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Abstract: The hydraulic efficiency of sedimentation basins is reduced by short-circuiting, circulation
zones and bottom particle-laden jets. Baffles are used to improve sediment tank performance. In this
study, laboratory experiments were used to examine the hydrodynamics of several baffle
configurations. An accompanying numerical analysis was performed based on the 2D Reynolds-
Averaged Navier-Stokes equations along with the k-¢ turbulence closure model. The numerical model
was supplemented with the Volume-Of-Fluid technique (VOF), and the advection-diffusion equation to
simulate the dynamics of particle-laden flow. Model predictions compared well with the experimental
data. An empirical function was constructed to indicate the location and amount of sediment collected
in the tank. Hydraulic performance was determined for given baffle locations and heights. The results
revealed that, for the laboratory setup, a baffle half way along its length decreases its performance,

while a baffle much closer to its inlet and with height 25 ~ 30% of water depth improves efficiency.
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1. Introduction

Sedimentation tanks are important components of any water purification plant, and account for
approximately a third of the infrastructure cost (Tamayol et al., 2008). Their task is to remove
suspended particles from the flow field, so their efficiency affects the performance of other parts of the

plant (Ekama et al., 1997).

Sedimentation Tank (ST) usage can be classed into two main categories: (i) Waste-Water
Treatment Plants (WWTPs) and (ii) Water Treatment Plants (WTPs). WWTPs include Primary (PSTs)
and Secondary Settling Tanks (SSTs). PSTs are designed to dissipate kinetic energy, reduce the overall
flow velocity and to let solids settle (Goula et al., 2008). Typically, SSTs are located after mixers in
WWTPs, where flocculation and coagulation processes occur (Kleine, 2005). Flocculation can also take
place in the SST’s influent pipes. Modern WTPs typically contain one ST (Technical Guidelines for the
Construction and Management of Drinking Water Treatment Plant, 2009). STs can be divided into two
main types: rectangular and circular (Smethurst, 1992; Wang et al., 2011). Rectangular STs, considered
here, are easily designed and have some advantages such as lower construction cost and efficient space
utilization. For such tanks, the influent particle concentration is low, and sludge flow is negligible in

comparison to the influent flow and can be ignored (Lawler and Benjamin, 2011).

In terms of their internal functioning, STs can be divided into four areas: (i) inlet zone, (ii) settling
zone, (i) sludge zone, and (iv) outlet zone (Manual on Water Supply and Treatment, 1999). At the tank
exit, the Solids Loading (SL, solids flux in the outflow, Parker et al., 2001) is the design parameter that
defines the tank’s capacity. Sediment deposition, and thus tank efficiency, is a function of energy
dissipation in the tank, which is in turn related to maximal flow rates. Probably the least efficient ST is

one in which a jet formed at the inlet is routed directly to the tank exit without appreciably lowering its



inlet (i.e., maximum) velocity. This pattern would, additionally, induce circulations that would maintain
sediments in suspension. These “dead” zones decrease the tank’s effective volume, and decrease tank
performance if they are accompanied by intense mixing and turbulence leading to sediment re-
suspension (e.g., Krebs et al., 1996). An ideal tank would induce a relatively uniform (low) flow rate,
allowing maximal sedimentation (and hence minimal SL). However, since tanks have relatively small
entrance and exit weirs, non-ideal regions with high circulation usually exist (American Water Works
Association, 1990; Yoon and Lee, 2000). Baffles can interrupt short-circuiting, giving rise to a modified
flow field and, potentially, improved the tank performance. However, prediction of the effect of baffles
is a challenging numerical simulation problem. More generally, since ST performance is influenced
directly by the flow structure (Ahmed et al., 1996), investigation of their hydraulic phenomena using

validated numerical models can help improve ST design.

For rectangular settling tanks with large length-to-width ratios, three-dimensional flow regions are
limited to small areas near the walls if the inlet and exit openings span the tank’s width (e.g., Lyn et al.,
1992; Stamou et al., 2009; Tamayol et al., 2011). This situation, considered in this study, can be

simulated using a 2D numerical model.

There are a number of comprehensive studies on baffled tanks that investigate their hydraulic
efficiency (McCorquodale and Zhou, 1993; Tamayol et al., 2010; Xanthos et al., 2010). Brescher et al.
(1992) considered a rectangular clarifier and showed that an intermediate (where intermediate refers to
location along the tank length) baffle on the base of the tank, transverse to the main flow direction,
influences the flow field and can improve efficiency. Krebs (1991, 1995) focused on the flow field and
the potential energy of incoming flows. His analysis was based on a 2D hydrodynamics code validated
by laboratory results. The model was applied to evaluate various inlet arrangements and bottom
currents. To enhance sediment settlement on the tank bottom, he suggested placement of an inlet baffle.

