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¢ Abstract
Computational fluid dynamics model is used to understand the impact of wind on
the performance of a secondary settling tank (SST) in a wastewater treatment plant
(WWTP). Unlike most of the previous modeling studies which evaluated the wind
effect on the settling tank in a water treatment plant, this study evaluates a circular
SST in a WWTP at different current velocities and flow conditions. Performance in-
dicators, such as effluent suspended solids and sludge blanket height, and three-di-
mensional hydrodynamics profiles are compared among different windy conditions
and the calm condition and under different wind directions and flow conditions.
The simulation results show that the existence of wind has strong negative impacts
on the overall performance of the circular SST. The prediction of ESS is doubled
in the circular SST under the mild wind condition. Moreover, the circular SST is
more sensitive to the wind along the inlet port direction. ~ © 2019 Water Environment

Federation

¢ Practitioner points

o This is the first comparison of wind effects on a circular secondary settling tank

o Detailed computational fluid dynamics solution procedures to simulate a second-
ary settling tank

« Wind effects are investigated under multiple flow conditions, current velocities,
and wind directions

o The performance of a circular secondary settling tank is very sensitive to the wind

« Wind along the inlet port direction has stronger negative impacts than it along 45°
to the inlet direction

e Key words
circular secondary settling tank; computational fluid dynamics; turbulent flow;
wastewater treatment plant

INTRODUCTION

SECONDARY settling tanks (SSTs), also known as sedimentation tanks or secondary
clarifiers, are used in wastewater treatment plants (WWTPs) to remove organic mat-
ter and reduce nutrients such as nitrogen and phosphorus (Ramin et al., 2014). It
has two different functions: clarification and thickening (Parker, 1983). Clarification
separates the suspended solids (SS) to produce a low TSS effluent, while thickening
concentrates the solids at the tank bottom in order to recycle or dispose with less vol-
ume (Gao & Stenstrom, 2017).

McCorquodale, Motta, Griborio, Georgiou, and Homes (2004) summarized that
the efficiency of the SSTs depends on several influential factors, including (a) tank
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geometry, (b) flow conditions (surface overflow rate (SOR),
returned activated sludge (RAS) ratio, and concentration of
mixed liquor suspended solids (MLSS), and (c) atmospheric
conditions, such as water temperature and wind velocity.

In the last three decades, many researchers and engineers
have developed and applied computational fluid dynamics
(CFD) models to optimize SST internal geometry to improve
process efficiency and to understand the effects of influential
factors on the efficiency of SSTs (Das et al., 2016; De Clercq,
2003; Ekama et al., 1997; Patziger, 2016; Ramalingam et al.,
2012; Samstag, Dittmar, Vitasovic, & McCorquodale, 1992;
Vitasovic, Zhou, McCorquodale, & Lingren, 1997; Weiss, Plosz,
Essemiani, & Meinhold, 2007; Zhou & McCorquodale, 1992a,
1992b, 1992c). Most of the previous researches focused on the
influential factors inside the SST, such as tank geometry, energy
dissipating inlet structures, other baffle configurations, and
flow conditions. However, the effects of the atmospheric con-
ditions, such as wind, have rarely been studied.

Larsen (1977) identified that the wind shear at the free
surface transfers energy to the SST and affects the flow field.
McCorquodale et al. (2004) noted the wind is one of the influ-
ential factors on the performance of an SST. However, their
Q3D model did not include the wind shear effects because
of limited computing resources, and they concluded that SST
models should be expanded to three dimensional (3D) to accu-
rately predict wind effects.

In the recent years, several researches have studied the
wind effects on rectangular settling tanks in water treatment
plants (WTPs) (Gkesouli, Nitsa, Stamou, Rutschmann, & Bui,
2016; Gkesouli & Stamou, 2018; Goodarzi, Lari, & Alighardashi,
2018; Khezri, Biati, & Erfani, 2012; Stamou & Gkesouli, 2015).
Table 1 shows the major conclusions of these studies. In most
cases, the predicted effects on removal efficiency are nega-
tive, with the exception of low counter-current wind velocity,
which increased ESS removal. However, the applicability of
these studies to SSTs in WWTPs is limited since the particle

concentration in the influent of the settling tank in WTPs is
very low. The effects of particles on the flow field are negligible,
whereas the high particle concentration in the influent of SSTs
in WWTPs makes the flow currents density-driven.

