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ABSTRACT

The aim of this study is to optimize the sedimgatetank with the application of CFD
(computational fluid dynamics). In this study, wavk used DPM i.e. discrete phase
model for simulations and we assume multiphased satid liquid. In multiphase
simulation, we consider the momentum exchange letweo phases. In this study, we
simulate various contours and particle tracking.bdgrangian approach instead of Euler
approach. Our focus is the difference in the resaftter applying a baffle wall in the
sedimentation tank. Although there is a wide ran§eimulations in CFD but for
simplicity, we assume the velocity inlet, partidiameter, dimensions of sedimentation
tank and location of baffle is constant. For furtievestigation we can vary these
parameters also but due to the limited power afraputer the simulations will be very
complicated but in the simplify manner we can optarthe sedimentation tank in an
easy way. Simulations are of two types 2D and 8Dhis study, we consider 3D flow,
which is more complicated and better than 2D. Thetess investigation available on
lagrangian approach or DPM with double-coupled rhbdéin our study, we use this

approach and compare the results with or withdadftie wall.



CHAPTER
INTRODUCTIN

1.1 Wastewater

Wastewater is contaminated water and generatedffeyemt sources. It can be surface
runoff or sewer inflow or sewer infiltration. Themtamination in wastewater depends
on the source from which wastewater generated. &Waser maybe domestic
wastewater or industrial wastewater from industiéastewater contains different type
of pollutants of different nature. Domestic wasteawanay produce by flush toilets,
kitchens, bathrooms, washing clothes etc. Flusbystem produces more wastewater.
Wastewater may be carry in a sewer line, whichyaamly sewage. It can be convey in
a combined sewer, which involve storm water andigtgal wastewater. Wastewater
treats in a wastewater treatment plant and tlaadevastewater or effluent is discharge
to a river or a lake. If wastewater dischargeght® environment without proper
treatment, it will cause severe water pollution.

Pollutants should be remove from the wastewateafgood environment and better
public health. After the use of water by humanstevdecomes contaminated and
its treatment is essential if untreated wastewdischarged then these pollutants
would adversely affect our environment. Contamidateater may be toxic also
adversely affect the aquatic life for example fists, foul odours. Waterborne
diseases can eliminated by suitable wastewatantesd. Some pollutants are toxic
in nature and they adversely affect the aquaté lif

1.2 Wastewater generation and treatment

It has estimated that approximately 48,254 millitne per day (MLD) of wastewater
IS generate in urban areas. Compare to populaticnrease, demand of freshwater for
all uses will become difficult.

Central Pollution Control Board (CPCB) studies shatat there are 816 sewage
treatment plants (STPs) in India having capacit23##77MLD,more than half of total
wastewater cannot be treat and that untreated sewagse’s water pollution and
adversely affect the ecology. There are a largebaugnof treatment plants, which are
not working properly. The development process ididns increasing and the rural
population, which is lacking of basic infrastru@uracility, will have to be give
equality in terms of water supply and sanitation.

10
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Figl.1 flow chaftwaste water treatment plant

(a) Preliminary treatment

The purpose of preliminary treatment is to rembgavy and bulky materials, these
can easily remove by some physical actions likeesting and grit chamber.

(b) Primary treatment
In this stage particles removes by the applicabiosedimentation.

(c) Secondary treatment

In the stage we remove, dissolved solids by thmmcif biological actions in the
presence of oxygen .we can remove biodegradable cafididal particles also
.Secondary treatment has done after the primaatni@nt. In this stage by the
application of biological actions, we stabilize thiedegradable matter. In this process,
bacteria use the dissolved solid as food and coitvato biomass.

Preliminary treatment includes the following steps

1.Screening

2.Comminution and Maceration
3.Grit chamber

4.Detritus tank

5.Skimming tank
6.Pre-Aeration

11



1. Screening

The major function of screen in WWTP is to retdie toarser particles.Generally, a
screen made of uniform openings. Mainly it usedustain the coarser particles(pieces
of wood, plastics, rags, papers, leaves, root} feten the wastewater.

2. Macerators:
These are uses for grinding.

3. Grit chamber

It is a physical process or Unit operation sim#ar screening. In grit chamber, we
remove inorganic solids or grits. Main objective @fit chamber is to remove grit,

containing of sand, gravel, or silty particle, @alry solid materials of higher densities
than the biodegradable particles in wastewater.

Grit chamber is similar to sedimentation tanks,iglesd mainly to remove heavier
inorganic particles from the wastewater. Grit charslare of two types with or without
aeration. The organic solids kept in suspensiothbyapplication of aeration system.

1.3 Sedimentation tank

Sedimentation tank is very important unit in wadad wastewater treatment plants. It
works on the principle of gravity. In sedimentati@mk if the velocity of flow is low
then particles having a tendency to move towardtobodue to gravity may settle
down. Therefore, a sludge layer forms in the bottoinsedimentation tank. The
efficiency of sedimentation tank depends on thivahg points.