Numerical models of flow patterns, sediment mixing rate and turbulence characteristics in STs have
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been reported. Celik et al. (1985) and Adams and Rodi (1990) used the k-¢ turbulence closure model.
Lyn et al. (1992) showed that the flow field depends on the particle density entering the tank and the

entrance geometry.

Tamayol et al. (2008) examined the tank performance using the particle-tracking method. They
observed a large circulation zone and concluded that a baffle placement that disturbed this zone resulted
in improved tank performance. Goula et al. (2008) indicated that the baffie height is important, as it can
decrease the inlet recirculation zone and increase sedimentation. Liu et al. (2010) used laser Doppler
velocimetry to conduct flow-field measurements, accompanied by numerical simulation of the flow
field to evaluate the effect of inlet height on sedimentation efficiency. Effects of baffle height and
position were not considered. The effect of baffle angles and position were examined using a 2D model
(Flow-3D, 2003) applied to a small-scale, 2-m long laboratory setup (Rostami et al., 2011; Shahrokhi et
al., 2011, 2012). Right-angled (to the tank base) baffles were most favourable for sedimentation. In
addition, it was concluded that, to get high settling performance, the baffle should be somewhere close

to the inlet. However the effects of baffle height and optimal baffle configuration were not considered.

The combination of the hydrodynamic and sediment transport equations plays an important role in
numerical modeling of STs. While models of physical processes in STs have been reported (e.g.,
Stamou et al. 2010), we suggest that comprehensive numerical models that incorporate a suitable
turbulence closure model, sediment concentration and appropriate free surface tracking technique are
valuable to quantify the hydrodynamics of baffled tanks. Table 1 summarizes previous studies on
baffled tanks and highlights their characteristics. Numerical and experimental studies that consider in
detail the effect of baffle positions on ST efficiency and determine the optimal position and height of

baffle have yet to be reported.



Razmi et al. (2009) used a two-dimensional, two-phase air-water model (FLUENT, 2003) to
simulate primary ST hydrodynamics. The model was used to investigate effects of a baffle on the flow
field. ST hydrodynamics were simulated using the unsteady Eulerian-Eulerian finite volume method in
conjunction with a RNG turbulence closure model and the VVolume-Of-Fluid (VOF) model. For model
validation, laboratory velocity-profile data from a rectangular tank were used. In their study,
sedimentation and dynamics of particle-laden flow were not considered. Good agreement was found
considering different conditions, in particular ST velocity profiles and turbulent kinetic energy. Rostami
et al. (2011) compared the rigid-lid assumption and VOF approach at the surface boundary. They
showed that the results of VOF are more precise in comparison with fixed surface flow in STs. The
rigid-lid assumption were over-estimated flow rates in the upper zone of the tank, while the VOF results
were in closer agreement with observations. This difference is related to the dissipation of energy by the

free surface method such that the predicted values are less than results of the confined surface.

The aim of this work is to extend the study of Razmi et al. (2009) to examine the hydrodynamics
of several baffle configurations and evaluate the tank performance at the laboratory scale, and to
consider the results in the light of existing understanding of coupled ST sediment and hydrodynamic
interactions. Below, well-characterized laboratory experiments coupled with detailed numerical
modeling are used to evaluate ST efficiency. Specifically, the effects of different values of Fri, (inlet
Froude number) and baffle configurations on the physical behavior are determined experimentally.
Then, as FLUENT (FLUENT software, 2003) cannot simulate both the free surface and combined
sediment-water flow, a 2D numerical model (hydrodynamic model combined with VOF and the
advection-diffusion equation) is used to simulate ST hydrodynamics and sedimentation. The laboratory
data are used to validate the numerical results. Then, the numerical model is used to simulate and assess
the hydraulic efficiency of the baffled tank for different baffle positions and heights. The location and

height of the baffle in an actual tank may also depend on removal scheme of accumulated particles or



sludge in the bottom of the tank. However, the present study, both in the experiment and modeling, does
not consider sludge removal because the inlet particle concentration is low, particles are not cohesive
and the tank is for drinking water treatment. Therefore, the effluent flow is nearly as large as the

