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® Abstract
Computational fluid dynamics (CFD) model is used to study the effect of wind
on the performance of a rectangular secondary sedimentation tank (SST) in a
wastewater treatment plant (WWTP). Unlike most of the previous CFD modeling
studies which evaluated the wind effect on the sedimentation tank in only water
treatment plants, this study evaluates a rectangular SST in a WWTP at different
wind speeds and directions, and under different inflow loading conditions. The
wind is qualitatively and quantitatively analyzed for a range of wind speeds and
directions as well as loading rates. The net effect is to change the three-dimensional
hydrodynamics profiles, effluent suspended solids, and sludge blanket height. The
simulation results show that the wind deteriorates overall clarification performance
of the rectangular SST and has little effect on the sludge thickening under mild
wind conditions until the speed increases an extreme windy condition. These CFD
simulation results suggest that in strong windy climates, covering SST's or protect-

ing them from strong winds may be justified. ~ © 2019 Water Environment Federation

* Practitioner points
o This is the first comparison of wind effects on a rectangular secondary sedimenta-
tion tank
o The effects of varied flow conditions, wind directions, and velocities are compared
o Wind-induced currents in the settling tank negatively affect removal efficiency
« Winds have strong negative impact on the performance of sedimentation tanks

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

INTRODUCTION

IN conventional wastewater treatment facilities, aeration tanks are used with sec-
ondary settling tanks (SSTs) to remove organic matter and reduce nutrients such as
nitrogen and phosphorous. Secondary settling tanks (SSTs), also known as secondary
sedimentation tanks or secondary clarifiers, have two different functions: clarification
and thickening (Parker, 1983). Clarification separates the suspended solids from the
effluent while thickening concentrates the solids at the tank bottom in order to recycle
or dispose with less volume (Gao & Stenstrom, 2017).

In the last three decades, many researchers and engineers have studied influential
factors on the efficiency of SSTs and optimized the performance of SSTs with compu-
tational fluid dynamics (CFD) models. Zhou and McCorquodale (1992a) were among
the first to use CFD to study SSTs and evaluated underflow hydrodynamics of a cir-
cular SST using their 2D CFD model. After overcoming the strong local numerical

Water Environment Research ® 92: 551-561, 2020


mailto:stenstro@seas.ucla.edu
https://orcid.org/0000-0001-7387-2289
mailto:﻿￼
https://orcid.org/0000-0001-6157-0718
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fwer.1244&domain=pdf&date_stamp=2019-10-06

RESEARCH ARTICLE

instabilities near the inlet baffle, they were able to model the
entire SST, from inlet zone to effluent weir. After Zhou and
McCorquodale (1992a), there have been a growing number of
CFD evaluations of SSTs in wastewater treatment plants, and
some of the major ones are summarized in Table 1.

The effects of wind on the rectangular SST are investi-
gated in this study and differ from most of the previous CFD
studies on SSTs, which focused on influential factors inside the
SST, such as internal geometry, sludge settling properties, flow
conditions, McCorquodale, Motta, Griborio, Georgiou, and
Homes (2004) showed that the efficiency of the SSTs depends
on several influential factors, including atmospheric condition,
such as wind velocity. However, they did not study the wind
shear effects on the performance of SSTs with their Q3D model
and they concluded that SST models should be expanded to
three-dimensional (3D) to accurately predict wind effects.

The effects of wind on settling tanks for water treatment
plants (WTPs) have been analyzed in several recent studies
(Gkesouli, Nitsa, Stamou, Rutschmann, & Bui, 2016; Gkesouli
& Stamou, 2018; Goodarzi, Lari, & Alighardashi, 2018; Khezri,
Biati, & Erfani, 2012; Stamou & Gkesouli, 2015). Gao and
Stenstrom (2019¢) summarized the major conclusions of these
studies. In most cases, the predicted effects on removal effi-
ciency are negative. However, since the effects of particle con-
centration on the hydrodynamics of settling tanks in WTPs are
negligible, whereas the high particle concentration in the influ-
ent of SSTs in WWTPs makes the flow currents density-driven,
the hydrodynamics for settling tanks in WTPs and SSTs in
WWTPs are different. Therefore, the results for WTP settling
tanks cannot be extrapolated to SSTs in WWTPs.