* Dimensions of the tank

* Inlet velocity

* Flow rate

» Particle diameter

» Particle density etc.

Types of sedimentation tank
Sedimentation tank are of two types
1. Rectangular sedimentation tank

_r—x baftle v free surface

—>inlet o %@m

)
=

1

3 = effluent weir

) ]

[ o

L
Fig 1.2 Rectangular sedimtation tank with horizontal flow
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2.

Circular sedimentation tank

Chatlet

Scrapers

—— Effluent

outlet !
et

Fig 1.3 Cirailsedimentation tank

1.4 Types of settling

There are generally four kind of settling which wiscin a sedimentation tank

1.

1.

Discrete

2. Hindered
3.
4. Compression

Flocculent

Discrete settling

In this type of settling particles, maintain thieientity. It occurs in grit chamber. In
Discrete settling, particles settle independentigt andividually. Particle does not
affected by the settling of nearby particles. Galtgrin CFD simulation, we
assume discrete settling and this occurs primarilyastewater treatment plants.

——
——— e —
—_
—

P e

Fig 1.4 discrete settling
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2. Flocculent settling

In this type of settling, a particle is affectsthg settling of nearby particles. As shown
in figure floc forms and these flocs traps the otparticle while settle down. Floc
formation occurs so settling velocity is graduahgreases. It occurs in primary and
secondary sedimentation tank.

e D o

Fig. 1.5

3. Hindered settling

If concentration of solid is so high then a sluthignket may form, which settle down
as a unit mass. There is no relative movement leetvarticles. Therefore, particles
acts separately from the fluid. Sludge blanket nsad@wnward and traps the particle
due to this trapping. The sludge blanket becomevyheand settling velocity will
increase. It occurs in secondary sedimentationstank

H{

Fig 1.6

4. Compression settling
Compression settling occurs due to the compressidine particles. The upper layers
due to their weight continuously compress loweetay

K w8 = lemx



1.5 Settling velocity in discrete settling

Fig 1.8

The sedimentation of discrete particles has basetie Stokes law. According to this
law, the final velocity or the terminal velocity@fparticle is constant in a sedimentation
tank. It is achieve when the frictional force camthe force due to gravity. This
terminal velocity is reach very quickly in liqui@ihe terminal velocity given by

= TP — po)ra”
18n

Where
d = diameter of the particle (m)

Density of wastewater does not change signifigadtie to temperature change.
Therefore, we neglect this and standard value 01Ky/m3 has adopted. But the
variation of viscosity depends on the temperature.

The diameter is proportional to the square rootadbcity of particle so by increasing
the size of particle terminal velocity increasegngicantly .so with a higher size of
particles removal is so faster.

Different zones in a sedimentatimmk

P A
e SEDIMENTATION ZONE -
~Sa e 4
INLET | OUTLET
ZGNE SLUDGE ZONE ZONE
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Dimensions in the sedimentation zone
B- Breadth of sedimentation tank

L- Length of sedimentation

H-height of sedimentation

A- Plan area of sedimentation tank

Above figure shows the typical zones of an ideakt In sedimentation zone where
settling occurs theoretical consideration are &pbpli

There are some assumptions, which should be carisideheoretical analysis.

* The distribution of particles should be uniformimlet zone

* If a particle reach the sludge zone then it isstder as removed.

« If a particle reach the outlet zone then it ingider as not removed

* Detention time in sedimentation tank gives by

t=H/\V
As we know detention time = volume of tank/ disgjea

T= Volume/discharge

=HA/Q

16



SETTLING COLUMN HORIZONTAL; FLOW TANK

V. V'

Analysis of discrete settling

V=Q/A

If we know the discharge and the settling velositpf particle that can be obtained
from strokes law then we can calculate the requeswdace area A for removal of
particles having settling velocity V or greaterriha.

A=QIV

From the above equation, it can be note that:

* V can be calculate from experiments and also flitenature because it's a design
parameter

» The discrete particle removal can be influencemly the surface area.

1.6 Objectives

» TO develop a three dimensional CFD double phasgehtbat describes flow
pattern in sedimentation tanks.

» Evaluate hydraulic performance of the sedimentatamk, particle tracking,
velocity and pressure contours, streamlines andi&ity of tank in respect to
particle tracking.

» To systematically study hydraulic performance dfedent sedimentation
tanks, in addition to study the hydraulic efficignof different horizontal
sedimentation tanks.

» TO develop a three-dimensional multiphase flow etdbat describes density
current, sludge accumulation and particle separaticedimentation tanks.

» To compare the simulations of sedimentation tartk wi without a baffle wall.