influent flow.
2. Experiments
2.1. Theoretical Background

ST flow patterns for density-stratified fluids are different from those of a fluid with uniform
density under the same external conditions and boundary geometry (Zhou and McCorquodale, 1992).
The relative importance of inertial and gravity forces in a ST is related to the momentum and buoyancy
flux at the inlet, and can be characterized in terms of the inlet Reynolds and Froude numbers,
respectively Rei, = pUsho/p, and Frin= Ug[gho(p/pr — 1)]™? (Zhou and McCorquodale, 1992), where g is
the magnitude of gravitational acceleration, h, is the inlet height, U, is the inlet velocity, p and p are the
fluid density and molecular viscosity, respectively, and p;, is the reference density (clear water, 1000
kg/m®). Fri, reflects the effect of buoyancy forces in the inlet boundary condition (Tamayol et al.,

2003). Here, the effect of the buoyancy force is quantified using two Fri, values (Table 2).
2.2. Experimental Setup and Procedure

We used the same model setup as in Razmi et al. (2009). A laboratory apparatus (Fig. 1) at Sharif
University of Technology, Iran, was used to study the (approximately) 2D flow resulting from the
release of particle-laden water into the channel. The experiments were conducted in an 8-m long, 0.34-
m deep and 0.2-m wide rectangular channel with a flat bottom. Particle-laden fluid was prepared in a

cylindrical stainless steel supply tank. The inlet current flow rate, Q, was measured using a DFM model



ultrasonic Doppler flow meter, manufactured by Greyline!, with an accuracy of 10° m*min. The
sediment concentration with a specific gravity of 2650 kg/m® and average grain size (Dsg) of 2 x 10° m
was used. The solid and freshwater was mixed to p = 1200 kg/m® in the supply tank, transferred to a
constant-head weir by a circulation pump, then fed into the ST. Due to the low inlet concentrations in
these experiments, the mixture viscosity is considered to be the same as that of freshwater (Zhou and

McCorquodale, 1992).

Similar to previous studies on prototypes of rectangular tanks (Lyn and Rodi, 1992; Asgharzadeh
et al., 2011), the inlet Reynolds number of Rej, = 4515 was used. For all experiments, Q was measured
as about 4.2 x 10 m*min, and fully developed turbulent flow conditions were assured at the tank
entrance. Definitions of s and L (Table 2) are shown in Fig. 1. The height of the baffle within the tank,
b, was 0.08 m and hp = 1 and 11 cm in the experiments. For each location, 3 — 6 replicates were taken.
All the measurements are presented in Figs. 2 and 3. A summary of the experimental conditions is

provided in Table 2.

2.3. Instrumentation and Data Collection

A Nortek Acoustic Doppler Velocimeter? (ADV), placed on a rail track next to the flume, was used
to measure velocity. An advantage of the ADV is its ability to measure the flow in a small sampling
volume located 5 cm away from the sensing elements, so inserting a probe into the flow did not unduly
disturb the measurement. Data were collected for about 30 - 40 s at each point at the maximum
available sampling rate of 25 Hz. For this sampling rate, random noise in the signal reaches
approximately 1% of the velocity range. Measurements within 5 ~ 7 cm of the surface boundary were

unreliable due to acoustic effects in the surface layer and were discarded (Nortek ADV Specification

! hitp://www.greyline.com, last accessed: 16 October 2012

2 http://www.nortek.com, last accessed: 16 October 2012
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User and Operation Manual, 1999). The experiments provided instantaneous velocities and time-
averaged velocity profiles. Mean velocities were calculated from temporal averaging of the recorded
time series. Measurements at sections (x = 3.5 m, 45 m; and x = 5.5 m, 6.5 m) were performed
simultaneously along the tank centerline. We did not measure the velocity close to the sides of the
experimental tank. ST flow patterns are sensitive to the difference between the temperature of the
entering and resident ST water (Taebi-Harandy and Schroeder, 2000). Water was used from a reservoir
instead of the direct supply network to limit such differences. The mixture temperature was measured
during the tests to confirm that the temperature variations did not occur. Density currents in the present
work are due to particles and not temperature, since the experiments were carried out under (near-)

isothermal conditions.