Additionally, settling tanks in WTPs are usually rectangu-
lar tanks, whereas circular tanks are often used in large SSTs
in WWTPs. Also, the internal baffling structures for rectangu-
lar and circular settling tanks are different. Therefore, the flow
and concentration fields for settling tanks in WTPs and SSTs in
WWTPs are different, and results concluded for settling tanks
in WTPs may not be appropriate for SSTs in WWTPs. To the
best of our knowledge, none of the published papers simulated
the wind effects on SSTs in WWTPs.

This study differs from the previous wind studies on set-
tling tanks in WTPs in that high total suspended solids (TSS)
concentrations, which causes density currents are consid-
ered. The circular SST in a WWTP is studied under different
flow rates and wind directions and velocities. The geometry
of SST and flow conditions is adapted from McCorquodale et
al. (2004). Table 2 summarizes the loading conditions of the
Darvill SST. The CFD package ANSYS Fluent v18.2 is used to
simulate the wind effects on the circular SST along the inlet
port direction (along x-axis) and at 45° to the inlet direction,
and Tecplot 360 (Bellevue, WA) is used for postprocessing.

Ideally, a transient, 3D and three-phase SST model is
needed to simulate an SST that take into account the effect of
wind. However, a single run of such simulation may require a
few months with our computer (Xeon Sliver 4114). Gkesouli
and Stamou (2018) provided an alternative, but more econom-
ical and faster approach, which is to determine a typical value
of the current velocity at the water surface (Us) and set it as a
boundary condition along the water surface. The Us is expected
to depend on the velocity of the wind that is usually defined at a
height of 10 m (Uj,) or “tree top” wind velocities.

Under each tested wind direction, the current velocity at
the water surface (U,) increases from zero to two mildly windy

Table 1. Summary of major contributions of previous studies on wind effects on rectangular water treatment plant settling tanks

REFERENCES

WIND SPEED (U,,)/SURFACE FLOW SPEED (Uj)

MAJOR CONCLUSIONS

Khezri et al. (2012) U,p = 2.5-7.0 m/s (both co-current and

counter-current)

Stamou and Gkesouli
(2015)
Gkesouli et al. (2016)

U, = 0.5 m/s (co-current only)
U,, =0, 5,7.5 m/s (both co-current and

counter-current)

Goodarzi et al. (2018) U, = 5.0 m/s (co-current only)

Gkesouli and Stamou
(2018)

U,y = 15-25 m/s (co-current only)

Co-current wind causes increase flow field velocity
resulting in reduced particle removal efficiency

Counter-current wind causes flow field velocity
decrease that improve particle removal efficiency
at low wind velocities (0-2.5 m/s), but reduced
removal efficiency at high velocity (>2.5 m/s)

Co-current wind causes negligible effects on particle
removal efficiency

Co-current wind slightly reduces particle removal
efficiency (<0.3%)

Counter-current wind slightly increases particle
removal efficiency by up to 1%

Co-current wind causes strong negative effects on
particle removal efficiency

Co-current wind causes strong negative effects on

removal efficiency
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Table 2. Loading conditions of the Darvill SST
INFLOW PARAMETERS SETTLING PARAMETERS DRY SOLIDS DENSITY
MLSS RAS QEprLUENT Vo Ry Rp Py
TESTS NO. G/L RATIO M*/HR M/HR L/G L/G KG/M?
Case 1 4.60 0.80 833 7.71 0.39 10.00 1,450
Case 2 4.30 0.97 688 7.71 0.39 10.00 1,450
Case 3 3.60 0.79 948 7.71 0.39 10.00 1,450
dpe — Vi
conditions (U, = 0.125 and 0.25 m/s) and one extreme con- ot +oV (u,-e) =V [<V+ o._> VS]
&

dition (U = 0.50 m/s), which correspond to 8.35, 16.69, and
33.39 miles/hr for the averaged wind velocities at 10 m height
(U,0), respectively. Equation (1) shows the conversion between
U, and U, (Gkesouli & Stamou, 2018). Table 3 shows the con-
version between the U, and the averaged U,