17



CHAPTER 2
LITERATURE REVIEW

2.1 COMPUTATIONAL FLUID DYNAMICS

One of the earliest contributions of CFD could kréack to 1910, Richardson (1910)
introduced approximate arithmetical solution bytérdifferences of physical problems,
also application of this solution to stresses inmasonry dam in his paper, his
computational work use hand calculations with huntamputers. Although the
calculation extremely slow (only 2000 operations week), it still provide ideal for

numerical research, he thereby is regarded as @iafie€FD.

After World War 2, with development of semi-conducttechnology, computer
architecture and electronic engineering, computavgs was increased dramatically,
computer was employed to solve fluid problems goedroy Naiver-Stokes equations,
Francis H. Harlow and his group (Khalil 2012) deyedd a series of numerical methods
for unsteady, two dimensional problems. Some otstidne of CFD was developed
during this period (from early 1950s to late 1968sch as Marker and Cell methods
developed by Harlow and Welch (1965) in 1965, Fiaitell method proposed by
Gentry, Martin and Daly (1966) in 1966 and veloatseam function method provided
by Fromm (1963) in 1963.

Three-dimensional models began to appear in |04, vith launch of space program,
as well as stimulated by cold war, more fluid dymasolution is required, and CFD

appeared in development and manufacture of aeresgpat military equipment, such

as submarines, helicopters, aircraft and missiie1967, Hess and Smith (1967)
published the first paper about three-dimensiomablem; they proposed the Panel
Method, which is performance discretization acaogdo geometry of panels based on
requirement of aircraft manufacture. Lifting pawelde also described by engineers
from major aircraft company, such as Boeing, Dosiglad NASA.

In 1970s, report about Finite difference methoddNavier-Stokes equations and Finite
element methods for stress analysis appeared, lmoweute difference methods based
on structured mesh, suitable for problems withaegtilar and cubic sharp only, finite
element methods require more computer power. Teosate the limitation of finite
difference method and finite element method. Thé® Gffoup at Imperial College
proposed finite volume methods in 1970s. They laeda program which aim at solve
simple shear flows and jet flows, from 1970s to @98ome algorithm and models
which employed by nowadays commercial CFD softweas developed, such as the
SIMPLE (Semi-Implicit Method for Pressure Linked WE&dgions) algorithm, which
supply a straight forward solution of the Navierol&s Momentum Equations.
Additionally, the most popular turbulence modekr&tard ke turbulence model, also

18



proposed during this time, Launder and Spaldingelbgvthe Standard &+turbulence
model in 1974, this model could describe turbufeaw with high Reynolds numbers.
These achievement made fluid dynamic problemsideifar programming and solved
by computer, thus create features that differ

CFD with traditional fluid dynamics problems. Mango equations turbulent models
was developed in late 1970s, application of tunbceeflow transfer from simple shear
flow to flow with strong swirling, circulation andurbulent chemical reaction in
complex geometries. K-turbulence model validated in a series of appbcat with
and without swirl. Additionally, besides solve fiuilynamics problems, &turbulence
model also testify in turbulent reacting furnacefeguration with and without swirl.

CFD was encouraged to apply in a variety of indaistpplications in 1980s, in 1985,
CFD already commonly used in aero industries, attime, although assisted by more
advanced models, CFD still use simple structured gnd difficult to handle
unstructured boundary and wall conditions. Otheawdracks of CFD at that time
include slow convergence and numerical diffusiomsea by limited computer power,
as well as difficult to handle simulation with terdimensional complex geometries
(Anderson 1995).

In early 1980s, commercial CFD codes became availabmarket, more and more
CFD users began to choose commercial CFD softvadher than develop their own
CFD codes. Commercial CFD software based on assefigery complex non-linear
mathematical expressions. These expressions ddfeduasic governing equations of
fluid dynamics, such as continuity equation, Nax8éokes equation and energy
equation, as well as additional models availableommercial CFD software, such as
multi-phase models, turbulence models, speciessp@h model etc, assisted by
algorithms embedded in commercial CFD softwarese¢hequations are solved.
Commercial CFD software enable users define gegméttow field need to simulate,
identity physical and chemical condition of fluiddso specific initial and boundary
condition, with above condition as input, a coneergsolution as output with
information of the flow field is provide. Output ebmmercial CFD software can be
viewed graphically, such as contour plot, velogigtor, path-line, or numerically, such
as output data and x-y plot.

In 1990s, CFD spread from traditional aero indastto non-aero industries, more and
more applications of CFD appeared in a varietyndtistries. CFD is now regards as an
essential part of the Computer aided engineeridg=(Chave similar function as Finite
element analysis (FEA), CAE technology togethehwdbmputer aided design (CAD)
and Computer aided manufacture (CAF), could coreplechange traditional
industries.