3. Numerical Model

Following Tamayol et al. (2010), the governing equations used to describe flow in the ST were the
2D Reynolds-Averaged Navier-Stokes equations, VOF (Volume-of-Fluid) for the free surface
calculation, two-equation k-g¢ turbulence closure model and the advection-diffusion equation. The
calculations were performed assuming a temperature of 20°C. The initial flow field was specified as
hydrostatic pressure and zero velocity. At the air-water interface, vertical fluxes of the turbulent kinetic
energy (k) and the turbulence dissipation rate () were set to zero. The settling velocity was modeled by
a double exponential equation (Tamayol et al., 2010). At the inlet, both Uy and sediment concentration
were constant and known. The velocity log-law at the bed boundary layer for k and € was used. No-slip
conditions and zero concentration gradients were imposed on all solid boundaries. A zero-flux
condition was applied as the top (free-surface) boundary condition for the sediment concentration. The
governing equations were discretized using standard finite-difference methods with Cartesian

coordinates, while a staggered grid was used for the calculation domain. The time step was determined



by iteration until computational stability was achieved (Bakhtyar et al., 2008, 2009). Stability was
controlled mainly by the local Courant number. Solution convergence was controlled dynamically by
checking residuals. At the end of each solver iteration, the residual sum for each of the conserved
variables was computed. These residuals go to zero as the solution converges (Bakhtyar et al., 2010).
All presented results were checked for grid convergence, i.e., they are not noticeably changed by
reducing the grid size. Results for a grid size of 8 mm are presented. The settling velocity was modeled
following Zhou and McCorquodale (1992) and Tamayol et al. (2010). Since the constants in this model
were determined by experiments, it can be said that the re-suspension of particles is considered

indirectly by the model.

4. Results

The hydrodynamics of the turbulent particle-laden flow field with several baffle configurations
were investigated experimentally and numerically. Not all possible ST variations (e.g., the tank
dimensions and application of activated sludge) were modeled, as the focus was on the experimental
configuration. However, the physical behavior that affects STs, including the flow hydrodynamics,
details of sedimentation and hydraulic removal performance were investigated. First, the fluid equations
were solved in the absence of sediments to find the quasi-steady flow field, which was reached when
the velocity distributions within the tank showed little variation. Then, the sediments are released from
the entrance and are simulated along the tank. The convergence was achieved when sediment
concentrations in the outflow were stable (SL, Table 2). In brief, the following cases were investigated:
(i) baffled tanks (with two baffle configurations, cases 2 and 3 in Table 2), and (ii) tanks without a

baffle (cases 1 and 4 in Table 2).
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4.1. Experimental Observations and Numerical Validation

The interaction of buoyancy and inlet momentum play a leading role in ST flow dynamics. The
inflow density and velocity control the maximum velocity within the ST. Figure 2 illustrates the vertical
distribution of horizontal velocities for particle-laden flow without and with baffles (cases 1-3, see
Table 2). Measurements at a given location were replicated 3-6 times, collected over one or two days of

experimentation.

The experimental data did not include sediment concentrations, i.e., we used velocity fields only
for validation. However, these velocity fields are noticeably affected by the sediment load. The model
was validated using ST hydrodynamic experimental data collected for both pure water and mixture
conditions (Fig. 2). Good agreement was found considering different conditions, thus, the model is, at
least, partially validated. The model has not been validated in the recirculation region since data were
not collected there. On the other hand, the model computes recirculation, which affects flow in other
parts of the tank. In particular, recirculation regions are created downstream of the inlet and mid baffles.
The numerical model predicts well the velocity field in cases of no baffle as well as baffled flow.
Without modelling the recirculation in the tank the model would be unable to predict the velocity field

in the tank downstream and, consequently, model validation would fail.

In Fig. 2, the experimental data are compared with numerical results at different positions (x/L =
0.44, 0.56, 0.69, 0.82, where x/L is scaled horizontal length, panels, left to right, respectively). The
results in these figures show that the simulated changes in the velocity profiles are in good agreement
with the measurements in all cases. Both visual observations during the experiments and the numerical
results confirm that the water height, denoted ha, in the experimental tank varied little between the
different cases. Thus, within the tank the average velocity across any vertical profile is Uae = Ugho/H.

The results in Fig. 2 validate the numerical model and boundary conditions, momentum equations, as
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well as the turbulence closure model. The influence of sediment concentration is considered in the

momentum equations because of the reduced gravity term.

