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Introduction

The issue of water in general and po-
table water in particular is of the highest
interest and that the provision of pota-
ble water to all citizens in all areas and
villages in Iraq requires the availability
of several factors, the most important
of which is the provision of water and
electricity sources and the provision of
financial allocations and land for the es-
tablishment of water stations.

In view of the problems experienced
by the water sector as a whole and drink-
ing water in particular, which relate to
the quantities and quality of water flow-
ing into the Iraqi territory from neigh-
boring countries, which decreases annu-
ally or deteriorate qualitatively because
of the implementation of neighboring
countries for a large number of develop-
ment projects without coordination with

the Iraqi side. The Directorate General of
Water in Iraq has taken some measures
to address this issue through the instal-
lation of package water treatment units
that contributed to reducing the water
scarcity rate from 42% in 2006 to 20%
in 2010 (Ministry of Municipalities and
Public Works of the Iraq, 2010).

Surface water treatment is generally
aimed at removing suspended materials
that cause turbidity and color and odor
change. Most of the methods used to treat
this type of water have been limited to
coagulation, flocculation, sedimentation,
filtration and disinfection. The suspended
material consists of organic and clay ma-
terials, and contains some microorgan-
isms such as algae and bacteria. Due to
the small size of these components and
the large surface area compared to their
weight, they remain stuck in the water
and not deposited. Therefore, depend-
ing on their surface and chemical prop-
erties, and using flocculation processes,
the main method of surface water treat-
ment, where some chemicals are used
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to break the balance of the suspended
materials and create conditions for depo-
sition and removal in sedimentation ba-
sins. Sedimentation process is followed
by filtration using sand filters to remove
residual residues. The sedimentation and
filtration processes are followed by the
disinfection process prior to sending the
water to the consumer.

After 2003, hundreds of regional de-
velopment projects were completed to
provide potable water to rural and remote
areas in most governorates in Iraq. These
projects consist of a package water treat-
ment plant with a water network. As a
result, the Contracts Department in Di-
waniyah Governorate carried out several
projects of the package water treatment
plant (PWTP) units, where the number
of them (more than 200) with capac-
ity 14-400 m*h™! had been distributed
throughout the districts of Diwaniyah
governorate. For these projects is surface
water. The source of potable water in the
province of Diwaniyah is the river water,
which comes from the Euphrates river.
Therefore, all the units of drinking wa-
ter purification is the water of the rivers
for the purpose of treatment and making
them drinkable. It is also known that the
Euphrates river is considered to be turbid
water, especially in the spring and sum-
mer seasons. As the collected water units
use pressure filters to filter the water and
remove turbidity. The high turbidity val-
ues of water cause great pressure on fil-
ters reducing their efficiencies, and this
requires changing the filters materials,
such as sand and gravel every month;
therefore, the cost of operation and main-
tenance is increased and the number of
operation hours is decreased, resulting in
inefficiency of water purification units.

Given that the turbidity values are very
high from the surface water source of
the Diwaniyah during most of the year,
which makes coagulation and floccula-
tion an important and decisive factor in
removing the turbidity. The disinfection
chlorine is less effective when the raw
water is very high, that is, when there is
a lot of particles in the water (particulate
matter) because these particles are work-
ing to prevent the access of chlorine to
the bacteria. Therefore, there is a need
for inexpensive and sustainable prefab-
ricated water parks that remove particles
or decomposes from the supply of wa-
ter supplies, and all components of these
plants must operate efficiently. All the
package water treatment plant contains
mechanical flocculators, which suffers
from continuous faults and needs period-
ic maintenance and needs electric energy
to operate, which leads to an increase in
the cost of water production and lack of
quality of water produced. In this study,
mechanical flocculation, which uses
electric paddles will be replace with hy-
draulic flocculation, which uses gravity
energy from water. This design uses a
hydraulic process to reduce the compli-
cations associated with mechanical floc-
culation and to deal with the lack of elec-
tricity. The hydraulic flocculation has the
advantage that the baffles achieve gentle
agitation.

