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Abstract—This study on the party wall of a flocculation basin provides important ground to facilitate the inducement
of uniformity in the rectangular sedimentation basin and to achieve an improvement in sedimentation efficiency. In
the water treatment plant used for this study, perforated baffle type, square type, pillar type and downward rectangular
type partitions have been applied. We evaluated the hydrodynamic behavior of several types of party walls in the floc-
culation basin by using computational fluid dynamics (CFD). The perforated baffle type demonstrates more effective
output for uniform flow than the square type, and the third party wall of the flocculation process has the most influence
of the three party walls for water flow distribution. To prevent sinking of the flocs formed between the third party wall
and the final outlet wall, it is necessary to develop the third party wall into an actual final outlet wall or to modify it
into a pillar baffle type. In the case of a drinking water treatment system that treats low density water, a perforated baffle
is more efficient as the final outlet wall because a downward rectangular type may form a bottom flow, which may
cause a reduction in the efficiency of the volume capacity.
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INTRODUCTION

Flocculation is the gentle mixing phase that follows the rapid dis-
persion of coagulant by the flash mixing unit. Its purpose is to ac-
celerate the rate of particle collisions, causing the agglomeration of
electrolytically destabilized colloidal particles into settleable and fil-
terable sizes. Flocculation basins are frequently designed to provide
for tapered flocculation in which the flow is subjected to decreas-
ing velocity gradient (G) values as it passes through the flocculation
basin. Typical arrangements for flocculators are paddle wheels on
horizontal shafts, while at least three consecutive compartments are
required to minimize short circuiting. Though the compartments are
separated by perforated baffle, the flow of the flocculation basin is
a non-uniform flow. Its flow therefore affects the efficiency of sedi-
mentation [1]. The efficiency of sedimentation is affected by the
inlet energy, turbidity, water temperature, and weather conditions.
The inlet kinetic energy is the most important factor among the in-
fluence items [2]. However, the inlet kinetic energy is affected by
the shape and composition of the party wall in the flocculation
basin used for the partitions between compartments [3]. The study
on the party wall of a flocculation basin is very important to facilitate
an inducement of uniformity in the rectangular sedimentation basin
and to achieve an improvement in sedimentation efficiency.

In general, the party wall of a flocculation basin and the inlet wall
of a sedimentation basin are of a perforated baffle type. In some
cases, a square type of partition has been applied in flocculation
basins, but at the water treatment plants targeted in this study, several
types of party walls have been applied as partitions, such as perfo-
rated baffle, square, pillar and downward rectangular. In particular,
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the downward rectangular type is very rare in water treatment plants
because it is encouraged to only be used for treatment of wastewa-
ter with a high turbidity. The turbidity of waste water is higher than
that of tap water. Therefore, the low positioning of inlets reduces
the density current and improves settling efficiency [4]. However,
a density current does not frequently occur and is not strong in water
treatment. We therefore need to assess the reasonableness of a down-
ward rectangular type of party wall as well as several other types
in the process of water treatment.

For the evaluation of hydrodynamic behavior in the water treat-
ment process, a tracer test is frequently used, but it can be costly
and time-consuming, especially if a variety of flow conditions and
geometric variations are considered. Due to the convenience of in-
creasingly faster digital computers and the efficient implementation
of accurate numerical algorithms, computational fluid dynamics
(CFD) is a valuable tool for quickly extracting accurate information
about turbulent flow and mixing in industrially relevant devices in
which complex geometries would have prevented modeling just a
few years ago [5,6]. Recently, CFD has been accepted as a useful
tool for the modeling of water treatment systems [2]. We therefore
conducted a CFD simulation for an evaluation of hydrodynamic
behavior in a flocculation basin.

As aforementioned, in the water treatment plant used for this study,
perforated bafle type, square type, pillar type and downward rect-
angular type partitions have been applied. In this study, we evalu-
ated the hydrodynamic behavior of several types of party walls in the
flocculation basin using the Computational Fluid Dynamics (CFD).