U, =(0.9%—5.8%) Uy, (1)

Performance indicators, such as effluent suspended solids
(ESS), and sludge blanket height (SBH) from the tank surface,
and 3D hydrodynamics profiles, are compared as in the range of
different wind speeds and wind directions. The SBH is defined as
the depth of sludge bed contour 1,000 mg/L to the water surface.

METHODS

The mathematical model

General information. The hydrodynamics characteristics of
settling tanks in WTPs were studied by using the standardized
multiphase model based on a theoretical solution for slip
velocity based on particle size (Gkesouli et al., 2016; Goodarzi
et al., 2018; Stamou & Gkesouli, 2015). However, since the flow
in SST is driven by density current, the particle transport model
based on sludge settling velocities perform better than the
standardized multiphase model (Wicklein & Samstag, 2009).
Therefore, the particle transport model based on sludge settling
velocities used in our previous SST studies (Gao & Stenstrom,
2018a,2018b, 2019a, 2019b) is also coupled in this current study.

Governing equation. The equations describing 3-D, transient,
turbulent, and density stratified flow in a circular SST are as
follows (Das et al., 2016):

Continuity equation:

dp .
§+V-(pui)=0 (2)

Momentum equation:

opit;

Standard k-¢ turbulence model:

90k | 9 (k) = pv [<v+ﬁ) Vk] +G+Gy—pe  (4)
at O'k
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. g2 ©)
+c1% (G —G5Gy) —Czp?

Sludge transport equation:

0pC dp (_"7;+Vs) C 0 Y\ oC
9pC oPUiT V)Y 9 A3 NI )
o T ox 7o (\"*5. ) ox,

1

Sludge settling equation (Takacs, Patry, & Nolasco, 1991):
V, = max <O,V0 <e‘ 2(C=Con) — g=0(C=Con) > ) ?)

Sludge rheological model (Bokil, 1972):

v=1x10"%!38C for C<1g/L (8)
and
v=2.9x10"%"** forC>1g/L
Local fluid density:

p=pr+C<1—ﬁ> ©
Pp

where p is the local fluid density,  is time, %; is the absolute veloc-
ity vector, p is the general pressure less the hydrostatic pressure
at reference density p, 7 is viscous stress, F is body force, and k in
Equation (4) and ¢ in Equation (5) are turbulent kinetic energy
(TKE) and turbulent dissipation rate, respectively. G, represents
the generation of TKE due to the mean velocity gradients, and
Gy, corresponds to the generation of TKE due to buoyancy. 9 is
the viscosity of the sludge mixture, and 9, is the turbulent eddy
viscosity. In Equation (6), C is the sludge concentration, V; is
the sludge settling velocity in the vertical direction, and ¢ is the

Table 3. Relationship between flow velocities on the water surface
(U;) and “tree top” wind velocities (U,)

Us = (0.9%-5.8%) Uy,

U, (m/s) 0.125 0.25 0.50
UlO,Averaged (m/s) 3.73 7.46 14.93
Ulg_averaged (miles/hr) 8.35 16.69 33.39

Note. Ui averaged (M/s) = Uy/3.35%.
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Geometry, dimensions, and tested flow conditions for the circular SST

Demensions:

Tested Flow Conditions:
Diameter = 35 m SOR RA

S MLSS

Radius of inlet pipe = 0.5 m (m/hr) ratio (g/L)
Depth of side wal=4.1 m Casel: 087 0.80 4.6
Center well depth/diameter = 6.0m/2.7 m Case2: 0.72 0.97 4.3
Stamford baffle depth/length = 0.6m/1.7 m Case3: 099 0.79 3.6

