ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 4 (58)

EKOJIOI'TA HA TPAHCIIOPTI

UDC 628.334.5:519.6

M. M. BILIAIEV!, V. A. KOZACHYNA?"

'Dep. «Hydraulics and Water Supply», Dnipropetrovsk National University of Railway Transport named
after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 09,
e-mail gidravlika2013@mail.ru, ORCID 0000-0002-1531-7882

TDep. «Hydraulics and Water Supply», Dnipropetrovsk National University of Railway Transport named
after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 09,
e-mail kozachynav@yandex.ua, ORCID 0000-0002-6894-5532

NUMERICAL DETERMINATION OF HORIZONTAL
SETTLERS PERFORMANCE

Purpose. Horizontal settlers are one of the most important elements in the technological scheme of water purifi-
cation. Their use is associated with the possibility to pass a sufficiently large volume of water. The important task at
the stage of their designing is evaluating of their effectiveness. Calculation of the efficiency of the settler can be
made by mathematical modeling. Empirical, analytical models and techniques that are currently used to solve the
problem, do not allow to take into account the shape of the sump and various design features that significantly af-
fects the loyalty to a decision on the choice of the size of the settling tank and its design features. The use of analyti-
cal models is limited only to one-dimensional solutions, does not allow accounting for nonuniform velocity field of
the flow in the settler. The use of advanced turbulence models for the calculation of the hydrodynamics in the settler
complex forms now requires very powerful computers. In addition, the calculation of one variant of the settler may
last for dozens of hours. The aim of the paper is to build a numerical model to evaluate the effectiveness of horizon-
tal settling tank modified design. Methodology. Numerical models are based on: 1) equation of potential flow;
2) equation of inviscid fluid vortex flow; 3) equation of viscous fluid dynamics; 4) mass transfer equation. For nu-
merical simulation the finite difference schemes are used. The numerical calculation is carried out on a rectangular
grid. For the formation of the computational domain markers are used. Findings. The models allow calculating the
clarification process in the settler with different form and different configuration of baffles. Originality. A new ap-
proach to investigate the mass transfer process in horizontal settler was proposed. This approach is based on the de-
veloped CFD models. Three fluid dynamics models were used for the numerical investigation of flows and waste
waters purification. Practical value. The developed models have more capacity than the existing models in Ukraine.
The developed models allow calculating quickly the efficiency of water purification in settlers. The models are not
computationally expensive. Calculation time of one variant of the problem takes few seconds.

Keywords: CFD model; settlers; mass transfer; water purification

of settlers would directly or indirectly affect the
Introduction rest of water treatment process. The design of set-
tlers with the high deposition rate is critical and
has been the subject of many theoretical, experi-
mental and numerical investigations [1, 6, 10, 11,
12, 13, 14].
Nowadays to receive more effective work of
the horizontal settlers with comprehensive geomet-

It’s known, that sedimentation by gravity is one
of the most common approaches for the removal of
suspended solid particles from water in water
treatment plants. This physical process is used in
settlers. The engineers know that the performance
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rical forms, different kinds of baffles and plates are
proposed by designers. According to this the real
lack of methods to calculate the efficiency of these
settlers is an obvious problem.

To calculate the efficiency of horizontal settlers
the empirical models are widely used in Ukraine
[3, 15]. These models do not take into account the
geometrical form of the horizontal settlers and the
peculiarities of the sedimentation process. There-
fore, it is important to develop CFD models having
more capabilities to simulate the process of the
waste waters treatment in settlers and which do not
need much computational time for running and
allow taking into account the geometrical form of
settlers [1, 10, 9, 16].

Purpose

The objective of this paper is the development
of the effective computer models (CFD models)
which are more effective than the employed in
Ukraine models and which can be used for predic-
tion of the horizontal settler efficiency.