Not surprisingly, the results demonstrate that the velocity profiles are influenced by the baffle
position. Considering first case 1 (no baffle), Fig. 2a shows that the maximum velocity does not change
with position along the tank up to x/L = 0.69. At x/L = 0.82, the maximum velocity decreases slightly,
and its height in the tank increases, reflecting the influence of the exit location. However, for case 2 (s/L
= 0.15), Fig. 2b shows that maximum velocity increases with position along the tank (panels 1-2), then
in the final panel there is a momentum reduction compared with case 1. The baffle at s/L = 0.15 moves
the jet upward and decreases the maximum velocity (compare the first panels in Fig. 2a,b). At x/L =
0.56, for case 1 the maximum velocity remains almost the same (Fig. 2a, panel 2), but it is near the mid-
elevation of the tank in case 2 (Fig. 2b, panel 2). For case 3 (s/L = 0.5), the maximum velocity increases
after the baffle, with reverse flow at the same location (Fig. 2c, panel 3: the velocity is negative for y/H
> 0.8). Indeed, this baffle configuration yields the maximum velocity amongst all cases in Fig. 2. The
baffle guides the suspended particles into the middle of the tank, increases considerably the maximum
velocity, leads to formation of circulation zones and contributes to short-circuiting. In all cases in Fig.
2, the last two vertical profiles (x/L = 0.69, 0.82) show that the jet goes upward (due to the location of
the exit weir) with a slight reduction in the maximum velocity. Generally, there was a lower maximum
velocity and more uniformity in case 2 than in the other cases (U/Ua is closer to unity, where U is
considered over the entire depth for a given x). The maximum velocities for case 3 are higher than case
1, and have less uniformity than the baffled flow in case 2 (panel 3 of Figs. 2a,c). To observe the impact
of sediment concentration on the flow patterns, the velocity profiles for the no-sediment/no-baffle case
are presented in the Fig. 2d. We observe that the velocity profiles are much more uniform without the
sediment load, and that the presence of sediment leads to a greater flow velocity maximum at a given

position along the tank.
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The experimental tank’s entrance height, h,, is a key parameter, along with the inlet velocity and
particle concentration, controlling Fri, (Krebs, 1991). The effects of h, on tank flow fields (no baffle)
were compared for two different inlet heights (1 and 11 cm). The velocity profiles for cases 1 and 4 are

shown in Fig. 3.

High velocity and sediment concentration cause high momentum near the inlet. A part of this
momentum remains in the flow along the tank and controls the maximum velocity in the subsequent
flow. The higher inlet velocity in case 4 induces larger inertial forces (and higher velocity in the tank) in
comparison to those found in case 1. The reverse flow in case 4, in comparison to that in case 1, was
due to the reduced slope (the angle between the tangent line to the curve at y/H = 0.8 and the x-axis). As
observed in Fig. 3 at x/L = 0.56, the velocity near the bottom is larger than case 4. Since Fr;, for case 1
is lower than unity, this increase of velocity may be attributed to the density current influence, which is

noticeable along the middle of the tank.
4.2. Sediment Concentration and Hydraulic Removal Performance

To measure the settling tank performance, the normalized, vertically integrated flux-averaged
sediment concentration was calculated (cf. Kreft and Zuber, 1978; Parker and van Genuchten, 1984;

Sposito and Barry, 1987; Parlange et al., 1992):

’ S T

where C is the particle concentration, t is the time, t_indicates that simulations have reached quasi-
steady state, U is the horizontal velocity, x and z are the horizontal and vertical directions respectively,
and C_Z is the normalized sediment concentration. Recall that the simulations were run to quasi-steady

state so the normalized sediment concentration is quasi-independent of t. At the tank entrance, all the
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sediment is suspended within the flow, so the difference C,(0,t,)—C,(L,t,) is proportional to the

mass of sediment that settles in the tank. Note that, since the influent was well-mixed, C_:Z(O,tw) is

equal to the influent concentration. The performance, E, of the settling tank is defined as (e.g., Tamayol

etal., 2010):

_G(0t,)-SL
2] E =

where SL = C, (L,t,) =360, 120, 324 and 416, for cases 1-4 are respectively For the baffled tank

experiments, E was 0.90 (best case) and 0.73 for cases 2 and 3, respectively. For the no baffle cases, we

found, for case 1, E = 0.70, and for case 4, E = 0.65.

Figure 4 displays the normalized sediment concentration along the tank for different cases: no
baffle (case 1), s/L = 0.15 (case 2), s/L = 0.5 (case 3). Typically, the amount of suspended sediment
diminishes from the inlet point onwards. Where there is a baffle, the concentration peaks after its
location. The greatest differences between the no-baffle and baffled cases are found at the baffle
positions (e.g., at x/L = 0.15 for case 2 and x/L = 0.5 for case 3), where most sediment settling and

deposition occurs.