In this part of the study, the wind effects on the perfor-
mance of a rectangular SST in the WWTP are investigated
over the range of different wind velocities, directions, and flow
conditions. This work is a sequel of a previous work (Gao &
Stenstrom, 2019¢) in which we studied the wind effects on the
performance of a circular SST in the WWTP.

In recent years, several researchers have analyzed the wind
effects on settling tanks for water treatment plants (WTPs)
(Gkesouli et al., 2016; Gkesouli & Stamou, 2018; Goodarzi et
al,, 2018; Khezri et al., 2012; Stamou & Gkesouli, 2015). Table
1 shows the major conclusions of these studies. In most cases,
the predicted effects on removal efficiency are negative, with
the exception of low counter-current wind velocity, which
increased ESS removal efficiency. 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 at low concentration on the
flow field are negligible, whereas the high particle concentra-
tion in the influent of SSTs in WWTPs makes the flow currents
density-driven. 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 appro-
priate 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
settling tanks in WTPs in that, first of all, the rectangular
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SST is studied under different flow rates and wind directions
and wind velocities. Additionally, high total suspended sol-
ids concentrations (TSS) concentration-induced density cur-
rents are considered. Wicklein and Samstag (2009) compared
the accuracy of the standardized multiphase model based on
a theoretical solution for slip velocity based on particle size
and the particle transport model based on sludge settling
velocities to predict the SST hydrodynamics profiles. The for-
mer model is often used to simulate the hydrodynamics char-
acteristics of settling tanks in WTPs (Gkesouli et al., 2016;
Goodarzi et al., 2018; Stamou & Gkesouli, 2015), whereas the
second model is often used in SST predictions. Their study
showed that since the flow in SST is driven by density cur-
rents, the particle transport model based on sludge settling
velocities perform better than the standardized multiphase
model. Therefore, the particle transport model based on
sludge settling velocities used in our previous SST studies
(Gao & Stenstrom, 2018a, 2018b, 2019¢) is also coupled in
this current study.

The geometry of SST and flow conditions is adapted from
Krebs, Stamou, Garcia-Heras, and Rodi (1996). The CFD pack-
age ANSYS Fluent v18.2 is used to simulate the wind effects
co-current, counter-current, and perpendicular to the SST lon-
gitudinal direction, and Tecplot 360 is used for 3D hydrody-
namics analysis. Under each tested wind direction, the current
velocity on the water surface (U,) increases from zero to two
mildly windy conditions (U, = 0.125 and 0.25 m/s), and one
extreme condition (U = 0.50 m/s), which correspond to 8.35,
16.69, and 33.39 miles/hr for the wind velocities at 10 m height
(U,) or “tree top” wind velocities, respectively. Equation (1)
shows the conversion between Uand U, (Gkesouli & Stamou,
2018).

U, =(0.9%—5.8%) Uy, (1)

The impact of wind is qualitatively and quantitatively
compared to three-dimensional hydrodynamics profiles and
ESS and sludge blanket height (SBH) in the range of different
wind speeds, directions, and flow conditions.

METHODOLOGY

Governing equations
Since this work is a sequel of our previous work, only the turbu-
lence model is shown below. A more detailed description of 3D
transient CFD model non-Newtonian turbulent flow behavior
in an SST can be found in the previous work.

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

Continuity equation:

dp

Momentum equation:

opu; - -
%+V-(PEW)=—V‘D+V-I+F (3)
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Table 1. Summary of previous CFD SST studies
REFERENCES DIM. MODEL VALIDATION REMARKS
Zhou and McCorquodale (1992a) 2D URANS+sk-¢ Velocity profiles First model of the entire SST, from inlet
zone to effluent weir
Zhou and McCorquodale (1992b) 2D URANS+sk-¢  Velocity profiles Evaluated the effects of inlet baffle loca-
tions on the SST removal efficiency
Vitasovic, Zhou, McCorquodale, 2D URANS+sk-¢ Performance indicators Evaluated the effects of surface overflow
and Lingren (1997) rate and surface loading rate on SST
performance
De Clercq (2003) 2D URANS+sk-e  Velocity/concentration ~ Developed an advanced sludge rheologi-
profiles cal submodel for the SST CFD model
Weiss, Plosz, Essemiani, and 2D URANS+sk-¢ Concentration profiles Analyzed the sludge rheological behavior
Meinhold (2007) in the SST
Ramalingam et al. (2012) 3D URANS+sk-¢ Tracer test Developed a new method to measure
discrete floc settling velocities and used
it in their modified flocculation model
Das et al. (2016) 3D URANS+sk-¢ ~ None Showed how inlet geometry modifica-
tions can reduce ESS by more than 80%
Gao and Stenstrom (2018a) 2D RANS+sk-¢ Velocity/concentration ~ Showed the effect of three different

profiles

turbulence models on the prediction of

velocities near the SST inlet zone and

near the sludge hopper

where p is the local fluid density, ¢ is time, #; is the absolute
velocity vector, p is the general pressure less the hydrostatic
pressure at reference density p,, 7 is viscous stress, and F is body
force.

Local fluid density:

p=pr+C<1—&> (4)
Py

Standard k-¢ turbulence model:

aa—ptk+pv (E;k) =pV [<v+

ﬁ>v4+q+Q—m )
Oy

dpe — v 3 2
Al (we) =pV [<v+ é) Ve] +Cip (Gy—GC5Gy) ~Cr (6)

in which k and ¢ are turbulent kinetic energy (TKE) and turbu-
lent dissipation rate, respectively. G, represents the generation
of TKE due to the mean velocity gradients, and G, corresponds
to the generation of TKE due to buoyancy. 9 is the viscosity of
the sludge mixture; 9, is the turbulent eddy viscosity.

The turbulent viscosity, 9,, is determined as a function of
TKE and TDR by,

k2
19t = C” ? (7)
Sludge transport equation:
opC 9 (HH+V)C_ g <wac>

ot 0x; - 6_x, o, 0x; (8)
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where C is the sludge concentration and V is the sludge settling
velocity in the vertical direction.
Sludge rheological model (Bokil, 1972):

v=1x10"%"¥C for C<1g/L ©)]
and
v=2.9x10"%"*CforC>1g/L

Sludge settling equation (Takacs, Patry, & Nolasco, 1991):
V,=max (0, v, (e_ 2(C~Coun) — e_'h(c_cmi")) ) (10)

r, and r, account for rapidly and poorly settling floc, respec-
tively. They were calibrated in the original study of this rectan-
gular SST (Krebs et al., 1996). The predictions of the horizontal
velocity profiles were also calibrated with the laboratory exper-

iments in the original study.

CFD boundary conditions

Boundary conditions are shown in Table 2. Compared with
our previous studies (Gao & Stenstrom, 2018a, 2018b, 2019a,
2019b), the only different boundary condition needed to simu-
late the windy conditions is the surface boundary condition,
which is a constant horizontal velocity as the free surface along
the wind direction (Gkesouli et al., 2016; Stamou & Gkesouli,
2015).

Numerical simulations

The governing equations are solved using the commercial
CFD package ANSYS Fluent 18.2. The fluid flow equations
are solved using the SIMPLE algorithm. Second-order upwind
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methods are used for spatial discretization, whereas first-order
implicit methods are used for temporal discretization. For the
CFD simulations, a 10~ reduction in residuals is set as the
tolerance criterion for the iterations in each time step. The
concentration of solids at the effluent, sludge hopper, and the
total solids volume are used as the convergence indicators. The
typical time for convergence to an acceptable level of accuracy
is around 2 days on a workstation with 16 Xeon Sliver 4114
processors.