Figure 1.
independent tests shown in Figure 2.

turbulent Schmidt number. The value of . is assumed to be 0.7
in this study (Lakehal et al., 1999). Gao and Stenstrom (2018b)
studied its effects on the performance of SSTs and found that
0. can be used to adjust the sludge blanket height (SBH), when
effluent suspended solids (ESS) and returned activated sludge
(RAS) concentration are well calibrated to the field data.
and ry, account for rapidly and poorly settling floc, respectively.
They were calibrated in the original study of this circular SST
(McCorquodale et al., 2004).

Computational fluid dynamic boundary conditions.
Velocity inlet boundary conditions are applied to inlet
and sludge bottom boundaries, which assume a uniform
distribution of all the dependent variables at the boundary
face. For the surface outlet, a pressure outlet boundary
condition is applied. Using this type of boundary condition,
all flow quantities at the outlets are extrapolated from the

Geometry, dimensions, the tested flow conditions (left), and mesh (right) for the circular SST. (a—c) refer to the locations for grid

interior domain. For the calm condition, the free ambient
water surface is treated as a free slip wall. For the windy
conditions, a constant horizontal velocity is used on the free
surface along the wind direction (Gkesouli & Stamou, 2018;
Stamou & Gkesouli, 2015). The solid boundaries are specified
as stationary walls with a no slip-shear condition.

Solution procedure. 1. Solve the steady-state flow field with pure
water. Convergence is reached when normalized re-
siduals are <107;

2. Switch the solver from steady to transient;

3. Coupled the solids transport equation defined in the user-

defined scalar;

. Change the pure water density to the user-defined fluid

density;

5. Change the pure water viscosity to the user-defined fluid
viscosity;

(a)097 wa (b) 0.0
1.0 — 1.0
E 20 — ‘Coarsemesh'| E 20 —— 'Coarse mesh'
‘% 3.0 —— 'Medium mesh’| £ 39 —— 'Medium mesh’
8 a0 - 'Fine mesh’ §- 40 = 'Fine mesh'
5.0 ’m 5.0 ’—|
6.0 T T T T 1 6.0 1 1 T F ~7.5 m\
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Velocity magnitude (m/s) Velocity magnitude (m/s)
(C) 0.0
1.0
E
E 2.0 —— 'Coarse mesh'
§ 3.0 —— 'Medium mesh’
a = —— 'Fine mesh’
4.0
R=155m
5.0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Velocity magnitude (m/s)

Figure 2. Grid independence test for calculated velocity magnitude (m/s) at three representative radial locations of the circular SST.

544

Gao and Stenstrom



RESEARCH ARTICLE

18

@ ‘'Field Measurements’
16 1 '2D Predictions'
m '3D Predictions'

14+

ESS (mg/L)

0 - L

Case 1 Case 2 Case 3

=T @ 'Field Measurements’
11,000 1 '2D Predictions’
@ '3D Predictions’

10,000
9,000 —
8,000
7,000 —
6,000
5,000
4,000 -

RAS Concentration (mg/L)

3,000
2,000
1,000

Case 1 Case 2 Case 3

Figure 3. Comparisons among the predictions of performance indicators with 2D, 3D models, and field data.

6. The buoyancy damping term (G,) is included to the TKE
equation to describe the turbulent and density stratified
flow;

7. Enable a surface monitor for the concentration of solids on
surface outlet boundary;

8. Enable a surface monitor for the concentration of solids on
sludge bottom boundary; and

9. Enable a volume monitor for the solids volume in the SST.

In the steps (2) to (9), convergence is achieved when the
following three criteria are all achieved:

1. Normalized residuals are <10~ or the solution no longer
changes with subsequent iterations;

2. The net flux imbalance is <1% of the smallest flux through
the domain boundary; and

3. Other monitored key physical quantities no longer change
with subsequent iterations.

Geometry and meshing

Figure 1 shows the geometries, dimensions, the tested flow
conditions, and meshes for the circular SST. The computa-
tional mesh is generated from Trelis 16.5 (American Fork,
Utah) and consists of a total number of 4.8 million hybrid
cells. The geometry of the circular SST was cut axisymmetri-
cally and automatically shown with different colors. Next, the
geometry with half SST was cut into different sections along
the radial direction and meshed in each section independently.
The sections with different colors along the radial direction
represent the mesh in different sizes, with finer meshes in the
field near the inlet and outlets and coarser meshes in the main
settling zone. Finally, the mesh for half of the geometry was
duplicated to automatically generate the mesh for another
half of the geometry. It should be noted that there are four
inlet ports at the very center of the SST, and the direction of
these ports is significant as shown in the simulations.

Water Environment Research ® 92: 541-550, 2020

In order to ensure that the solutions are mesh indepen-
dent, one coarser mesh consisting of 2.5 million cells and a
finer one consisting of 8 million cells are used for the circular
tank. Figure 2 shows velocity magnitudes as a function of depth
for the circular SST calculated from meshes with different grid
numbers at three positions along the radius on the downwind
side of the SST. The three positions are shown in Figure 1 as
(a—c). Since the prediction difference using the medium and
fine meshes is negligible, solution from the mesh of 4.8 million
cells for the circular SST is considered mesh independent and
has the benefit of increased computational speed.

Model validation

The predictions of ESS and RAS are compared with the meas-
ured results (McCorquodale et al., 2004) and previous two-
dimensional (2D) simulation results shown in our previous
study (Gao & Stenstrom, 2018a). Figure 3 shows that predic-
tions of the current 3D model are consistent with the previous
2D results and measured results. The case numbers in Figure 3
are listed in Figure 1.

RESULTS AND DISCUSSION

Performance indicators

Figure 4 shows comparisons of predictions of area-weighted
performance indicators among different current velocities at
the water surface for Cases 1-3. It shows that the wind dete-
riorates the SST clarification performance, whereas it has lit-
tle impact on sludge thickening until under the extreme windy
condition. Also, wind along the inlet port direction has a
stronger impact than a 45° to the inlet direction.

The SST clarification is very sensitive to the wind, espe-
cially when the concentration of MLSS is high. The prediction
of ESS is approximately doubled as the increase in the current
velocity at the water surface (Us) to 0.125 m/s (U, = 8.35 miles/
hr) in each case. As the increase in the current velocity at the
water surface (Ug) to 0.25 m/s (U, = 16.69 miles/hr), the SST
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Figure 4. Predictions of area-weighted performance indicators among different flow velocities on the water surface for Cases 1-3. (Top:
Case 1; Medium: Case 2; Bottom: Case 3).
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z
Concentration Isosurface for case 1-no wind
Inputs: Outputs:
MLSS = 4,600 mg/L ESS =10.6 mg/L
Qeffluent = 833 m3/h SBH=32m Y z
RAS Ratio = 0.8 RAS =10,151 mg/L X
Concentration Isosurface for case 1-no wind
—~——— Inputs: Outputs:
MLSS = 4,600 mg/L ESS =10.6 mg/L X
Qeffluent = 833 m3/h SBH =32 m Elevation (m)y
RAS Ratio=0.8 RAS = 10,151 mg/L
Stamford Baffle 6.0
o B
y 4 4.8
42
36
3.0
24
1.8
Isosurface at 30 mg/L ;-g
Averaged elevation from tank surface 2.1 m 00

Isosurface at 30 mg/L.
Averaged elevation from tank surface 2.1 m

Figure 5. Concentration isosurface at 30 mg/L under the calm condition for the Case 1. Note the four inlet ports in the very center of the
SST.