MATERIALS AND METHODS

The samples of water treatment plants referenced in this study
have been taken from the Nakdong River, which is located in Busan,
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Table 1. Operating parameter of flocculation basin

Items Operation parameter

Basin size B12 mxL14.4 mxH4.0 m

HRT 50 min,

Flocculator paddle wheels on horizontal shafts (3 step)

Spin 1, 2 step clockwise.
Direction 3 step counterclockwise

Table 2. The compositions of partition wall type

Step case 1 step 2 step 3 step 4 step
1 PB PB PB DR
2 S S PB DR
3 S S P DR
4 S S P PB
5 P.B PB PB PB
6 PB PB P PB

P: Pillar, S: Square, P.B: Perforated baffle, D.R: Downward rectangular

Korea. One of the two plants has fourteen flocculation basins and
the other has eight. The flocculation terms are presented in Table 1.
The shapes of the partition walls are schematically shown in Fig. 1,
and the compositions of the walls are shown in Table 2. Cases 1, 2,
3 and 5 are real plant compositions and cases 4 and 6 are theoreti-
cal cases for comparison with the real plants. The outlet wall type
of cases 1, 2 and 3 is the downward rectangular type, and the outlet
wall type of cases 4, 5 and 6 is the perforated baffle type.

The ratio of the orifice area of perforated baffle to the cross-sec-
tional area of the baffle is 6% and the square type is the same, but
the downward rectangular type is 34%. The orifice diameter of per-
forated baffle is 10 mm. The size of downward rectangular type is
0.8 mx4.5 mx2 (LengthxWidth), 0.7 mx4.5 mx2 (LengthxWidth),
0.5 mx4.5 mx2 (LengthxWidth). The size of square type and pillar
type is 2 mx2 m (LengthxWidth), 0.3 mx0.3 mx4 mx5 (Lengthx
WidthxHeight), respectively. For the evaluation of the output pat-
tern, we assigned a number to each outlet of the downward rectan-
gular type (Fig. 1(a)) and subdivided the perforated baffle into six

Downward rectangular type

(a)

Square type

groups such as the top part (left, right), middle part (left, right) and
bottom part (left, right) which divides equally at the outlet baffle in
the vertical and horizontality direction (Fig. 1(b)).

The reliability and accuracy of CFD simulation was investigated
by comparison with experimental data of case 2. We used sodium
fluoride for the tracer test. After the sodium fluoride was dissolved
in water, it was rapidly poured at the inlet of the flocculation basin.
We sampled the output water at S-minute intervals at the outlet of
the flocculation basin and measured the fluoride ion concentration
by ion chromatography. The sampling port was fifty centimeters in
front of the outlet wall and one meter under the water surface and
from the side wall.

SIMULATION

In the late 1970s, the development and availability of new high
speed computers and new computational techniques made it possible
to numerically compute the basic Navier-Stokes equation [5]. Typ-
ically, the K-Epsilon model has been applied for the CFD simula-
tion of water treatment flow [7,16,17]. An immediate benefit of the
realizable K-Epsilon model is that it more accurately predicts the
spreading rate of both planar and round jets. It is also likely to provide
superior performance for flows involving rotation, boundary layers
under strong adverse pressure gradients, separation, and recircula-
tion [8-10].

In this present study, the model development and simulation were
based on commercial CFD software, Fluent 6.3, and meshing soft-
ware Gambit 2.4 (Fluent Inc., NH, USA). Fluent 6.3, which is a
finite-volume code, was used in hydrodynamics and mass transfer
computations, while Gambit 2.4 provided complete mesh flexibil-
ity in solving flow problems with both structured and unstructured
meshes [10,11].

The governing equations based on the continuity are the equa-
tions of momentum conservation of the Navier-Stokes Equation.
The assumptions used for solving the above equations included:
(1) steady state operation; (2) turbulent flow regime (Realizable k-
epsilon) and (3) Non-slip boundary conditions at wall surfaces. The
boundary conditions of the inlet and outlet were velocity inlet and
pressure outlet, respectively. The flocculator spin was multiple rotat-

Perforated type

Fig. 1. The partitions wall type in the flocculation basin: (a) Case 3, (b) Case 4.
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Fig. 2. A cross section of flocculation basin.

ing reference frames (MRF) at the motion type in the boundary
condition. Hence, MRF approaches can be assumed as steady-state
approximations and the sliding mesh model approaches, on the other
hand, inherently unsteady state due to the motion of the mesh with
time. The MRF approach was found to be sufficient to develop an
understanding of the magnitude of velocity gradients to which a floc
may be subjected within a vessel [12]. The dimension of simula-
tion shown in 3D and the limits of simulation in this paper were
applied as Fig. 2. The geometry for each wall type was drawn by
method of copy, paste and split in Gambit.