Methodology

Mass transfer model. To simulate the process
of water purification in the horizontal settler the
transport equation (1) is used [1, 7, 10]:

oC ouC o(v—-w)C
—+ + +
ot Ox oy

0 ocC) 0 oC
=—(u —J+—[u —j (1)
ox\'Xox) oy\' YV oy
where C is the concentration; u, v are the velocity
components in X, y direction respectively; w — is
the settling velocity; ¢ — is the parameter taking
into account the process of flocculation and decay;
Uy u, are the coefficients of turbulent diffusion in
x, y direction respectively; x; , y; are the Cartesian
coordinates;
The transport equation is used with the follow-
ing boundary conditions [1, 5, 8, 10]:
— inlet boundary: , where C 5 is the known

oC=

concentration (in the case study of this paper it is

dimensionless and equal to C E= 100);

— outlet boundary: in numerical model the
condition C(i + l,j) = C(i,j) is
C(i+1,) is the concentration at the outlet boundary

used. Here,

cell (this boundary condition means that we ne-
glect the process of diffusion at this plane).

C (i, Jj ) is the concentration in the previous cell.

Initial Condition:

C=0, for =0 [13].

Fluid Dynamic Models. To simulate the flow in
the horizontal settler three fluid dynamic models
were used.

The governing equations of the first model are

1) Poisson equation for flow function [4, 8]:

o’y 0
Sk S )
ox” 0y

2) Equation of the vorticity transfer [4, 8]:

8_0)+6uc0+6v0320 3)
ot 0Ox Oy

ov Ou . ..
where ®=——— is vorticity.
ox Oy
The components of the water flow velocity in-
side the settler are determined as follows:

WV oy

S oox’ oy

The initial and boundary conditions for these
equations are shown in [4].
The governing equation of the second model is
[1, 4,6, 8]:
2 2
a—f + 6_1; =0, 4
ox~ Oy
where P is the potential of flow. The boundary
conditions for this equation are discussed in [4, 8].
The components of flow velocity inside the set-
tler are calculated as follows [5]

OP OP
- V=

Uu=—, v=—
ox oy

The governing equations of the third model
(Navier — Stokes equations) are equation (5) and
equation (6).

Equation (5) is Poisson equation for flow func-
tion [11, 12]:

o’y 0
e (5)
ox” 0y
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Equation (6) describes vorticity transfer in fluid
[8, 12]:

oo ouo o 1 [dfe o
—t—t—=—| —+— (6)
ot ox oy Re(@xz o’ )

where Re = Kt is Reynolds number.
\Y
Boundary and initial conditions of this fluid
dynamic model are discussed in [8].
Flocculation modeling.
To model the process of flocculation the fol-
lowing equation is used [12, 13]
d—czKB .C-G*-K,-C-C,-G,
dt
where C is concentration of primary (large) parti-
cles; C,; —initial concentration; K, — experimentally
determined coefficient for floc aggregation; Kz —
experimentally determined coefficient for floc
break up; G —mean velocity gradient.
Computation of settling velocity.
To compute the settling velocity the following
model is used [12, 14]

w= WO (e_Kl (c=Cmin) _ e_Kz(C—Cmm))
where K, K, are experimental constants [5, 12].

Numerical solver.

Numerical integration of governing equations is
carried out using rectangular grid. The geometrical
form of the horizontal settler in the numerical
model is created using porosity technique (markers
method) [1, 8].

To solve the equation of potential flow (4) Sa-
marskii A. A. implicit difference scheme is used
[8]. At the first step Laplace equation (4) is written
in the following form

oP_o’P o°P
==t (7)
on ox° oy
where m is the ghost time.

At the second step the time splitting procedure
for equation (7) is used [8]

_Pintl-l/Z +Pinji-_ll/2
i ®)

+
Ay2

n+l n+1/2 n+l n+l
E,j _Pi,j _E+1,j_3,j n
0,5An Ax?
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+— + +

Ax? Ay?
n+1/2 n+1/2
BB
LB )
Ay

Components of the velocity are calculated us-
ing expressions (10):

B,(/ Y E,j Pi,j—l

. (10

ij Ax /) Ay

To start the numerical integration of equation
(7) it is necessary to set the initial condition in the
form P=P, (for example P,=0).

To solve equation of the vorticity transfer (3)
the two steps difference scheme is used [8]:

— at the first step of splitting the difference
equation is

n+% n + n+% 4 n+%
©; ;7 +0; ; . Ui, ;0 ;7 —U; ;005 N

At Ax

— at the second step of splitting the differ-
ence equation is

n+l n+l - n+l - _n+l
. =, u. .o . —=u .o,

i, i, i+1, i+1, i, i,

J J + J J J J +

At Ax
- n+l - n+l
Vi Qijet TV P
Ay

The unknown meaning of vorticity is obtained
from these expressions using the explicit formulae
of «running calculationy.