CFD supply a “virtual wind tunnel” on engineer’'sséééop. Engineers could simulate
fluid flow, equipment performance and reactor hylica before really construction
work start, all they need is only a computer. CRD supply fully information of the
completely computational zone, with all conditiamsll controlled and almost without
any constrains, with appropriate conceptualizatiomodel geometry, mesh generation
and select proper solution method, as well as progefication and calibration, CFD
could supply acceptable accuracy. Nowadays, CFCbBasme an indispensable part
of industries, aerodynamics and hydrodynamics stian for airfare, car, train,
missile, ship and submarine has been popular, $h t&o0 decades, CFD also
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contribution in non-traditional field, such as ioat environment simulation and
pollutants transport. In water and wastewater igu&€FD also employed by some
institution while still infancy and need furthesearch.

2.2 Application of CFD in waste water

To avoid potential failures and obtain fully undarsling about hydraulic mechanism
in particle separation processes such as floconlatr sedimentation, CFD could
supply new solutions. Originated from aerospacenaaging in late 1960s, CFD has
employed by engineers from variable fields, inciidbemical engineering, hydraulic
engineering and civil engineering (Anderson 1995).

With the development of computer science, nowageysonal computer is getting
greater and greater computational power, CFD is ordy limited in academic
environment or specialized consultant company,nttse and more popular in water
and wastewater treatment research, technically, SFEpplicable for every water and
wastewater treatment processes. This section agiwve briefly introduction of CFD
in varies water and wastewater treatment resesmdigdes sedimentation, flocculation,
flotation, biological treatment, disinfection anddge treatment.

2.3 Application of CFD in sedimentation tank

As one pioneer in numerical simulation of sedimgotatank, Larsen (1977) applied
CFD simulation to several sedimentation tanks. hédigh with simplification and
conceptualization, he still shown several majorraytic phenomena of sedimentation
tank, such as “density waterfall. Due to heavieidflsink into bottom of sedimentation
tank soon after entering, bottom current and serfaturn current. Nowadays, thanks
to effort of computer engineers, mathematiciansfand dynamics scientists, several
more advanced models has been developed and dgailalommercial CFD software,
based on these models and today’s high performaomeuter, we could run advanced
simulation which far beyond than 1970’s.

Goula et al (2008) researched influence of baffls@dimentation tank in potable water
treatment by using CFD; a circulation zone is datethe original tank without baffle.
After equipped baffle, the recirculation zone ambumlet in original tank decreased, the
baffle enhanced setting of particles. Due to eftédiaffle, particles around inlet move
downwards and reach the bottom of the tank.

Density current, or turbidity current, means wheo fluids with different density due
to temperature, concentration or salinity confreath other, fluid with higher density
sinks and flow along the bottom of fluid with sneailtlensity, Goula et al (2008) studied
the influence of temperature variation on densiiyrent in sedimentation tank. He
found temperature difference between incoming fand fluid in tank could leads to
density current. Under density current phenomeaaising buoyant plume appears in
the tank, and changes the direction of the magular current.

Shahrokhi et al (2012) studied effect of bafflessedimentation tanks, result show that
baffle at optimum location could reduce the cirtiola zone, kinetic energy and
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maximum velocity magnitude; uniform velocity vecioside the settling zone from
CFD simulation result could indicate better seditagan effect.

In present time, we are facing water shortage affhanore than seventy percentage
area of earth contains water. The reason behiadgkiurtage is that most of the available
water is salty or marine water so it need a proatment for make it usable that is so
expensive .on the other hand 33% of fresh watesable water is in the form of ice so
that also cannot be used approximately 98% watalig. So approximately 2.5 billion
people that is 33% of total population is not ablget clean and fresh water and this
figure will abruptly increase with time. The solutiof this problem is to treat the water
properly and use it efficiently .water treatmentns an easy process it consists of
several stages like mechanical processes and thelogibal processes also
sedimentation and filtration then disinfection sisia complicated process and ca done
in many stages. The simplest process in wastewadatment is sedimentation
.sedimentation remove the particles that is whyse sedimentation after flocculation
and coagulation also so we can remove that pastwhech formed during flocculation
and coagulation. By the application of sedimentgtiwe can remove up to 40% BOD,
suspended solids significantly, in this procesedigated particles settled down due to
gravity, and water can be carry out by outlet. (Radya and Markandey1998). By the
use of empirical formulas instead of practical gigance in design of sedimentation
tank, we are not using the proper hydrodynamicesystSome factors that affects the
efficiency and working of sedimentation tank likeface loading rate, size of particles
temperature, inlet and outlet conditions, dimensioh sedimentation tank etc. For
effective design and operation, we have to consatlehe parameters that affects the
efficiency of sedimentation tank in designing. daditional sedimentation tank, we can
see only external features so it is call as a btexk we cannot see the internal features.
(Metcalf, 2002). From the last decades CFD simomastarts to overcome from the
problem of black box and also overcome from expengime consuming and difficult
experiments .In CFD simulation the chances of fails negligible because we do all
simulation before designing the tank. (Andersorg5)9

Our purpose is to know the benefits and applicatio@FD in wastewater treatment so
we can improve efficiency and optimize our plantedfically in the field of
sedimentation tank. (Shilton, Glynn et al. 2010FDCis a powerful tool and its
application is widely used in different kinds otlirstries. .