The process of flocculation is the ag-
gregation of destabilizing particles in the
microflocs and then in larger particles
called flocs (Degreimont, 1991). There
are two types of flocculators: hydraulic
flocculators, which stirring is achieved
by baffling in horizontal flow or verti-
cal flow baffles the flocculator channel,
through a series of separate chambers
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(Smet & Wijk, 2002) and mechanical
flocculator which stirring is achieved by
mechanical paddles, and impellers (Smet
& Wijk 2002).

In developing countries, the hydrau-
lic flocculator is preferred because of
the ease of operation and maintenance,
the absence of mechanical equipment,
and the consumption of energy. The hy-
draulic flocculator does not require elec-
tricity but still uses the basic principles
of flocculation. In this study, the water
technology produced by AguaClara was
adopted. Critical parameters affecting
hydraulic flocculator design included
water velocity, velocity gradient, reten-
tion time, water depth, and baffle geom-
etry (Shultz & Okun, 1984; McConnach-
ie, Folkard, Mtwali & Sutherland, 1999;
Haarhoff & Van Der Walt, 2001). In the
hydraulic flocculator the mixing is cre-
ated by baffling in the channel that leads
to abrupt directional changes in the flow
(Bridgeman, Jefferson & Parson, 2009;
Crittenden et al., 2012; Edzwald, 2013).
Hydraulic flocculators are built on two
fundamental ideas. The first is velocity
gradient (G) [s"!], and the second is G0,
— a dimensionless measure of mixing. 6
is the residence time of the tank, so G
times @ yields a dimensionless number
(Casey, Monroe & Lion, 2017; Marques
& Ferreira Filho, 2017).

Computational Fluid Dynamics
(CFD) package ANSYS Fluent 16.1
software, was utilized to help analyze the
flow path in the flocculation of Al-Eskan
package water treatment plant (EPWTP)
in the south of Diwaniyah city in Iraq.
This software is useful because it allows
us to visualize the flow and understand
how liquid behaves as it travels through
the flocculator.

In this study, the type of flocculation
basin will be change from mechanical
to hydraulic. The current flocculation in
the project is of mechanical type. The
dimensions of the flocculator are width
2.5 m, length 4 m, and height 2.5 m. A
major challenge in this project is the pro-
cess of coordination between the amount
of flow rate and the number, height and
distances between the baffle in the floc-
culation. Another challenge to be ad-
dressed in this study is that the dimen-
sions of the flocculator are constant and
cannot be changed.

The design parameters of the hy-
draulic flocculation tank that were taken
into consideration in this study are floc-
culator geometry, number and dimension
of baffles, head losses, turbulent flow,
water velocity, velocity gradient and hy-
draulic retention time.

The main objective of this study is
to design a hydraulic flocculator basin
instead of a mechanic for the EPWTP
using a ANSY'S Fluent CFD model, and
to optimize the flocculation tank design.
It is hoped that the hydraulic flocculator
basin, which was designed in this study,
will be construct in all the package water
treatment plant in the Al-Eskan project
to achieve values <1 NTU.

Material and methods

Description of Al-Eskan package
water treatment plant (EPWTP)

The package water treatment plant
is a built-in tank system that combines
all the necessary ingredients for coagu-
lation, flocculation, sedimentation, filtra-
tion, and disinfection. This design makes
it ideal for treating potable water and
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consumes less electrical energy and is
quick to implement and can also be used
to reduce suspended solids.