To solve Poisson equation (2) the following
difference scheme of splitting is used [8]:

— at the first step of splitting the difference
equation is

n% P
Yy “Vi Vi,
At 27
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— at the second step of splitting the differ-
ence equation is

1
n+5
“Viio

b

1

n+5
Vi,

Ay2

1 1
_ Vit TV

sz

n+% )
Vi~ —Vij
At

— at the third step of splitting the difference
equation is
3 3 3 3
n+— VH‘Z I’H‘Z VH‘Z
_ Vi mVe o Vi Vi
Ax? Ay2

1
n+5
— Vi
At

3
n+=

4
Vi

—  at the last step the difference equation is

n+l

n+Z
Vi —Vy

At B

@
2
where

1
@, j :Z(‘Di, J O 101, jo1 + 0 1)

Velocity components are calculated using the
following expressions

WVijn Vi,

Ay LT

Vin, —Viy

Ax

Ujj

To solve equation (6) the change triangle dif-
ference scheme is used [8]. First of all velocity
components are written in the following form

u:u++u_=u+|u| —|u|
2 b
v:v++v‘:v+|v| mld (11)
2 2

After that the convective derivatives are ap-
proximated using the following expressions:

outw

Ox ~A+ (z+1] 11] /Ax
ou" _ _

Ox ~ Axa) = (ui+1,ja)i+l,] I/I a)l ] /AX
ovim

ay ~ A+ ( 1]+la) wi,j—l )/Ay >

ov w _ _
oy ~Ayo= (Vi,j+1a)i,j+1 —Vi,j®ij )/Ay .
The second order derivatives are written as fol-
lowing:
o’w + _
ax_z ~ Lxxa) - Lxxa) =
2 2
o’w + _
8y_2 *Lyo-Lyo=
2 2
= (a’i,j—l —;; )/Ay + (a’i,j+1 — @ ; )/Ay ,

The difference approximation of the equation

(6) can be written as follows
n+l

;' a)l]+
At
+(A;+A;+A;+A;)(a)”“§+(1—§)w")=
—Rle(L L+ Ly + Ly ) x
x(a)"+l§+(l—§)a)")
or

(E+A)(AL +A; + A} +A; o™ -

——cf( + L, +L,+L, ) =

:(E—At(l—é‘)(/\;+A;+A;+A;))a)" +

Re(l 5)( + L +L, +L, )

where & is parameter

If £=1/2 we have the difference scheme
which has the second order of accuracy in time.

The change triangle difference scheme for equ-
ation of vorticity transfer is written as follows

(E—%(A +AS )

ARte (L;x Ly )j "
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(E +%(A; +A, ) —ZA—Rte(L;x +L, )) "™ =
:(E—%(A; AL (L +L;y)ja)n+;.

Using these expressions the unknown meaning
of vorticity is computed using «running calcula-
tion» [8].

To solve the mass conservation equation (1)
the implicit difference scheme of splitting is used
[1, 8]. At first step the physical splitting of equa-
tion (1) is carried out:

Oc Ouc oO(v—w)c

—+ + +oc=0
ot 0Ox ox

dc_of ac), of,
or ox\"ox) ap\ " oy

At the second step the following approximation
of the first order derivatives are used [5]:

n+l1 n
~Cij _Cij

o M
ouC _ou'C Lo C
Ox Ox ox
ovC _ov'C Lo C
&y vy
n+l_ n+l
6u+C 1+1]C C -1,/ _tentl
ox Ax X ’
_ - 1 - 1
ou C ”i+1,jcirf++1, j T Uij Cinf — o+l
ox Ax =L
X
n+l _+,-n+l
aV+Cle]+1C ~Vij G i,j— 1_L+Cn+1
oy Ay ’
_ n+1
ov C l]+1C ]+1_V"Cij — n+1
=L C .
dy Ay Y

The second order derivatives are approximated
as following:

a[ acj : i
M ) T T A2

C}’l+1
i,]
Hy, A2

8 oC
ay ‘uyay ’uy1

Cn+l

C}’-l:ill _ Cl‘H—l

n+l1
Cl 1 ]

— ~n+l + ~n+l
M. C"T+M. C,

n+l n+l
G~

Ay2

n+l
G i,j-1
THy, 2

— ~n+l + ~n+l
MyyC +MyyC
Ay

Here we use notation v=v-w. In these formu-
las Ly, Ly, Ly, Ly, L, Ly, My, Mo
tations of the difference operators [8].