In water treatment plants sedimentation is verydrtgnt and common unit. The use of
sedimentation is to remove the particles by th@oacof gravity; a major part of
suspended solids is remove.

The efficiency of sedimentation tank depends on phdicle settling so it is an
important parameter in designing of sedimentatamikt So our purpose in this study to
optimize the settling of particles.

Sedimentation is a very common unit in wastewaatinent so many research studies
and papers has published on sedimentation tankehdirst used the applications of
CFD in secondary clarifiers. Shamber and Larodkezbthe Navier-Strokes equation,
the k—e turbulence model equations by using fvaleme method and done modelling
of secondary clarifier by using transport equafimnsettling of particles.. Zhou et al.
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Stimulate the clarifier model and considered thatra density and hot water by
interrelating energy equation with navier strokeatepn.

Imam et al. considered a constant settling velaaftyarticles in a sedimentation tank
that is simply the average of settling velocitiéslifferent sizes of particles. Stamou et
al. Also have done work on primary sedimentatamktbut he used a 2D model, he
simply analysed and stimulate some equations liementum equation and also used
equation of concentrations of particles. Adams Bodi also done work on the same
model but their field of work is different, they viestigate the effect of inlet
arrangements although it is an important paranatdrinstead of a normal flow, they
have done their work on flow through curves. Lyrakt Investigate the flocculation
process and taken six different sizes and velacifiis paper gave us some important
results and very important in wastewater treatment.

Goula et al. In addition, done almost same reseaut his work area is potable water
instead of wastewater, his model deals with sediatiem tank for potable water and
he investigated the effect of baffles and depenelemt temperature at inlet. The
drawback of his study is he did not consider theraction between the solid phase and
liquid phase, as we know that interaction affelstswhole study. Wang et al. done his
work on rectangular sedimentation tank. He simdl#te concentration of particles and
flow pattern.

Sedimentation is very common and important proaadst is use in industries. Kahane
et al. have done work in industries to reduce flerating costs. White et al. Also done
his work on the flow behaviour of fluid. For impiiag the operations in thickener,
flocculation studies have done by the Farrow et al.

Righetti and Romano , Sbrizzai et al. , Hetsrdui et al. , Reeks , these researchers
have investigated the interaction between solidlapad phase but their investigation
in not useful for us because their investigation wifferent filed ,they were not analyse
the sedimentation tank. Although on settling tdmde¢ are many researchers done their
work, on settling and removal of particles. Fotgide water, the application of CFD
models are not used much and in this field, thekwoorCFD is limited. The interaction
between the solid and liquid phase and changdseivélocity due to that interaction
and momentum change has firstly investigated byaRbarpagkou in his research
paper.

2.4 Some important concepts in CFD software
Simple algorithm
After discretization, a series of algebraic equatioeed to be solve simultaneously in

every control volumes, SIMPLE (Semi-Implicit Methfoat Pressure Linked Equations)
algorithm is the most popular CFD solution procedlir developed by Patankar and
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Spalding (1972) in 1972. For a three-dimensionablam, four equations need to be
solve, includes Navier-Stokes equation in threedations and one continuity equation.
There are four unknown values in the four governeguations: three velocity
components in the Navier-Stokes equation at thireettbns and the pressure. Pressure
term is the most time consuming and complex st€pRD solution procedure, because
the pressure does not have its own explicit equasipecial techniques have devised to
extract the pressure term. Currently SIMPLE algoniis the best-known technique for
solving the pressure term. In order to implemert 8IMPLE algorithm, firstly, a
guessed pressure field is use to solve the Nato&es equations, based on the guessed
pressure field, a new velocity can be computedvewer, the velocity calculated by the
guessed field will not satisfy the continuity eqaat so the velocity correction value
can be confirmed, based on the velocity correct@ne, pressure correction also can
be determined, the pressure correction then addie toriginal guessed pressure field,
at last, the pressure field updated and remainimgnawns is solved, one iteration is
completed. Then in the next iteration above albarihas repeated.

Residuals

Residuals are the differences in the value betwenterations. As we can see from
the SIMPLE algorithm, initially, the solution of Mier-stokes equations based on a
guessed pressure field, in each steps, the solofigoverning equations based on
inexact solution from the previous iteration, thghuepeated iterations, the solution of
governing equations refined. Residuals depend ftloenmodels and initialization,
because residuals related to mathematical conveegeso that during calculating
process, residuals should be monitor in order &duate the convergence behaviour.