We used the species transport method in Fluent for the evalua-
tion of hydrodynamic behavior. This method can be used to model
the mixing and transport of chemical species by solving conservation
equations describing convection, diffusion, and reaction sources for
each component species. The FLUENT predicts the local mass frac-
tion of each species, Yi, through the solution of a convection-diffu-
sion equation for the ith species. The species equation is the same
as Eq. (1). Here, Yi is the local mass fraction and Ji is the diffusion
flux of species I [9].

g—t(pYi) +V(pvYi)=-V(Ji’) M)

The species transport method in Fluent is similar to the method
used in the trace test. After the simulation of the flow and turbu-
lence in the steady state is finished, under the results, the species
transport is simulated in the unsteady state. The detailed procedure
of methodology begins with that we selected water as a chemical
species. First, the species (water) was poured into the inlet port for
five seconds. Second, the concentration of output was collected at
the outlet every 0.5 second.
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Fig. 3. Comparison of CFD simulation and experimental data (C
and Co is effluent concentration and total concentration,
respectively, t is effluent time of species, t0 is hydraulic reten-
tion time.
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Fig. 4. Total effluent concentrations of cases 1, 2, 3.

RESULTS AND DISCUSSION

1. Comparison of CFD Simulation and Experimental Results

The reliability and accuracy of CFD simulation was investigated
by comparison with experimental data of case 2 (Fig. 3). Total con-
centration demonstrated in Fig. 3 is a value dividing total amount
of the influent tracer (sodium fluoride) by volume of flocculation
basin. The recovery ratio of fluoride ion was 96% in the tracer test.
The result data showed an almost similar trend to both the CFD
simulation and the experimental data. The start and maximum points
are the same. However, for the CFD simulation data, the concen-
tration was reduced more rapidly than that of the experimental data
after the maximum point was reached. This result is similar to that
obtained from previous investigations [13].
2. Flow Characteristics According to Party Wall Type

The main aim of species test simulation is to evaluate the flow
characteristics of cases 1, 2 and 3. The total concentrations of the
species as a result of simulation are collected at the outlet of the
flocculation process, and are shown in Fig. 4. In Fig. 4, first, the
concentration profile of case 1, which consists of three perforated
baffles as the first, second and third party walls, is a typical parabola
shape. Second, case 2, which consists of a square type as the first
and second party walls and a perforated baffle type as the third party
wall, has a similar concentration profile as that of case 1, while the
initial time is 5 minutes faster than that of case 1. Finally, the result
profile of case 3, which consists of a square type as the first and
second party walls and a pillar type as the third party wall, is a skewed
parabola shape, and the initial time is one minute faster than that of
case 2. For these reasons, we can suggest that the square type party
wall is less effective in terms of uniformity compared with the per-
forated baffle. In addition, by comparing the results of case 2 and
case 3, we can deduce that the concentration profile is more affected
by the third party wall than by the first or second party wall.

Originally, the purpose of using the square type as a party wall
is to extend the flow time by widening the distance between the
inlet and the outlet and to lead the plug flow by applying the concept
of “First in, First out”. Although the LW ratio for an ideal plug flow
ranges from 16 to 20, the length/width ratio of the flocculation basin
targeted in this study is less than 3, and the mixing caused by the
flocculator renders it difficult to lead the plug flow of the floccula-
tion process [14]. Thus, flow via the square type party wall is less
effective for uniformity, and the initial time is faster compared to
that of flow via the perforated baffle.
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Fig. 5. Effluent concentration at the each sections of case 1, 2 and 3: Sections 1, 2, 3, 4, 5, 6.

As mentioned in chapter 2, we separated the outlet into six sec-
tions. Fig. 5 indicates the concentration profile of the outlet that is
divided into the six sections of case 1, case 2, and case 3. The position
of the six sections is shown in Fig. 1(a). In contrast to case 1, which
has a concentration profile shaped like a typical parabola, the con-
centration profiles of cases 2 and 3 are skewed parabola shapes.
Sections 1, 3, and 5 included in the outlet of case 3 have a particu-
larly twisted concentration profile, due to the eddies and dead spaces
formed in the direction of sections 1, 3, and 5, which are farther
away from the outlet of the second square type party wall.

Similar results are also found from the effluent rate percentage
of the six sections as demonstrated in Table 3. In cases 1 and 2, the
effluent of each section varies in proportion to a top, middle, and
bottom opening ratio (respectively 14%, 13%, and 8%), because
the flow nearby the outlet is distributed uniformly through the per-
forated baffle as the third party wall. Conversely, the result of case
3 is in discord with the opening ratio since the effluent of the middle
section is the maximum value.

