-200 ìm), but the
collides with the bottom surface, it is assumed to be effect of baffle on the removal efficiency is important.
trapped, but for other walls and the free surface it is Figure 3 shows effect of Froude number on the removal
assumed to be reflected. Standard wall functions are used efficiency for different cases. Increasing Froude number
for turbulence modeling. Second order upwind scheme is is associated by increase in flow velocity, as a result the
adopted for discretization of the convective terms and the removal efficiency decreases. The main reason of such
pressure-velocity coupling is handled by SIMPLEC finding is that with increases in Froude number, occurs
method. increases in vortex [46, 47].

RESULTS AND DISCUSSION is reducing the velocity, kinetic energy and reaches to the

Streamlines of flow around the baffle near the bed for for different angles of baffle, ( =60°, 90° and 120°) are
three angles 60, 90 and 120 degree with the flow are shown in Figure 4. Comparison between the contours of
shown in Figure 2. The dead zones formed downstream velocity for these cases illustrate that baffle ( =60°) can
the baffle to the direction of flow. The best angle of the decrease the length and depth of the maximum magnitude
baffle is obtained when the volume of the circulation zone of kinetic energy and velocity and create the better
is minimized or the dead zone is divided into smaller parts. situation for sedimentation process.

The circulation volume is normalized by the total In addition velocity contours have a smaller slope on
water volume (0.360 m ) in the tank and calculated by the the bed which means that after the baffle the shear stress3

numerical method in different cases. It is predictable that reduces on the bed.

One of the reasons for using a baffle in settling tanks

uniform condition of fluid. Computed contour of velocity
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Fig. 2: Effect of angle of a baffle on the flow streamlines

Fig. 3: The removal efficiency for different angle

Fig. 4: The contours of velocity (m/s) for different angle (Fr=0.063)
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The analysis of the shear-stress at the channel bed 4. Swamee,  P.K.  and  A.  Tyagi,  1996.  Design of
presents a particular interest for studying the sediment class-I   sedimentation    tanks,   J.   Env.   Eng,
transport around a baffle [48]. Potential depositional and 122(1): 71-73.
erosional zones are estimated from the bed shear-stress 5. Shahrokhi, M., F. Rostami, M.A. Md Said and S.
values. The effects of angle of a baffle and discharge on Syafalni, 2011a. Numerical Modeling of the Effect of
the bed-shear stress are presented in Table 2. From table the Baffle Location on the Flow Field, Sediment
2, it can noticed that shear stress in baffle ( =60°) is lower Concentration and Efficiency of the Rectangular
than other angles and without baffle. In this case, velocity Primary Sedimentation Tanks, World Applied
gradients near the bed are smaller, and therefore, shear Sciences Journal, 15(9): 1296-1309.
stress values are lower. Also, larger discharge results in 6. Tamayol, A. and B. Firoozabadi, 2006. Effects of
higher velocity near the baffle and bed-shear stresses turbulent models and baffle position on the
increase and therefore potential deposition downstream hydrodynamics of settling tanks, Scientia Iranica,
from baffle decreases substantially. The flow has a trend 13(3): 255-260.
to be calm at the remaining part of the channel so that the 7. Tamayol, A., 2005. Effects of baffle configurations on
baffle can make a mixing current in the flow field right after the performance of settling tanks, MS thesis, Sharif
passing it [36]. Univ. of Technology, Iran.

CONCLUSION Hydrodynamics of Secondary Settling Tanks and

In this research, the effect angle of baffle on the flow of Environmental Engineering, 136(1): 32-39.
field and removal efficiency of settling tank was 9. Hamlan, M.J. and A.H.A.  Wahab, 1970. Settling
investigated  using  a  3D-numerical  hydraulic   model. Characteristics of Sewage in Density Currents, Water
The standard k-  turbulence model with the VOF method Research, 4: 251-271.
was  used  to  simulate  fully three dimensional flows. 10. Imam, E.H., 1981. Numerical Modeling of Rectangular
PTM method was proposed for determination of Clarrifiers, PhD. Thesis, University of Windsor,
performance of settling tank. Results show that the Ontario, Canada.
installation of a baffle in middle of settling basin with  11. Imam, E., J.A. McCorquodale and J.K. Bewtra, 1983.
angle of attack 60 degree with the flow improves tank Numerical modeling of sedimentation tanks, J.
efficiency 7-14 percent in terms of sedimentation Hydraulic Engineering, 109(12): 1740-1754.
compared to without baffle. With increasing discharge, 12. Crosby, R.M., 1984. Evaluation of the Hydraulic
the removal efficiency of the tank also decreases for low characteristics of activated sludge secondary
particle diameter. Also, baffle ( =60°) reducing the size of clarifiers, Environmental Protection Agency, Office
the circulation zone, kinetic energy in sedimentation area, of Research and Development, Washington, D.C.
maximum velocity magnitude and create uniform velocity U.S Report EPA-600/2.
vector inside the settling zone. Moreover, the maximum 13. Krebs, P., 1991. the Hydraulics of Final Settling
velocities in this case reduced and bed-shear stress is Tanks, Wat. Sci. Tech., 23: 1037-1046.
lower than other angles and without baffle. 14. Krebs,  P.,   D.   Vischer   and   W.   Gujer,    1995.
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