Convergence criteria

During iterative solution of governing equation$iem the residuals decrease to pre-set
level, the solution is regard as converged, thésgat condition for the residuals known
as the convergence criteria. The default convemernteria in Fluent is 10-4, we use
this default value as convergence criteria in stusly.

Under relaxation

With the governing equations solved iterativelygach step, the initial value used in
current step based on the information from previtaration, during this process, small
difference added to the old values of variablehm previous iteration, generate a new
value. When several coupled equations are, solag; a fraction of computed
difference is use rather than use the full compuliéédrence, this process known as
under relaxation. the under relaxation factors akti how much fraction of the
computed difference is used, the under relaxatiotofs varies from 0.1 to 1.0, through
adjust under relaxation factors, the convergenbavieur of governing equations can
be controlled, in general, lower under relaxati@ctdr give stable but slower
convergence process.
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CHAPTER 3
METHODOLOGY

3.1 Mathematical model

By using Euler—Euler or an Euler-Lagrange appreeehban analyse the hydrodynamic
behaviour of a sedimentation tank, from the abgyar@aches we can easily analyse
the multiphase behaviour in a sedimentation tankerftan applications are widely used
in the analysis of sedimentation tank but the mdjawback of this approach is it does
not consider the individual particle motion asdagrangian approach. Due to wide range
of applications, lagrangian approach is majorly usemultiphase problems. In
Lagrangian approach every individual particle issider so it gives a realistic and a
well-defined model by the use of this approach came simulate the flow behaviour in
multiphase and a realistic way. In multiphase aggpngarticle or solid phase is treated
in the lagrangian way and fluid is always treated c@ntinuum phase. In this
phase(multiphase) coupling effect may be considghee to coupling effect the model
will become more difficult but the results are mogalistic.in these types of models we
assume that the volume of solid phase is muchtlhessthe volume of primary phase
or liquid phase although high loading rate is abdw According to De Clercq et al.,
we cannot apply the lagrangian approach if themelwf secondary phase is high that
means that we can apply that approach if volumseobndary phase does not exceeds
10-12%. As mentioned earlier in this approach gmtigde motion and their paths are
individually consider at different intervals of t&n

RNG k-g model

Equation of kinetic energy

d(pk) , d(pky) _ 9 {& ok

+2UE E -
ot 0x ox; | 0, axj 55 ~pe

Equation of dissipation

2

€ €
} +C, K 24 BBy - Czep?

0(pc) , 0(peu) _ 0 | f4 Oc.
ot 0x 0x; | 0. 0X
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3.2 Governing equations

By the application of integration on the equatidrfayce, balance of discrete phase
trajectory our model works that is lagrangian appto In this equation, we balance all
the forces acting on the particle like inertia farc

mp (dw, /dt )= my Fp (u-up) + my (Du/Dt) +1/2 m (Du/Dt- dy,/dt) +( mp- my)g +1/2 (i1

P o)

CL Lv2

Where:
Fo =18y GRe/ (240, d?
dpis diameter of particle

Fluid phase: By the application of navier stroke equation, flplase is consider as
continuum. The following equation accounts the monservation of mass and non-
conservation of energy and incompressibility also.

oui/ ax; =0
Uj; dUi/ dx; =-1/p dpl/ dxi +al ax; (v(AUil ax;+dUil axi )- u'y’

Turbulence. The RNG k—e turbulence model is shotliérfollowing equation

0l0Xi (o Kui)= 0/0Xj(ak Mett OKIOX]) + Gt G- p €

813X (0 £U)= A1OX(Beplefr DelOX;) + CroelK(Gi+CacGr)-Cas 0 £2/K-R;

Momentum exchange As mentioned above in lagrangian approach wemnggphase
or discrete phase with or without coupled effectsvie are considering coupling effect
also. momentum exchange in multiphase is betweeptimary and secondary phase
that are liquid and solid phase .we will consider momentum transfer from primary
to secondary and vice versa . In single-phase siounls, we does not consider the
momentum exchange between the two phases. Mule@iasilations gives better and
realistic results than the single phase

This momentum change is compute as:

F=)_ (18uCRe (4u)/ (0 pth?24) +ote) MpAL
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3.3 Geometry and meshing

Fig 3.1 Geometry of sedintation tank without baffle

Geometry details

depth

length

width

Inlet channel

Outlet channel

8

6

.25*.2

.25*.2

In the above figure inlet has shown in yellow cojoautlet has shown in red colour,
walls are in green colour, and bottom wall is ieygcolour. The noticeable point is, it
seems an open tank but in actual case, it is cdvérke purpose of showing it
uncovered is to show its inner features that caseleeeasily in the above figure.