2z
Concentration Isosurface for case 1-surface flow = 0.125 m/s
Inputs: Outputs:
MLSS = 4,600 mg/L ESS =21.6 mg/L Z
Y
Concentration Isosurface for case 1-surface flow =0.125m/s
Inputs: Outputs:
MLSS = 4,600 mg/L ESS = 21.6 mg/L X
Qeffluent = 833 m3/h SBH=3.1m Elevation (m)
RAS Ratio = 0.8 RAS = 10,191 mg/L, &h
Wind direction 5:4
48
42
3.6
3.0
24
— 18
Isosurface at 30 mg/L g-é
Averaged elevation from tank surface: 1.7 m 00
Isosurface at 30 mg/L
Averaged elevation from tank surface: 1.7 m
Figure 6. Concentration isosurface at 30 mg/L under the first windy condition (Ug = 0.125 m/s) for the Case 1.
z
Concentration Isosurface for case 1-surface flow = 0.25 m/s
Inputs: Outputs: i‘°°
MLSS = 4,600 mg/L ESS = 34.5 mg/L < z
Qeffluent = 833 m3/h SBH=3.0m 6b Y
RAS Ratio=0.8 RAS=10,170 mg/L. &S~ X Concentration Isosurface for case 1-surface flow = 0.25 m/s
Inputs: Outputs:
Elevation (m) MLSS = 4,600 mg/L = X
Qeffluent =833 m3/h Elevation (m}
o RAS Ratio=0.8
5.4 6.0
48 Wind direction 54
42 = 48
36 42
3.0 == = 36
24 3.0
1.8 24
1.2 18
g'g Isosurface at 30 mg/L (1)'2
’ Averaged elevation from tank surface: 0.9 m 00

Isosurface at 30 mg/L
Averaged elevation from tank surface: 0.9 m

Figure 7. Concentration isosurface at 30 mg/L under the second windy condition (Ug = 0.25 m/s) for the Case 1.
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Velocity profiles for test 1-no wind

Inputs: Outputs:
MLSS = 4,600 mg/L
Qeffluent = 833 m3/h
RAS Ratio = 0.8

ESS = 10.6 mg/L
SBH=32m
RAS = 10,151 mg/L

z
Velocity profiles for test 1-surface flow = 0.50 m/s vy
Inputs: Outputs:
MLSS = 4,600 mg/L ESS = 96.7 mg/L
Qeffluent = 833 m3/h SBH =3.0m 5
RAS Ratio = 0.8 RAS = 9,885 mg/L

Figure 8. Velocity profiles without (left) and with (right) the wind effect.

fails in Case 1 due to the excessive of ESS and is under the lim-
iting condition in both Cases 2 and 3.

Since the effects of turbulence and wind, the flow and
concentration distribution are not uniform in the SST; there-
fore, the distribution of ESS is not uniform. Table 4 shows the
predictions of performance indicators range among differ-
ent current velocities at the water surface (U) for Cases 1-3.
Although Figure 4 shows that the area-weighted ESS in Case 1
under the calm and mild windy condition (Us = 0.125 m/s) are
much lower than the ESS limit (30 mg/L), Table 4 shows that
the ESS is close to the limit in Case 1 under the calm condition
and exceeds the ESS limit (highlighted in red) under the mild
windy condition (Us = 0.125 m/s) at a certain location. Table 4
also indicates that the wind along the inlet port direction has a
stronger impact on the SST clarification.

Concentration isosurfaces

In order to better illustrate the prediction results shown in
Table 4, sludge concentration isosurfaces at 30 mg/L under
calm and the first two windy conditions for the Case 1 are
shown in Figures 5-7, respectively. Table 4 and Figure 4 show
that the ESS exceeds 30 mg/L on the entire effluent weir under
the extreme windy condition; therefore, the concentration iso-
surface at 30 mg/L under the extreme windy condition does not
exist and cannot be shown here.