In numerical simulations, when the water surface is
considered as a “rigid-lid,” the initial position of the water
surface should be given accurately; otherwise, it will cause
errors in calculation. The initial position of water surface
can be determined by experiment (Jonhn & Joseph, 2002)
and by the theory of multiphase flow with VOF method
(Liu, Wei, Lv, & Yang, 2014; Wei, Liu, & Lv, 2016). Here,
consistent to the numerical solution procedures shown in
Stamou and Gkesouli (2015), and Gkesouli and Stamou
(2018), the converged solution under no wind condition
is used as the initial condition under the windy condi-
tion. Since this is the first study of wind effects on SSTs in
WWTPs, in the future study, more advanced method, such
as the volume of fluid (VOF) method (Liu et al., 2014; Wei
et al.,, 2016), will be used to more accurately describe the
surface effects.

The sludge settling equation is calibrated in the original
study of this rectangular SST (Krebs et al., 1996). The predic-
tions of the horizontal velocity profiles are also calibrated with
the laboratory experiments in the original study.

Figure 1 shows the geometries, dimensions, the tested
flow conditions, and meshes for the rectangular SST. The
computational mesh is generated from Trelis 16.5 (American
Fork, UT) and consists of a total number of 2 million hybrid
cells. The geometry of the rectangular SST was cut longitu-
dinally and automatically shown with different colors. The
sections with different colors along the longitudinal 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.

In order to ensure that the solutions are mesh-indepen-
dent, one coarser mesh consisting of 1 million cells, and a
finer one consisting of 4 million cells are used for the SST.
Figure 2 shows velocity magnitudes as a function of depth for
the SST calculated from meshes with different grid numbers
at three longitudinal locations (near the inlet, at the main
settling zone, near the outlet). Since the differences in results
using the medium and fine meshes are negligible, solution
from the mesh of 2 million cells for the SST is considered
mesh-independent and has the benefit of increased compu-
tational speed.

Table 2. Numerical boundary conditions used in this study

condition

BOUNDARY TYPES CALM CONDITION WINDY CONDITION

Inlet Velocity inlet Velocity inlet

Sludge bottom Velocity inlet Velocity inlet

Effluent Pressure outlet Pressure outlet

Surface Free slip wall Moving wall with a no slip-shear condition
Wall Stationary walls with a no slip-shear Stationary walls with a no slip-shear

condition

Geometry, dimensions and tested flow conditions for the rectangular SST

Dimensions: Tested Flow Conditions: Efflueat Weir
Length = 60 m SOR RAS MLSS
Width =6 m (m/h) ratio (g/L)

Depth =45 m Casel: 1.00 091 3.5
Inlet Height = 0.5 m  Case2: 150 091 35

Figure 1. Geometry, dimensions, the tested flow conditions (left) and mesh (right) for the rectangular SST.
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Figure 2. Grid independence test for calculated velocity magnitude (m/s) at three representative longitudinal locations of the rectangular

SST.

RESULTS AND DISCUSSION

Impact of the wind on the rectangular SST
Performance indicators. Figure 3 compares the predicted
area-weighted ESS and SBH among different current velocity
on the water surface for Cases 1 and 2. It shows that among
these three different types of wind directions (co-current,
counter-current, perpendicular to SST longitudinal direction),
counter-current wind has the most significant negative impact
on the SST clarification, while co-current wind slightly reduces
the ESS under the first mild windy condition, but performance
gradually deteriorates with increasing wind speed. The wind
flowing perpendicular to the SST’s longitudinal direction has
the least negative effect on the SST clarification. However,
neither these three types of wind have strong impact on the
sludge thickening under the mild windy conditions (U; = 0.125
and 0.25 m/s), and only co-current and counter-current wind
has strong impact on the sludge thickening under the extreme
windy condition.

Table 3 shows the range of ESS predictions in the clam and
different windy conditions for Cases 1 and 2. It also shows that
under the first mild windy condition (U = 0.125 m/s), co-cur-
rent wind slightly improves clarification of the SST along the
entire length of the effluent weir, whereas the counter-current
wind increases ESS to more than 30 mg/L at certain location
along the effluent weir. Also, when wind increases perpendic-
ularly to SST longitudinal direction, the highest ESS increases
gradually to 30 mg/L at the extreme windy condition.