26



Fig 3.2 Geometry of sedimetitan tank with baffle wall

All the dimensions are similar as shown in sediragom tank without baffle instead of
a baffle provided on mid plane across the lengtwshin figure by blue colour.

Fig 3.3 Meshing of setntation tank without baffle wall
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Fy4 Meshing at inlet

Fig 3.5 Meshing of sedintation tank with a baffle wall
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baffle

Meshing details cells nodes faces
Geometry without | 554836 199592 1272520
baffle

Geometry  with | 1921912 337036 2122784

3.4 Mesh independent study

The aim of this study is to show that the resulthhe CFD simulation will not change
with our meshing if we have done the meshing p#sfetn our actual, meshing or
selected meshing there are 554836 cells but irfioer mesh, there are 322546 cells
only. So as shown in the below graph the resulisvet change with different meshing
so our study is mesh independent. It is noticetllalethe graph is plot between average
velocity on mid plane Vs the distances along xsaxithe length of the sedimentation

tank.

0.07
0.06
0.05
0.04
0.03
0.02
0.01

velocity magnitude (m/s)

Grid dependency study

2

x- distance in flow direction in (m)

3

selected mesh

4

finer mesh

fig 3.6 Graph of grid dependency
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CHAPRA
RESULTS AND DISCUSSIGH

4.1 Model validation

For validate the model we make a mid-plan alongehgth of the sedimentation tank
and by simulation we calculate the velocity maghétat different locations like x= 1,
2,3,4,5,6 and then draw the results on tla@lgand compare that results with
numerical of Kantoush et al (CCHERMWe can see in the following graph that results
are matching.

pressure outlet

middle plane

lines

velocity inlet -
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0.12
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o
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x- distance in flow direction (m)

fluent CCHE2D

Fig 4.1 MODEL VALIDATION GRAPH

4.2 Comparison between velocity contours

This study can easily compare the simulations ddoiyy contours of sedimentation
tanks with or without baffle wall. As shown in beldigures the colourful scale in the
left of the figure shows the velocity magnitude dnydthe help of this scale, we can
easily see the variation of velocity in the two fjes. It is noticeable that we are
considering the middle plane along the length kthalresults that are show below are
on the middle plane.

It is easily shown in the below figures that in taek with baffle ,after the baffle the
profile is changed and velocity is decreased thalig more sedimentation takes place
in case of a sedimentation tank with baffles.
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Fig 4.2 Veity contour without a baffle wall

1.82e-01
1.73e-01
1.64e-01
1.54e-01
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1
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45e-01
.36e-01
27e-01
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2.73e-02
1.82e-02
9.09e-03
0.00e+00

Fig 4.3 Velocitpntour with a baffle wall
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4.3 Comparison between pressure contours

Although there is a wide application of these puesgontours in designing of the walls
of a sedimentation tank. However, we focus on trmagarative study or the change in
pressure contour by the application of a bafflethd location of baffle, pressure is
higher than the other locations. It is due to titeulence created at the baffle .

2.10e+01
1.98e+01
1.86e+01
1.75e+01
1.63e+01
151e+01
1.40e+01
1.28e+01
1.16e+01
1.06e+01
9.31e+00.
8.15e+00 |
6.98e+00
5.826+00
4.66e+00
3.49e+00
2.33e+00
1.16e+00
0.00e+00

Fig 4.4 Pressurentour of sedimentation tank with baffle
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55e+01
47e+01
.39e+01
30e+01
.22e+01
A14e+01
1.06e+01
9.78e+00
8.97e+00
8.15e+00
7.34e+00
6.52e+00
5.71e+00
4 .89e+00
4.08e+00
3.26e+00
2.45e+00
1.63e+00
8.15e-01

fig 4.5 Pressure cont of sedimentation tank without baffle
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4.4 Path lines

Path lines are the trajectories of flow of fluidn& can consider individual elements in
the fluid. As shown in the below figure it is clgeshown that in the case of baffle wall

higher turbulence will generate due to loss of gpeccurs and velocity diminishes by

a considerable amount so less velocity leads thenigedimentation and higher

efficiency. Without baffle fluid moves in a definedanner but in case of baffle, the
randomness will increase and path lines becomeested that means a particle affect
the motion of others.
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pathlines-1
Yelocity Magnitude

[mis ]
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1.12e-01
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3.44e-02
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1.72e-02
8.61e-03
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Eu/athlines-1
elocity Magnitude

[mis]
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1.64e-01
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1.36e-01
1.27e-01
1.18e-01
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9.99e-02
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3.63e-02
2.73e-02
1.82e-02
9.09e-03
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Fig 4.6 Path lines without biéé wall

Fig 4.7 Path lim&vith a baffle wall
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4.5 Particle tracking