For the no-baffle case, the simulation shows that the sediment concentrations reduce continually
from the inlet (1200 mg/l) and drop to less than 400 mg/I at the tank’s end (x/L = 1). It can be seen from
Fig. 4 for case 3 (baffle at s/L = 0.5) that the sediment concentration reduces from the inlet (1200 mg/l)
to less than 300 mg/l at x/L = 0.5. This figure (for case 3) shows two minima located at x/L ~ 0.5 and 1.
The same sediment concentration is observed at the outlet for the cases of no baffle and with a baffle at
s/L = 0.5. Clearly, the baffle at s/L = 0.5 hardly improves the sediment removal efficiency compared

with the no-baffle case. Since the exit is at the top of the downstream end of the tank, the flow is
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generally upwards from the inlet to the exit. Thus, the baffle at s/L = 0.5 does not greatly affect the
deposition as compared with the no-baffle case. However, the sediment concentration clearly decreases
along the tank for the baffle placed at s/L = 0.15, since here the baffle impinges markedly on the flow

pattern.

The s/L = 0.15 set up gives the most efficient results for present experimental conditions. To
investigate the concentration distribution, the sediment concentration field for this case is presented.
The increases in the normalized sediment concentrations near the baffles result from induced changes in
flow patterns. To investigate the flow behavior, horizontal velocities at different positions near the
baffle (before, at and after), for particle-laden flow with the baffle (case 2, s/L = 0.15) are shown in Fig.
5a. In baffled tanks, the baffles generated reverse flow (contour does not reach the bottom because of
the baffle). This reduces the normalized sediment concentration, which is not the case for the ST
without a baffle. The vertical velocities at different positions near the baffle are shown in Fig. 5b.
Before the baffle location, the vertical velocity is high, and the flow has a tendency towards the free
surface, which also moves sediments towards the surface. But, in the rest of ST, vertical velocities

decrease and become insignificant.

Figure 6a gives the simulated contours of sediment concentration for particle-laden flow with the
baffle (case 2, s/L = 0.15), while Fig. 6b illustrates the vertical distribution of the sediment
concentration profile (case 2) at different positions. Concentrations decreased with distance from the
bed in all parts of tank. Furthermore, the baffle stops the high particle concentration at the inlet area
from directly entering the rest of the tank. The sediment concentration near the entrance (up to 1145
mg/l) is an order of magnitude greater than that near the outlet (up to 120 mg/l). On the other hand,
collection of all the sediment near one part of the tank would reduce the tank maintenance interval. To

examine further the behavior and effect of the sediment particles on the physical behavior of ST, the
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streamlines were calculated (Fig. 6¢.) From Fig. 6c, it can be seen that two circulation zones occur near
the entrance and after the baffle (the first one between x/L = 0 to 0.17 m, and second one between x/L =
0.17 to 0.42 m). In spite of these regions, the circulation volume is minimized and it seems that the

baffle divides the dead zone into two parts.

Since particle settling is affected by both density and flow rate, it is necessary to combine both
these factors to have an indication of where settlement occurs, for which the following empirical
function was constructed:

(-8

where Cy and Ug are the solid concentration and velocity of the inlet, respectively. C and U are the
modeled solid concentration and velocity of the inlet. This function was constructed such that 0 <S <'1.
Sedimentation is more likely with increasing S. Figure 7 shows the simulated contours of S in the
settling tank. S has a maximum value along the bottom of the tank since sediment concentration is near
its maximum and velocity is close to zero there. Additionally, according to Eq. (3), S is equal to zero at
the entrance because U = Uy there. Figure 7 reveals that high sediment settling occurs before the baffle
position. Since the velocity close to bed before the baffle is very low and the location is near the
entrance, C is very high and thus the magnitude of S is a maximum. However, sediment re-suspension
is likely in this location due to the high flow rate just above the bottom of the tank, so the magnitude of
S decreases correspondingly. S decreases along the tank, but increases towards the tank’s end because
of the velocity reduction there. Despite its obvious limitations, the contours of S provide a rough
estimate of the possible distribution of sediment along the tank bottom. However, experimental data on