The rapid mixing tank is a 2,000-liter
UPVC tank containing a rapid mechani-
cal mixer for alum; then mixing alum
with water and piping it into the me-
chanical flocculation. The flocculation
basin consists of an electric mechanical
mixer that moves the water and a slow
motion to act as a collision and adhesion
between the particles in the water and
make it larger and then deposited in the
sedimentation basin. The water is then
transferred from the flocculation basin
to the settling basin evenly from the bot-
tom by pipes regularly distributed below
the sedimentation basin. The sludge is
periodically pulled out by an automatic
valve. The treated water is collected
through weirs and channels in the sedi-
ment basin surface for pumping to high
pressure filters. The water coming from
the settling basin enters the pressure fil-
ters to remove the remaining solid par-
ticles as the water passes through the
layers of the different filtration materi-
als and is constantly washed depending
on the amount of turbidity entering. The
water is then collected in a tank and the
chlorine is added to the gas after mix-
ing with the water for disinfection at the
beginning and end of the project before
pumping it to the consumers (Fig. 1).

The present study focused on study-
ing the possibility of developing a
100 m>h™! package water treatment
plant located in the Al-Eskan project in
the south of Diwaniyah city, in Diwani-
yah governorate (Iraq). The project of
EPWTP is 10 units of water collected
each unit of capacity of 100 m*h™! and
each unit working in parallel pool water

FIGURE 1. Al-Eskan package water treatment
plants

in one storage basin dimensions of 12 x
x 2.2 x 2.2 m with a collection basin and
pressure filters and the pressure pipe 10
inch and 2 pumps 75-hp. The EPWTP is
equipped with raw surface water from
the Diwaniyah river, which is one of the
Euphrates river by pumps 100 m away
from the station. The population served
by this project is about 100,000 people
(Figs. 2 and 3).

Figure 3 show the EPWTP descrip-
tion of technical and technological pa-
rameters for the operation of separate
unit processes of water treatment.

The dimensions of the EPWTP at a
capacity of 100 m*h™! are 12 x 2.20 x
x 2.20 m (length x width x height). Alu-

R
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FIGURE 2. Mechanical flocculator in EPWTP
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FIGURE 3. A technological scheme for purifying the water

minum sulphate is used as a coagulant,

which is added in 5 kg to the external

rapid mixing basin with a capacity of

2,000 L (2.5 g'L ") in the winter seasons.

The turbidity values are 30 NTU and

10 kg in summer seasons (5 g'L ") when

turbidity reaches 200 NTU. Furthermore,

in disinfection process, liquid chlorine is

added at a rate of 10 mg'L™". Below is a

description of the practical aspect:

1. Laboratory experiments and labora-
tory tests were carried out on one-
-year EPWTP from January 2016 to
December 2016. The limits of inlet
turbidity were 20-200 NTU.

2. The computational fluid dynamics
model was used to design a vertical
hydraulic flocculater basin using the
ANSYS Fluent 16.1 program.

3. Several geometric parameters have
been tested related to the design of

the flocculater basin, through which
the optimum design can be deter-
mined for flocculation.

The jar test was performed using the
Lovibond device to determine the
optimum value of the aluminum sul-
phate concentration.

The samples were collected to
measure the turbidity from the in-
take of EPWTP, the entrance to the
EPWTPs, the flocculation basin, the
sedimentation basin, the water filters
and the storage and assembly basin.
Total suspended and turbidity levels
using the HACH2100 turbidity me-
ter and all tests were carried out in
the EPWTP laboratories. The highest
value of the turbidity is 200 NTU, so
this value was adopted for the turbid-
ity in the experiments of this study

(Fig. 4).
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FIGURE 4. Raw water turbidity values for the period from January 2016 to December 2016

Flocculation design criteria

Typical design criteria for hydrau-
lic flocculation are shown in Table 1.
The hydraulic guide design criteria are:
velocity gradient, detention time, chan-
nel velocity. Velocity gradient x velocity
gradient refers to the level of turbulence.
The velocity gradient x detention time
is associated with a number of particle
collisions.