Table 3. Effluent flux (%) at the top, middle and bottom of cases

1,2,3
Section Top Middle Bottom
case 1 2 3 4 5 6
Case 1 21.0 216 16.1 16.4 124 125
Case 2 240 247 18.8  19.0 7.1 6.5
Case 3 163 143 20.0 189 144 162

Fig. 6 provides the simulation results of cases 4, 5 and 6, which
have a perforated baffle as a final outlet. First, the concentration pro-
file of case 4, which has a square type as the first and second party
walls, is a skewed parabola shape and the initial time is 2 minutes
faster than that of cases 2, 5 and 6. In contrast to case 4, the con-
centration profile of cases 5 and 6, which have a perforated baftle
as the first and second party wall, is a typical parabola shape. When
considering these results, we can potentially conclude that the square
type party wall has an adverse condition for uniform flow, includ-
ing eddies and short-circuiting flow, compared to the perforated baffle
type. These results can also be explained by adopting the magnitude
of velocity vector and the turbulent dissipation rate as indicated in
Fig. 7 and Fig. 8. Fig. 8 provides the turbulent dissipation rate of
cases 4, 5 at the space between the third wall and outlet wall (X=
6 m, Z=1 m; 1 m under the water surface, Y=—6 m~6 m). Floc size
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Fig. 6. Total effluent concentrations of cases 4, 5, 6.
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(b

Fig. 7. Plane figure (1 m under the water surface) of the velocity vector of cases 4, 5: (a) Case 4, (b) Case 5.
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may be considered to be a balance between the hydrodynamic forces
exerted on a floc and the strength of the floc. Where the floc strength
is resistant to the hydrodynamic forces, one would expect floc size
either to remain constant or for growth to occur. Where the hydro-
dynamic forces exceed floc strength, breakage will occur.

B=Hydrodynamic forces/Floc Strength=F/J ®)

Where F represents the hydrodynamic forces exerted by the flow
and J represents the strength of the floc. It is clear from Eq. (2) that
breakage will occur when B>1 and floc size will be maintained or
increased when B<1. Floc strength, J is a function of the physico-
chemical conditions (raw water type, coagulant type and dose) and
the floc structure. Hydrodynamic force, F is dependent on the turbu-
lence dissipation rate and floc strength, irrespective of sub-range. F
may be expressed as:

F=C,08"d" )

Where C, is a constant and d is the floc diameter. So floc break-
age is influenced by the turbulence dissipation rate [15]. Therefore,
Fig. 8 indicates that the floc breakage possibility of case 4 is high
cases 5, 6 are almost the same concentration profile (Fig. 6). The third
wall of cases 5, 6 is a perforated baffle and the pillar type, respec-
tively. In case 5, the rotational effects of flocculator have no effect
on the space between the third wall and outlet wall. The velocity
vector is shown in Fig. 9(a). So the formed flocs are settled at the
space in a real water treatment process. But in case 6, the rotational
effects of flocculator have an effect on space between the third wall

May, 2010

(a) (b)

Fig. 9. A sectional view of the velocity vector at space between the
third wall and outet wall in cases 5, 6: (a) Case 5, (b) Case 6.

and outlet wall because the third wall is pillar type. The velocity
vector is shown in Fig. 9(b). So the formed flocs are not settled.
Therefore, case 6 is better than case 5.

Fig. 10 shows the concentration profile of the outlet for cases 4,
5 and 6 which are subcategorized into six sections. While cases 5
and 6, which have a concentration profile shaped like a typical parab-
ola, the concentration profile of case 4 is a skewed parabola shape.
In particular, sections 1, 3 and 5 that are included in the outlet of
case 4 have a twisted concentration profile. These results suggest
that eddies and dead spaces are formed in the direction of sections
1, 3 and 5, which are some distance from the outlet of the second
square type party wall. This is the cause of delay in the peak time
at case 4 in Fig. 6. The effluent rate percentages of the six sections
of the outlet are indicated in Table 4. In cases 4, 5 and 6, the effluent
percentage of each section shows similar numerical values through
the entire outlet. The kinetic energy of flow, which is formed when
passing by the first and second party walls, decreases significantly,
passing without resistance through the pillar and perforated baffle
as the third party wall. Therefore, it can be concluded that the outlet
percentage of each section shows a similar numerical value through
the entire outlet.

Indexes for evaluating the mixing level are revealed in Table 5.
For the T10 index indicating the initial time, in the cases 2, 3 and
4, which include square type party walls, the values of T10 are lower
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Fig. 10. Effluent concentration at the each sections of cases 4, 5 and 6: Sections 1, 2, 3,4, 5, 6.