Our main objective of sedimentation tank is to reexmaximum suspended particles
or sediments. In the below figures it is clearlgearstood that by the use of a baffle wall
we can increase the efficiency of a sedimentatoik.tBy the use of a baffle, velocity
will decrease significantly and residence time aftigles will increase consequently
more sedimentation takes place. The results oflations of particle tracking are such
that if we inject 246 particles from inlet in a gadntation tank. Without baffle wall
only 91 particles are trapped and the remainiegeacaped but in case of sedimentation
tank with baffle wall 216 particles are trappednfr@46 and remaining are escaped
therefore by the use of a baffle we can increasetficiency of the particles tracking .
We can also check the efficiency of the sedimemratank with varying the velocity
inlet, particle diameter, or by the changing, tieehsions of the sedimentation tank.
Therefore, by the use of CFD analysis we can opgntihe sedimentation tank. The
efficiency is 37% of the sedimentation tank withautaffle wall and with baffle wall,
efficiency will increase to 85.37%.

particle-tracks-1
Particle Residence Time

4.276+03
4 0Be+03
3.840+03
3.630+03
B 3420403
3.200+03
2 99e+03
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| 1.926+03
1.716+03
1 496+03
1.28¢+03
1.076+03
8.54e+02
6.410+02
4276402
2 14e+02
0.00e+00 s ]

Fig 4.&rAcle tracking with baffle wall
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fig 4.9 Particle tracking with baffle wall and vebcity magnitude
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Fig 4.10 Particle tracking with velocity magnitudewithout a baffle wall
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Fig 4.11 Particle tracking with residencéme without a baffle wall

4.6 Streamlines

Streamline show the direction of flow of fluid. dase of sedimentation tank with baffle
wall the flow of fluid has interrupted. Due to thisturbance, turbulence will generate
subsequently velocity of fluid decrease. As we kns&dimentation is inversely
proportional to the velocity, therefore, partialadking will rise and efficiency of tank
would increase.
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Fig 4.12 streamlines of a sedimentation tank witha baffle wall

4.7 Particle tracking with varying diameter

paricle tracking with increasing diameter
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Fig 4.13
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As shown in the graph with the increase in particdgneter sedimentation will increase.
In the above graph diameter of particles has shamwgr-axis and their dimensions are
in 10° m. sedimentation or particle trapping will increasith size due to the effect of
gravity. In addition, no. of particles has shownysaxis.

4.8 Efficiency of tank with varying particle diameter

This graph shows the efficiency with increasing the diameter of the particle. The total injected
particles are 246 at inlet . It is very clear that efficiency will increase with diameter and it will
go up to 100% if we further increase the diameter of the particle.
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Fig 4.14 Efficiency ank with varying diameter
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4.9 Graph between particle injected and trapped
This graph shows the trapped particles if injected particles are varying. In the below graph
two graphs are showing, in which the graph of baffle shows more trapping. However, the
graph is not linear and in case of baffle wall the trapped particles will increase with the
injected particles. It can be note down by the slopes between two points.in case of the tank
without baffle the trapping will almost linear because in the case of baffle turbulence will
create and a particle will affect the movement of other particle so particle trapping will
increase.
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0 50 100 150 200 250 300
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——

Fig 4.15
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CHAPTER
CONCLUSION

In order to attain the aims stated above, a go@wvladge of sedimentation tank and
CFD required. CFD can easily applied in the optation of sedimentation tank.
Particle tracking in sedimentation tank can be eahifor different inlet velocities and
for different particle diameters. CFD is an easgl arexpensive tool for optimizing a
sedimentation tank. By the use of CFD, we can ea&sthulate the performance of
sedimentation tank.

Baffle can be installed easily and economicallyhaiit significant influence on the
operation. Single phase CFD simulation result shinasbaffle re-distribute incoming
wastewater on the whole cross-section, reducedcacir€urrent and re-circulation
regions. By displaying contour of velocity magniuénd velocity vectors, we found
baffle in suitable location and tilted bottom redsche circulation zone and kinetic
energy, create uniform velocity vector inside tleelimentation tank. Therefore, the
baffle and tilted bottom improved the hydraulia@éncy of the original sedimentation
tank.

In general, CFD provides new insight into the sesditation tank and design, CFD
supply useful information for further research atesign. CFD can model internal
changes (e.g. baffles, hopper shape and mixer) edlsas external changes (inlet
velocity, volume fraction and hydraulic load). $att CFD is a powerful tool that can
optimize both the operation and geometry of watel wastewater treatment devices.
The application of CFD is significant cost savingecause the effects of different
geometry models and operation conditions are exanim computer, without

implementation of any modification in the real wbrTThe application of CFD can be
employed as the first step in the process of optilgiwastewater treatment reactors.
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