TABLE 1. Flocculator design criteria

CFD model and analysis

Vertical hydraulic flocculator
geometry

A schematic diagram of a typical
vertical hydraulic flocculator is shown in
Figure 5. The design variables that have
been taken into account when designing
the flocculate basin include the flow rate
(0) [m*h™], the number of baffle per

Designation Unit

Range

10-100, typical 45-90 (Smet & Wijk, 2002)
Velocity gradient s |20-100 (Schulz & Okun, 1984)
100 (Degreimont, 1991)

Velocity gradient x detention
time

30 000-150 000 (Smet & Wijk, 2002)
20 000—-150 000 (Schulz & Okun, 1984)

Detention time min

15-20 (Smet & Wijk, 2002)
10-15 (US Environmental Protection Agency, 1998)

Channel velocity ms!

0.1-0.3 (Smet & Wik, 2002)
0.1-0.3 (Schulz & Okun, 1984)
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FIGURE 5. Vertical hydraulic flocculator geometry

section [N], the baffle spacing (BS) [m],
the baffle dimensions, head losses [m],
basin depth (FH) [m], clearance height
(CH) [m], and water depth (L) [m].
We have been exploring by using the
ANSYS Fluent program different ratio
of FH/BS and CH/BS.

Using the results of the analysis of
these ratios we obtain the ideal design
of the flocculator basin. The energy dis-
sipation rate indicates that the breakup
of flocs is the most important constraint.
The more uniform energy dissipation rate
means the optimum flocculator design.

Procedures for tank design
and configuration

The flocculation basin available di-
mensions are 4.0 x 2.2 x 2.2 m (length X
x width x height) with a wall thickness
of about 0.8 cm in EPWTP. From the
design criteria imposed by the reality
of the project, the depth of the floccula-
tor basin is the depth of the sedimenta-
tion basin. The water level at the end of
the flocculator basin is similar to that of
the water level in the sedimentation ba-
sin. The width of the channels is deter-
mined by the need to construct the chan-
nel using humans. The channel width
is also determined by the efficiency of
the flocculator basin which was 0.70 m.
The distance between the baffles and
their number is determined by the flow

Sedimentation

rate. The height of the vertical hydraulic
flocculatore is determined by the height
of the sedimentation basin, which is 2.0
m. As package water treatment plant need
longer residence time and more baffles
number. The width ofthe flocculator basin
is determined by the width of the settling
basin, which is 2.2 m. The hydraulic ver-
tical flocculator in EPWTP is divided into
three sections filled with vertical baffles
(Fig. 6). The purpose of adding baffles is
to increase gradient velocity (G) by acting
as an obstacle and forcing water through
a restricted flow path. A hydraulic floc-
culator design was created based on opti-
mized parameters available in the previ-
ous studies (McConnachie & Liu, 2000;
Haarhoff & Van Der Walt, 2001). The
initial design divided the total minimum
mixing value (60,000) evenly among the
three sections, with each section having
an even velocity gradient of 50 s™!. The
current setup has a baffle spacing of 10
cm with 22 baffles per section. ANSYS
Fluent CFD software will be used to find
the best design for the vertical hydraulic
flocculator to get the efficient of turbid-
ity removal < 1 NTU.

Velocity gradients

As previous studies have shown, ve-
locity gradient is the central variable to
improve flocculation performance. The
velocity gradient value is usually ex-
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FIGURE 6. Vertical hydraulic flocculator layout (top view)

pressed as a function of total energy input
for each total flocculator volume (Eq. 1).
It can also be expressed in terms of total
head loss and retention time (Eq. 2). The
expression of head loss is given by Equa-
tion 3. The physical interpretation of the
velocity gradient value is, however, not
a velocity gradient, but rather an energy
dissipation rate per unit volume. The for-
mulation used in this study to express G,
is given by Equations 2 and 4 (Lawler &
Nason, 2004):

G= r (D
U
ue
G=[pZ 3)
H nfoL-(wtb)] V2
hl = ZKminor+ > :|
2-w-b 2-g
4)
where:

P — total power input to flocculator
[N'm™s7'],

V — average channel velocity [m's™'],
h; —head loss across flocculator [m],
K — empirical head loss coefficient for a
180° bend in a square channel,

n —number of 180° turns in flocculator,
1 — molecular viscosity [Pa-s],

w — channel width [m],

L, — baffle length [m],

b — baffle space [m],
f— friction factor,

g — gravity 9.81 m's ™2,

6 — retention time [s].