Table 4. Effluent flux (%) at the top, middle and bottom of cases

4,5,6
Section Top Middle Bottom
case 1 2 3 4 5 6
Case 4 16.6 17.8 159 172 157 168
Case 5 155 157 162 16.1 189 176
Case 6 16.7 18.0 158 17.0 158 167

than those of other cases. In contrast, the Tp index indicating the
peak time of the species is higher than other cases. So the values of
the Morill dispersion index, indicating the mixing degree, are higher
for cases 2, 3 and 4, including the square type, than those of other
cases. The modal index is slightly higher for the cases that include
a square type than for other cases. But the difference of the Morill
and modal index for each case is very little. In the case of the short
circuiting index, the values for the cases consisting of a square type
are lower than those for cases consisting of a perforated baffle type.
As mentioned above, the square type causes more short circuiting

Table 5. The index of cases 1,2,3,4,5,6

flow and is less effective for uniform flow than the perforated baffle.
Therefore, the perforated baffle is more successful for uniform flow
than the square type, and the third party wall of the flocculation pro-
cess is significantly influential for the water flow distribution of the
three party walls.

In addition, when comparing the cases that have a downward
rectangular type (cases 1, 2, 3) and a perforated baffle type (cases
4, 5, 6) party wall at the final outlet, the downward rectangular type
causes a bottom flow in the sedimentation basin due to the outlet
of the final wall facing the bottom. The downward rectangular type
is therefore unfavorable for retention time and capacity efficiency
because the upper part of the sedimentation basin is seldom used
for the settling process, and it can also be a cause of decreasing
sedimentation efficiency. Although originally the purpose of using
the downward square type as the final outlet wall was to consider
the case of high turbidity, there are only a few days (less than 30)
when the turbidity of the Nakdong River water entering the drink-
ing water treatment system exceeds 50 NTU. Therefore, it can be
considered that the perforated baffle is more desirable for the final
outlet of the flocculation process than the downward rectangular

Index case 1 2 3 4 5 6 Remark

T10 (min) 19.6 15.3 14.5 18.3 18.5 17.3 10% Overflow time

T90 (min) 62.2 65.0 66.8 76.0 62.8 66.6 90% Overflow time

Tp (min) 29.2 29.6 29.9 34.0 272 26.0 Peak time

Morill 3.18 4.25 4.62 4.17 3.40 3.85 PFR=1, CSTR>>1, T90/T10

Modal 0.58 0.59 0.60 0.68 0.54 0.52 Plug flow=1 (Tp/T), T (HRT)=50 min
Short circuiting 0.39 0.31 0.29 0.37 0.37 0.35 Short circuiting<<1, (T10/T)

Korean J. Chem. Eng.(Vol. 27, No. 3)
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Fig. 11. A cross section of flocculation basin: (a) A present flocculation basin, (b) A suggested flocculation basin.

type.

Generally, in Korea, four party walls are used in flocculation basins:
three party walls and a final outlet wall. The space between the third
party wall and the final outlet wall is not included in the floccula-
tion basin and sedimentation basin. This boundary is shown by an
arrow, v, in Fig. 11(a). The top of this space is covered with con-
crete and is used as a passageway. Because there is no flocculator at
this space, the formed flocs are settled. Therefore, as the time goes on,
the flocs accumulate on the bottom of the flocculation basin. In add-
ition, accumulated flocs fill up the hole of the outlet wall, causing
an upward effluent at the outlet wall. However, the accumulated
flocs can only be removed by cleaning the flocculation basin every
year. We therefore suggest the removal of any one of both the third
party walls and the final outlet wall in order to prevent the settle-
ment of the flocs at this space. This is shown in Fig. 9(b). In order
to achieve a practical application of the third party wall as an outlet
wall, additional studies are required on the volume capacity of the
third flocculation process. At the present, to improve the operating
efficiency of the flocculation basin, the pillar type is suitable as a
third wall. Therefore, case 6 holds outstanding output out of the six
cases tested in this study.

CONCLUSION

Simulation using CFD software was conducted in order to evalu-
ate flow characteristics according to party wall type. Conclusions
are made as follows:

The perforated baffle type is more effective for uniform flow than
the square type, and the third party wall of the flocculation process
has the most influence of the three party walls for water flow distribu-
tion.

To prevent sinking of the flocs formed between the third party
wall and the final outlet wall, it is necessary to develop the third
party wall into an actual final outlet wall or to modify it into a pillar
baffle type.

To achieve the practical application of a third party wall as a final
outlet wall, additional studies on the volume capacity of the third
flocculation process as well as the opening ratio of the perforated

May, 2010

baffle are required in order to minimize the eddies in the floccula-
tion process and to reduce kinetic energy for a stable sedimentation
process.

In the case of a drinking water treatment system that treats low
density water, a perforated baffle is more efficient as a final outlet
wall because a downward rectangular type may form a bottom flow,
which may cause a reduction in the efficiency of the volume capacity.
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