Variation of the hydrodynamics as the existence of co-current
wind. Figure 4 compares the velocity profiles under the calm

Water Environment Research ® 92: 551-561, 2020

and co-current wind conditions for Case 2. Under the calm
condition (Figure 4a), the inflow generates a strong horizontal
jet from the inlet to the rear of the tank, which creates a current
flowing counterclockwise over the length of the entire SST and
forms a small eddy recirculating clockwise near the effluent
weir. However, the existence of co-current wind (Figure 4b)
changes the flow pattern above the horizontal inflow jet. It
changes the recirculation over the entire SST to flow clockwise
and enhances the size and turbulence intensity of the eddy near
the effluent weir. Since the recirculation direction above the
horizontal inflow jet is opposite to the eddy near the effluent
weir, it suppresses the upward flow of the suspended solids to
the effluent weir. As the current velocity on the water surface
increases (Figure 4c,d), recirculation over the entire SST and
near the effluent weir is intensified. When flow velocities on
the water surface increase to 0.5 m/s (extreme condition), the
current velocity on the entire water depth near the rear wall
increases to the same magnitude of the inlet velocity. The
strong current velocity near the rear wall stirs up the suspended
solids to the effluent weir and causes the SST to fail.

Figure 5 shows the comparison of concentration iso-sur-
faces at 30 mg/L under the calm and co-current wind condi-
tions. Similar to the velocity patterns shown in Figure 4, Figure
5a shows that under the calm condition, the elevation of the
concentration iso-surface reduces gradually as the sedimen-
tation of suspended solids along the longitudinal direction.
However, the existence of surface current velocity caused by
the co-current wind (Figure 5b) intensifies the eddy near the
effluent weir, therefore stirring up the suspended solids near
the effluent weir to a higher elevation. As the increase of sur-
face current velocity (Figure 5c,d), the intensification of the
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Figure 3. Predictions of area-weighted ESS and SBH among different flow velocities on water surface for Cases 1 and 2.

recirculation above the horizontal jet and the eddy near the
effluent weir stir up the suspended solids over the entire SST;
therefore, the entire elevation of the iso-surface is increased.
Figure 5d shows that the eddy near the effluent weir is so strong
that the ESS concentration along the entire length of the efflu-
ent weir is more than 30mg/L (ESS limiting).

Variation of the hydrodynamics as the existence of counter-
current wind. Figure 6 compares the velocity profiles under
the calm and counter-current wind conditions for Case 2. It
shows that the existence of surface current velocity caused by
the counter-current wind enhances the horizontal inflow jet
flowing to the rear wall and then flowing upward to the effluent
weir. The stronger upward flow carries the suspended solids to
the effluent weir; therefore, counter-current wind has stronger
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negative impacts than the co-current wind. Also, different from
the flow pattern under co-current wind, counter-current wind
strengthens the counterclockwise flow pattern over the entire
SST, especially near the front wall. As the counter-current wind
increases to the extreme condition (Figure 6d), the current
velocity on the entire water depth near the front wall increases
to the same magnitude of the inlet velocity.

Figure 7 shows the comparison of concentration iso-sur-
faces at 30 mg/L under the calm and counter-current wind con-
ditions. Similar to the velocity patterns shown in Figure 6, the
stronger upward flow near the rear wall (Figure 7b) carries sus-
pended solids to the effluent weir; therefore, the elevation of the
concentration iso-surface near the rear wall increases. As the
increase of surface current velocity was caused by the counter-
current wind (Figure 7c,d), suspended solids on the entire SST

Gao and Stenstrom
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Table 3. Predictions of ESS range among different surface flow velocities for Cases 1 and 2