CFD model

In order to better understand the be-
havior of the fluid in the flocculation tank,
the CFD simulation has modeled the tank
using ANSYS Fluent 16.1 software. This
approach allows the analysis of different
geometries, flows and boundary condi-
tions without the difficulty of setting.
The results produced by the simulation
enables examining detailed profiles of
velocity, turbulence energy dissipation,
turbulent kinetic energy, and any derived
parameter in terms of these variables.
The turbulent flow in the flocculator was
simulated with the Navier—Stokes equa-
tions and the standard k—¢ model. The
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vertical baffles were spaced using equa-
tions written in ANSY'S Fluent 16.1 soft-
ware (by use user defend function UDF)
created to test for different velocity gra-
dients: G and amount of mixing — G6.
The velocity gradient value for each cell
of the computational grid was calculated
using Equations 2 and 4 and simulate in
software by UDF. The clear water density
and viscosity were used while the dissi-
pation rate (¢) was obtained from solving
the k—e turbulence model. The top part of
the flocculation is open, so a symmetry
boundary conditions is employed. The
inlet boundary conditions are inlet ve-
locity 0.5 m's™!, with turbulent intensity
and hydraulic diameter 10% and 0.25
m respectively, and the outlet is set to
pressure outlet O Pa. Pressure outlet ap-
plies with second order upwind settings
for momentum, turbulent kinetic energy
and dissipation rate. Full-scale hydraulic
vertical flocculators at the EPWTP were
simulated. In order to reduce the number
of computational cells only the first five
channels were modeled (Fig. 7).

Results and discussion

To find the optimal design of the
vertical hydraulic flocculator, the energy
dissipation rate must be uniform at the
different ratios of the tank height to the
distance between baffle (FH/BS), and at
the different ratios of clearance height
to the distance between baffle (CH/BS).
Since the energy dissipation rate is the
basic parameter affecting the particle
collision, it is reasonable to assume that
the uniform profile of the energy dissipa-
tion rate will give the best performance
of the vertical hydraulic flocculator.

Figures 8 and 9 shows that the results
are not sensitive to the change in clear-
ance height. The contours of the turbu-
lent dissipation rate were compared to
clearance heights by 1BS m and 1.5BS
m. These results show that the active tur-
bulent dissipation rate zone is the same
for both reactors, about twice the length
of the baffle spacing. From Figures 8
and 9 we concluded that high clearance
must be no smaller than baffle spacing.

CH

FH

BS BS BS

BS

BS BS

FIGURE 7. Vertical hydraulic flocculator tank geometry
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FIGURE 8. The contours of the turbulent dissipation rate for clearance heights with 1BS
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FIGURE 9. The contours of the turbulent dissipation rate for clearance heights with 1.5BS

We would also like to begin our inves-
tigation into geometric space by having
more interference in the energy dissipa-
tion zone. Using these two impediments,
we come up with the initial FH/BS=17.5.
We believe that the rate of energy dis-
sipation is fairly uniform. Since this is
our starting geometry, there is no other
geometry to compare with. So this will
be the new incumbent (Fig. 10).

From the initial dimensions of the
flocculator in Figure 10, we see that there
is a large blue zone at the inner bend. By
minimizing the spacing of the fenders,

we hope to reduce the inert area. There-
fore, in Figure 11, we increase the ratios
of FH/BS = 11.25, but we did not notice
any significant change in the turbulent
dissipation rate. This is consistent with
the findings of most researchers (Casey
et al., 2017; Marques & Ferreira Filho,
2017).