sediment concentrations in the tank would be necessary to confirm the utility of Eq. (3).
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To find the most efficient baffle position and height, the tank efficiency (in terms of SL and E) was
explored for various baffle locations (s/L) and various baffle heights (b). Figure 8a gives relationships
between SL and baffle positions, while Fig. 8b shows the effects of baffle positions on the tank
performance. The SL increased with increasing s/L, and E increased when the baffle position was nearer
to the inlet (except for s/L = 0.05). As the baffle location moves away from the inlet, the suspended
sediment is directed upwards towards the outlet, reducing the sediment removal and tank efficiency.
Baffles near the entrance (small s/L) suppress the velocity and enhance sediment deposition, thus
reducing the chance for short-circuiting. If the baffle position is very close to inlet (s/L = 0.05), then
suspended sediments do not have enough time to settle. The best position of the baffle (minimum SL
and maximum E) was found to be at s/L = 0.10 ~ 0.20. In addition, the results show that, eventually,

baffles have no effect on tank performance (s/L > 0.7 for present setup).

Panels a and c of Fig. 9 show tank performance and SL versus baffle positions (i.e., s/L = 0.05,
0.15, 0.25, 0.35) for different baffle heights (b = 4, 8, 10, 12, 14 cm), while Fig. 9b and d give tank
performance and SL versus baffle heights at different locations. The results show that the shortest and
highest baffle heights (4 and 12 cm) reduce tank performance and increase SL. Baffle heights larger
than the optimum enhance upward flow before the baffle and move suspended sediments to the surface.
Since the flow velocity before the baffle is high, this condition lifts the solids from the bottom and
increases the chance for short-circuiting, leading to reduced tank performance. Conversely, if the baffle
height is insufficient (such cases approach the no-baffle condition), the baffle effect on the circulation
volume and flow field in the tank is reduced, and tank performance is decreased. Tank performance and
SL for different baffle configurations in the numerical experiments are shown in Table 3. The best
performance of the tank occurs for the case with baffle height of 25 ~ 30% of water depth. In addition,
by increasing the baffle height, the distance of the best baffle position from the inlet increased (for b =

10 cm, the best baffle position is s/L = 0.15; while for b = 12 cm, the baffle best position is s/L = 0.25).
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5. Concluding Remarks

A series of experimental measurements as well as numerical modeling were carried out to
investigate the effect of baffle positions on the performance of the baffled ST. The model was able to
simulate free-surface tracking, sediment distribution and velocity profiles, and gave predictions that
agreed well with laboratory data. The validated model was then employed to simulate and assess the

hydraulic efficiency for the baffled tank configuration used in the laboratory experiments.

The simulation results demonstrated that the baffle configuration created significantly different
flow fields in the tank and that proper baffle placement improved the ST performance. The location of
baffle near the entrance dissipates the inlet jet energy more efficiently. It diminishes the maximum
velocity magnitude along the tank and reduces sediment re-suspension after the baffle position. In
contrast, with increasing distance of the baffle from the entrance, the velocity magnitude remains high
and leads to particle re-suspension. For the configuration analyzed here (Fig. 1), the best baffle
configuration was determined as s/L = 0.15 along with an inlet baffle height of hy/H = 0.32. In this case,
90% of the particles stay in the ST. In addition, the same sediment concentration was observed at the
outlet for the cases of no baffle and with a baffle at s/L = 0.5, i.e., an inappropriately baffled tank does
not improve the ST efficiency in comparison with a non-baffled one. In summary, the numerical
experiments show that the best position of the baffle is relatively close to the entrance jet (s/L = 0.10 ~

0.20), while the best baffle height is around 25 ~ 30% of the water depth.
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Table 1. Previous studies on baffled rectangular STs.

Author(s) Approach Baffle types Remarks

Zhou and Numerical model. 2D Inlet baffle A baffle can reduce entrainment into the influent plume
McCorquodale steady flow, k-¢

(1992) turbulence closure

Krebs (1995) 2D finite volume, k-¢ Inlet and outlet Baffle configuration markedly affected streamline

Taebi-Harandy et

al. (2000)

Huggins et al.
(2005)

Goulaet al.
(2008)

Tamayol et al.
(2008)

Stamou et al.
(2009)

Xanthos et al.
(2010)

Tamayol et al.
(2010)

Rostami et al.
(2011)

Shahrokhi et al.