SURFACE FLOW AVERAGED ESS HIGHEST ESS
VELOCITIES WIND DIRECTIONS (MG/L) LOWEST ESS (MG/L) (MG/L)
Case 1
U;=0 10.8 10.3 11.4
U,=0.125m/s Co-current 10.7 10.2 10.8
U,=0.25m/s Co-current 11.6 10.5 12.0
U, =0.50 m/s Co-current 23.7 14.0 31.0
U, =0.125m/s Counter-current 11.0 11.0 11.6
U,=0.25m/s Counter-current 12.2 12.0 13.0
U, = 0.50 m/s Counter-current 29.0 18.9 56.6
U, =0.125m/s Perpendicular 10.8 10.0 11.0
U, =0.25 m/s Perpendicular 10.9 10.0 11.4
U, =0.50 m/s Perpendicular 11.0 10.3 11.4
Case 2
U,=0 16.6 14.3 21.0
U,=0.125m/s Co-current 15.6 10.0 23.0
U,=0.25m/s Co-current 16.0 11.0 20.0
U, = 0.50 m/s Co-current 50.6 19.6 69.4
U, =0.125m/s Counter-current 16.8 15.0 32.0
U,=0.25m/s Counter-current 17.4 15.8 22.5
U, = 0.50 m/s Counter-current 74.0 49.0 136
U, =0.125m/s Perpendicular 16.0 13.0 19.0
U, =0.25 m/s Perpendicular 17.3 12.4 25.0
U, = 0.50 m/s Perpendicular 16.9 12.5 27.7

Velocity profile: No wind

Velocity profile: Surface flow=0.125 m/s Large
Wind direction Strong
(b)
Velocity profile: Surface flow =0.25 m/s Larger
Stronger

‘Wind direction
—_—

()

Velocity profile: Surface flow = 0.50 m/s Largest
Surface wind direction (@) Strongest
—_—

| N | W

Velocity (m/s): 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12

Figure 4. Comparison of velocity profiles under the calm and co-current wind conditions for Case 2.
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RAS Ratio = 0.91

(a) Concentration Iso-Surface: No wind Y
Inputs: Outputs:
MLSS = 3500 mg/L ESS =17 mg/L z
Qeffluent = 540 m*hr SBH=32m
X

Iso-Surface at 30 mg/L
Averaged elevation from tank surface 2.7 m

(b) Concentration Iso-Surface: Surface flow=0.125 m/s Y
Inputs: Outputs:
MLSS = 3500 mg/L ESS = 15.6 mg/L z

Qeffluent = 540 m*/hr
RAS Ratio =0.91

SBH=33m

Iso-Surface at 30 mg/L
Averaged elevation from tank surface 2.5 m 0.0

(c) Concentration Iso-Surface: Surface flow=0.25m/s Y
Inputs: Outputs:
MLSS = 3500 mg/L ESS =16 mg/L z
Qeffluent = 540 m*/hr SBH=34m

RAS Ratio = 0.91 5%

évation (m)

Iso-Surface at 30 mg/L
Averaged elevation from tank surface 2.2 m

Concentration Iso-Surface: Surface flow=0.50 m/s Y

Inputs:

MLSS = 3500 mg/L
Qeffluent = 540 m*/hr
RAS Ratio = 0.91

(d)
Outputs:

ESS =50.6 mg/L z
SBH=35m

Figure 5. Comparison of concentration iso-surfaces at 30 mg/L under the calm and co-current wind conditions for Case 2.

are stirred up and the entire elevation of the concentration iso-
surface is increased. Figure 7d shows that the concentration
of the suspended solids is more than 30 mg/L (ESS limiting)
on a significantly larger scale of SST surface area than under
the same velocity of co-current wind (Figure 5d), which also
indicates that the counter-current wind has stronger negative
impacts than the co-current wind on the SST.

Compared with the wind study of Gkesouli et al. (2016) for
a settling tank in the WTP which shows that co-current wind
has negligible negative effects and counter-current wind has
positive effects on the particle removal efficiency, the current
study shows that the SST fails with only 0.125 m/s increase of
surface current velocity caused by the counter-current wind
velocity and 0.25 m/s increase of surface current velocity caused
by the co-current wind velocity.

Variation of the hydrodynamics as the existence of wind
flows perpendicular to the SST longitude direction. Figure 8
shows the comparison of concentration iso-surfaces at 30 mg/L
under the calm condition and wind flows perpendicular to
the tank longitudinal direction for Case 2. It shows that the
concentration of the iso-surfaces at 30 mg/L under the first
windy condition (U; = 0.125 m/s) and under the calm condition
is similar, which indicates that the suspended solid distribution
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in the rectangular SST is insensitive to the wind velocity less or
equal than this mild windy condition. As the current velocity
on the water surface increase to 0.25 m/s, the suspended
solids on the downwind side of the effluent weir is stirred
up and elevated close to the effluent weir. When the surface
current velocity increases to 0.50 m/s (extreme condition), the
concentration iso-surface is elevated close to the effluent weir
on the entire width of the SST.