In Figure 12a, the ratio change was
tested, where it was observed that the
ratio of FH/BS of 15, which provides
overlapping zone. Reducing the interfer-
ence of the tail of the energy dissipation
zone may lead to a more uniform distri-
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FIGURE 10. The contours of the rate of energy dissipation at FH/BS = 7.5

FIGURE 11. The contours of the rate of energy dissipation at FH/BS = 11.25

bution. In the Figure 12b, the ratio was
increased to 22.5, where it was observed
that these dimensions of the basin give
us this geometry rate of energy dissi-
pation more uniform than the previous
rate. This geometry configuration will be
the new incumbent. Since changing this
geometric space gives the desired result.
Results represented and analyzed using
CFD software included plots of water
contours of strain rate and contours of
turbulence dissipation rate.

The value of GO decreases with the
increase in the height of the floccula-
tion tank, indicating that the most effi-
cient flocculation occurs in the FH/BS
ratio of 22.5. Among the results is that
the hydraulic retention time of the wa-
ter in the flocculator is 20-25 min. The
optimal design was to use a single long
flocculator by dividing it into three chan-
nels. The results showed that the best
velocity gradient of water mixing in the
flocculation tank is 40 s~'. The vertical
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FIGURE 12. The contours of the rate of energy dissipation at FH/BS = 15 (a) and FH/BS =22.5 (b)

FIGURE 13. Three section arrangement of top and bottom baffles in vertical hydraulic flocculation

tank to be constructed consists of three
channels, each 0.70 m wide and 4.0 m
long, with baffles spacing of 10, 15, and
20 cm. There are 80 baffles and the tank
has a retention time of 20 min, and the
velocity varies from 0.2 m-s™! in the first
row to 0.06 m's™! in the third row. The
velocity gradient varies from 60 s~ in
the first row to 10 s™' in the third row
(Fig. 13). The results above correspond
to the results of previous studies such as
Schulz and Okun (1984), McConnachie
and Liu (2000), Haarhoff and Van Der
Walt (2001), Lawler and Nason (2004),

Casey et al. (2017), Marques and Filho
(2017).

Conclusions

Our aim was to experimentally de-
fine G and GO to design vertical hydrau-
lic flocculation basin and to improve the
effluent turbidity removal. Computa-
tional Fluid Dynamics (CFD) package,
ANSYS Fluent 16.1 software have been
used to hydraulic flocculators for Al-
-Eskan package water treatment plant
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(EPWTP). The design approaches can
be utilize to find the optimal geometry
for flocculation tank. The results of the
study indicate that the design of the ver-
tical hydraulic flocculation optimization
in terms of uniformity occurs when the
flocculation tank height to baffle spacing
ratio of 22.5, and the clearance height
to baffle spacing ratio of 1. Overall, the
design of the flocculation tank produced
reasonable results that matched the ex-
pected results of the hydraulic floccu-
lation tanks contained in the previous
studies.

References

Bridgeman, J., Jefferson, B. & Parson, S.A.
(2009). The Development and Application of
CFD Models For Water Treatment Floccula-
tors. Advances in Engineering Software, 41,
99-109.

Casey, G., Monroe, W.S. & Lion, L. (2017).
Revisiting Hydraulic Flocculator Design
for Use in Water Treatment Systems with
Fluidized Floc Beds. Environmental Engi-
neering Science, 34(2), 122-129. https://doi.
org/10.1089/ees.2016.0174

Crittenden, J.C., Trussel, R.R., Hand, D.W.,
Howe, K.J., Tchobanoglous, G. & Borchardt,
J.H. (2012). MWH's Water Treatment. Prin-
ciples and Design. Hoboken, NJ: John Wiley
and Sons.

Degreimont (1991). Water Treatment Handbook
6th ed. Paris: Degreimont.

Edzwald, J.K. (2013). Coagulation in Drinking
Water Treatment: Particles, Organics and
Coagulants. Water Science and Technology,
27(11), 21-35.

Haarhoft, J. & Van der Walt, J.J. (2001). Towards
Optimal Design Of Around the End Floccula-
tors. Journal WSTR — Aqua, 50(3), 149-159.