(2012)

turbulence closure

Experiments

3D Navier-Stokes
equations, k-g

turbulence closure

2D finite volume, k-¢
turbulence closure

2D finite volume, k-¢

turbulence closure

2D finite volume, k-¢

turbulence closure

3D CFD program, k-¢
turbulence closure

2D Navier-Stokes
equation, k- turbulence

closure

2D finite difference, k-¢

turbulence closure

2D finite difference, k-¢

turbulence closure

baffles

Inlet,
intermediate
and outlet
baffles

Intermediate
baffle

Intermediate
baffle

Inlet and
intermediate

baffles

Inlet and
intermediate

baffles

Different inlet and in-
tank baffle
configurations

Inlet and intermediate
baffles

Inlet baffles

Intermediate baffles

patterns

A temperature difference resulted in formation of
density currents. Presence of inlet or intermediate
baffles had little impact on the formation of density

currents

Removal efficiency strongly dependent on the size of
the input suspended solids. The baffle can improve
settling conditions for a certain range of particle sizes

An extended baffle can provide better influent mixing
and sedimentation performance compared with a short
baffle

Baffles can improve settling conditions. Free surface

tracking not considered

Model was for a specific set of conditions for a specific
ST

The in-tank baffle reduced recirculation

For high values of Re;,, the flow field was not affected

by Fri,. Model not validated with experimental data

Different entrance heights were examined. It was also
shown that VOF method results are more accurate than
using the rigid-lid assumption in the surface boundary

condition

A 90° baffle angle produced the best performance
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Table 2. Experiments performed using the tank shown in Fig. 1. The column s/L gives the baffle

location, if present.

Case SL (mg/l, as calculated by the Inlet height, hy (cm) Fri, s/L Flow condition
numerical model)
1 360 11 0.88 - Particle-laden flow
2 120 11 0.88 0.15 Particle-laden flow
3 324 11 0.88 0.5 Particle-laden flow
4 416 1 32.26 - Particle-laden flow
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Table 3. Tank performance (E) and SL for different baffle configurations (baffle heights and positions)
in the numerical experiments. Bold face indicates the best performance and corresponding baffle

heights in each baffle location.

s/L b (cm) E (%) SL (mg/l)
4 0.81 228
8 0.85 180
0.05 10 0.84 192
12 0.83 204
14 0.79 252
4 0.83 204
8 0.9 120
0.15 10 0.91 117
12 0.87 156
14 0.81 228
4 0.8 240
8 0.86 168
0.25 10 0.87 156
12 0.89 132
14 0.84 192
4 0.74 312
8 0.78 264
0.35 10 0.77 276
12 0.79 252
14 0.75 300
No baffle - 0.70 360
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FIGURE CAPTIONS

Fig. 1. (a) Diagram of the experimental setup. Symbols: hy is the inlet height; H, b, s and L are
geometrical variables defining different cases. In all experiments, H=0.34 m,b=0.08 mand L =8

m. (b) Photograph of the experimental tank.

Fig. 2. Vertical distribution of horizontal velocity in the experimental tank at x/L = 0.44, 0.56, 0.69,
0.82 for (a) case 1, no baffle; (b) case 2, s/L = 0.15; (c) case 3, s/L = 0.5; (d) no baffle, no sediment
(Razmi et al., 2009). Symbols are experimental data, dashed lines are numerical results and y/H is

scaled vertical length.

Fig. 3. Vertical distribution of horizontal velocity in the experimental tank at x/L = 0.56, 0.69, 0.82 for
the no-baffle cases: case 1 (ho/H = 0.32) and case 4 (ho/H = 0.03). Dashed lines represent case 1 and
solid lines case 4 (lines are numerical results and symbols are experimental data). The horizontal

axis shows the U/U,. at different positions in the tank and vertical axis is the scaled vertical length.

Fig. 4. Numerical results for normalized sediment concentration along the tank for different cases, no

baffle (case 1), s/L = 0.15 (case 2), and s/L = 0.5 (case 3).

Fig. 5. (a) Horizontal velocity and (b) vertical velocity distributions at different positions near the baffle
(before, at the baffle and after the baffle, listed in the figure) for particle-laden flow with a baffle

case (s/L = 0.5, case 2).

Fig. 6. (a) Simulated contours of sediment concentration (units: mg/l), (b) vertical concentration
distribution at different locations, x/L (listed in the figure), and (c) simulated streamline for particle-

laden flow with a baffle (case 2).

Fig. 7. Simulated contours of S for particle-laden flow with a baffle (case 2).
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Fig. 8. (a) Tank performance versus baffle position and (b) SL versus baffle position.

Fig. 9. (a) Tank performance versus baffle position for different heights (listed in the figure), (b) tank
performance versus baffle height at different locations, x/L (listed in the figure), (c) SL versus

baffle position for different heights, and (d) SL versus baffle height at different locations.
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