Figure 5 shows that due to the high concentration
of MLSS, the 30 mg/L isosurface is generally close to the
Stamford baffle. At some peripheral areas of the SST, the iso-
surface is above the Stamford baffle and is very close to the
effluent weir. Therefore, the predicted ESS is close to 30 mg/L
at these areas. Figure 6 shows that under the first mild windy
condition (Us = 0.125 m/s), the elevation of the isosurface on
the entire upwind side of the SST rises above the Stamford
baffle. At some peripheral areas of the SST, the isosurface is
at the effluent weir. Therefore, the SST clarification partially
fails. Figure 7 shows that as the increase in the wind shear
induced current velocity at the water surface (Ug = 0.25 m/s),
the 30 mg/L isosurface on the entire upwind side of the SST
is at the water surface. Also, the current velocity at the water

Water Environment Research ® 92: 541-550, 2020

surface (Ug) caused by the wind shear drifts the SS on the
upwind side of the SST to the downwind side of the SST.
Therefore, the SST clarification on the entire effluent weir
fails.

Velocity profiles without/with the wind effect

Figure 8a,b shows the velocity profiles without/with the wind
effect, respectively. Without the wind effect (left), inflows on
both sides of the SST impinge on the center well and are then
forced downward before reversing directions to form horizon-
tal jets toward the side wall. In a vertical section of the SST,
the horizontal jet in the main settling zone recirculates the flow
clockwise and counterclockwise on both sides of the SST.

The existence of the wind (right) increases the circulation
on the upwind side of the SST and causes a large and strong
recirculation in the main settling zone. The horizontal jet flows
along the radial direction to the side wall where it turns verti-
cally and then turns back toward the center well. Therefore, the
liquid in main settling zone of the upwind side of the SST is
mixed, reducing clarification efficiency.

On the downwind side of the SST, the current velocity
at the water surface caused by the wind effect creates oppo-
site recirculation flows compared with the upwind side. The
recirculation flow is along the surface, to the side wall then
downward and back along the SST bottom to the center well.
The wind flows against the horizontal flow to the center well.
Therefore, the horizontal jet becomes weaker and the recir-
culation magnitude in the main settling zone is reduced com-
pared with the upwind side. Also, the SS on the upwind side
of the SST can be transported to the downwind side by the
strong surface jet, the overall ESS removal efficiency of the
SST decreases.

CONCLUSIONS

In this study, Fluent-based 3D transient model is used to analyze
the impact of wind on the performance of a circular SST in an
WWTP. The wind with three different speeds and two wind direc-
tions (along the inlet port direction and at 45° to the inlet port
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direction) are studied under three different flow conditions (Cases
1-3). Therefore, 21 simulations are run for the circular SST.

The predictions of performance indicators such as ESS
and SBH and 3D hydrodynamics profiles are compared
among different wind velocities and the calm condition.
Additionally, predictions under different wind directions are
also compared.

For the cases studied under various flow conditions, wind
velocities, and wind directions, the following predictions and
conclusions are made:

o The circular SST clarification performance is very sensitive to
the wind. Wind deteriorates the SST clarification performance
under every wind direction in the circular SST. The existence of
the first mild windy condition (U, = 0.125m/s) doubles the ESS
for the circular SST (e.g., ESS increases from 10.8 to 22 mg/L
for the Case 1) and existence of the second mild windy condi-
tion (U, = 0.25m/s) causes the failure of the circular SST (e.g.,
ESS increases from 10.8 to 34 mg/L for the Case 1).

o For the circular SST, wind along the inlet port direction has stron-
ger negative impact on the SST than the wind at 45° to the inlet
direction. Also, as the increase in the wind speed, the discrepancy
of the predicted ESS between these two wind directions increases.

 Under mild windy conditions (U < 0.25 m/s) from all direc-
tions, the wind has little effect on the sludge thickening in
the circular SST; high wind (U = 0.50 m/s) deteriorates the
sludge thickening. The change in the SBH under mild wind
conditions is <0.2 m, while the change in the SBH under the
extreme windy condition is more than 0.6 m.

o These results suggest that in windy climates, covering circular
SSTs or protecting them from strong winds may be justified.

DATA AVAILABILITY STATEMENT

The three programs we used are commercially available and
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