Lawler, D.F. & Nason, J.A. (2004). Integral water
treatment plant design: A new look. Abstracts
of Papers of the American Chemical Society,
228,U601.

Marques, R.D.O. & Ferreira Filho, S.S.F. (2017).
Flocculation Kinetics of Low-Turbidity Raw
Water and the Irreversible Floc Breakup
Process. Journal of Environmental Technol-
ogy, 38(7), 901-910. https://doi.org/10.1080
/09593330.2016.1236149

McConnachie H.L., Folkard, G.K., Mtwali M.A.,
& Sutherland, J.P. (1999). Field Trials Of
Appropriate Flocculation Processes. Water
Research, 33(6), 1425-1434.

McConnachie, G.L. & Liu, J. (2000). Design Of
Baffled Hydraulic Channels For Turbulence-
-Induced Flocculation. Water Research,
34(6), 1886-1896.

Ministry of Municipalities and Public Works of
the Iraq (2010). Report of General Directo-
rate of Water. Retrieved from: http:/www.
wikiraq.org/wiki/288/

Schulz, C.R. & Okun, D.A. (1984). Surface Water
Treatment For Communities in Developing
Countries. New York: Wiley-interscience &
London: ITDG Publishing.

Smet, J., & Wijk, C.V. (2002). Small Commu-

nity Water Supplies: Technology, People and

Partnership (Technical Paper Series 40).

Delft: IRC International Water and Sanita-

tion Centre. Retrieved from: https://www.

ircwash.org/sites/default/files/Smet-2002-

Small_TP40.pdf.

Environmental Protection Agency (1998).

Small System Compliance Technology List for

the Surface Water Treatment Rule And Total

Coliform Rule (EPA 815-R-98-001). Wash-

ington, DC. Retrieved from: http:/www.

epa.gov/OGWDW/ndwac/sum_sstttl.html.

us

Summary

Optimal design parameters for hy-
draulic vertical flocculation in the package
surface water treatment plant. After 2003,
hundreds projects were completed to provide
drinking water to rural areas in most gover-
norates in Iraq. These projects consist of the
package water treatment plant, which treats
surface water from the Tigris and Euphrates
rivers. All the package water treatment plant
contains a mechanical flocculators, which
suffers from continuous faults and needs pe-
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riodic maintenance and needs electric energy
to operate, which leads to an increase in the
cost of water production and lack of quality
of water produced. In this project, the pos-
sibility of changing the type of flocculators
from mechanic to hydraulic was tested for a
100 m>h! package water treatment plant in
the Al-Eskan water treatment project in the
south of Diwaniyah city in Iraq. There are
many challenges facing the design involving
findings ways to improve the efficiency of
the flocculation system. Computational Flu-
id Dynamics (CFD) package, ANSYS Fluent
16.1 software have been used to simulate
turbulent fluid flow in hydraulic flocculators
for Al-Eskan package water treatmen plants
(EPWTP). The flocculator simulations in
ANSYS Fluent are used to obtain turbulent
kinetic energy dissipation rate to determine
the distance between baffles, the quantity
of baffles, velocity gradient, residence time,
and flocculation performance. The results
obtained from ANSYS Fluent simulation

are used in designing a hydraulic flocculator,
so our finding can be utilized to validate the
hydraulic flocculator model. The results con-
firmed that the method used to design certain
parameters of the tank are fairly accurate.
Overall the design of the flocculation tank
produced reasonable results which match ex-
pected results of hydraulic flocculation tanks
found in literature. The results of the report
suggest that a height to baffle spacing ratio of
22.5 creates intersecting energy dissipation
regions that produce the greatest formation
of flocs per reactor volume.

Author’s address:

Ali Hadi Ghawi

University of Al-Qadisiyah

Collage of Engineering

Department of Road and Transport Engineering
58002 Diwaniyah

Iraq

e-mail: ali.ghawi@qu.edu.iq

Optimal design parameters for hydraulic vertical flocculation...

451




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