CONCLUSIONS

In this study, Fluent-based 3D numerical models are used to
analyze the impact of wind on the performance of a rectangular
SST in the WWTP. The rectangular SST is tested under two dif-
ferent flow conditions (Cases 1 and 2). Under each flow condi-
tion, three different wind speeds as well as three different wind
directions (co-current, counter-current wind, and wind flow-
ing perpendicular to the SST long axis) are tested. Therefore, 18
simulations are run for the rectangular SST.

The predictions of performance indicators, such as ESS
and SBH, 2D velocity profiles, and 3D concentration iso-sur-
face 3D hydrodynamics profiles, are compared under different
wind velocities and flow conditions. Additionally, predictions
under different wind directions are also compared.

Gao and Stenstrom
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Figure 6. Comparison of velocity profiles under the calm and counter-current surface wind conditions for Case 2.

(a) Concentration Iso-Surface: No wind Y (b) Concentration Iso-Surface: Surface flow =-0.125 m/s Y
Inputs: Outputs: Inputs: Outputs:
MLSS = 3,500 mg/L ESS = 17 mg/L Z MLSS =3,500 mg/L ESS = 14.2 mg/L z
Qeffluent = 540 m%hr SBH=32m Qcffluent = 540 m*hr SBH=3.2m
RAS Ratio = 0.91 e RAS Ratio = 0.91 %,
////
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/ "
o e — 3.6

Iso-Surface at 30 mg/L Iso-Surface at 30 mg/L 0.4
Averaged elevation from tank surface 2.7 m 0.0 Averaged elevation from tank surface 2.4 m 0.0
(c) Concentration Iso-Surface: Surface flow =-0.25m/s v (d) Concentration Iso-Surface: Surface flow =-0.50 m/s Y
Inputs: Outputs: Inputs: Outputs:
MLSS = 3,500 mg/L ESS = 15.7 mg/L. Z o MLSS = 3,500 mg/L ESS =74 mg/L z
Qcffluent = 540 m¥%hr SBH=3.1m g Qeffluent = 540 m*hr SBH=28m
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/so-Surface at 30 mg/L 0.4

Averaged elevation from tank surface 0.1 m 0.0

Iso-Surface at 30 mg/L
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Figure 7. Comparison of concentration iso-surfaces at 30 mg/L under the calm and counter-current surface wind conditions for Case 2.
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(a) Concentration Iso-Surface: No wind Y
Inputs: Outputs:
MLSS = 3,500 mg/L ESS =17 mg/L z
Qeffluent = 540 m*/hr SBH =32m
RAS Ratio = 0.91

Iso-Surface at 30 mg/L
~~ Averaged elevation from tank surface 2.7 m

(b) Concentration Iso-Surface: Surface flow = 0.125 m/s

perpendicular to the flow direction

Inputs: Outputs:
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perpendicular to the flow direction Y
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X
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(d) Concentration Iso-Surface: Surface flow= 0.50 m/s

perpendicular to the flow direction

Inputs: Outputs:
MLSS = 3,500 mg/L ESS = 16.9 mg/L

Y
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Figure 8. Comparison of concentration iso-surfaces at 30 mg/L under the calm condition and surface wind flows perpendicular to the tank

longitudinal direction for Case 2.

For the cases studied under various flow conditions, wind
speeds, and wind directions, the following predictions and con-
clusions are made:

o Wind deteriorates the SST clarification performance under
every wind direction in the rectangular SST, except with
mild co-current windy condition (U, < 0.125m/s), which
slightly improves the clarification of the rectangular SST.

« Counter-current wind has strongest negative impacts on the
SST while the wind flowing perpendicular to the SST longi-
tudinal direction has the least negative impacts.

o Wind under the mild windy conditions (U, < 0.25m/s) has
little effect on the sludge thickening under every wind di-
rection, while it deteriorates the sludge thickening under the
extreme windy condition (U, = 0.50m/s).

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