After the approximation the solution of the dif-
ference equation is splitted in 4 steps [1, 8]:

— at the first step k=1/4 the difference

equation is:

etc. are the no-

v 2(L+Ck +L+ck)+ cft =

b

— at the second step k=n+1/2;c=n+1/4
the difference equation is:

k c
ck_cfC
R Y e e A Wi 3

A +2(LXC +LyC )+2Cy 0

. 1
— at the third step k=n +%;c =n +5 the
difference equation is:

y
At

k c
cf-c§
N oMtk e cCamt OF |

2 xx xx »y yy

— at the fourth step k=n+1;c=n +% the differ-

ence equation is:
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The developed numerical models where coded
using FORTRAN. b
)y

Findings

The developed computer models were used to
compute water purification in the horizontal set-
tlers with comprehensive geometrical forms, dif-
ferent kinds of baffles and plates:

Fig.1. — horizontal settler with baffle and verti-
cal plate;

Fig. 2. — horizontal settler with perforated baf-
fle (a) and with water injection into the working

part of settler (b);

Fig. 3. — horizontal settler with system of
plates.

Y

0 X

Fig. 1. Concentration field in the horizontal
settler with baffle and vertical plate
(inviscid vortex flow model)

In Fig. 1-3 the concentration field in the settlers
is shown. The concentration is presented using «In-
teger» form of number. Every number shows the
percentage of the concentration in the computa-
tional cell. The maximum concentration is at the
inlet cell (it’s equal to «99») and the smallest con-
centration is in the outlet cell. This concentration
shows the efficiency of the each settler.

The computational time was 10 sec — 5 min to
solve the fluid dynamics problems and masstrans-
fer using the developed numerical models.

Results of numerical integration models equa-
tions described in Table 1

Fig. 2. Concentration field
in the horizontal settler with:
a) perforated baffle; b) baffle and water
injection (model of potential flow)

Fig. 3. Concentration field in the horizontal
settler with system of plates
(model of Navier-Stokes equations)

Table 1

Results of numerical experiment

Settler Efficiency
With baffle apd vertical plate 92 %
(Fig. 1)
With:
a) perforated baffle; 79 %
b) baffle and water injection 90 %
(Fig. 2)
With system of plates o
(Fig. 3) 65 %
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Originality and practical value

A new approach to investigate the mass transfer
process in horizontal settler was proposed. This
approach is based on the developed CFD models of
different level. Three fluid dynamics models were
used for the numerical investigation of flows in the
settler. These models use the rectangular grid and
porosity technique to create the form of the settler
in the numerical model. The developed models
have more capacity than the existing models in
Ukraine. The developed models allow computing
quickly the efficiency of water purification in set-
tlers. The models are not computationally expen-
sive.

Conclusions

Three CFD models were developed to compute
the flow field in horizontal settler. These models
are based on the equations of inviscid fluid dynam-
ics models and Navier-Stokes equations. The proc-
ess of mass transfer in the horizontal settlers is
simulated using convection-diffusing equation.
Numerical study based on the developed models
was carried out. Results illustrate that the devel-
oped models can be used to simulate the process of
water purification for settlers having comprehen-
sive geometrical form.
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YUCEJBbHUM PO3PAXYHOK POBOTH 'OPU30OHTAJIbBHUX
BIACTIHHUKIB

Merta. ['opr30HTaNBHI BICTIHHUKY € OJHUM i3 HalBa)KJIMBIIINX €JIEMEHTIB Y TEXHOJIOTIUHIM CXeMi OYHMIICHHS
BOJIH. [X 3aCTOCYBAHHS TOB'SI3aHO 3 MOMKIIMBICTIO TIPOIYCKY J0OCHTh BEIUKHX 06CATiB Boju. [Ipu pekoHCTpyKIii a60
NPOEKTYBaHHI TOPH30HTAJIBHUX BiACTIHHHMKIB BHHHKA€ BiAINOBiNANbHE 3aBJAaHHS IIOJ0 OLIHKH iX e(eKTHBHOCTI.
Po3paxyHoKk epeKTHBHOCTI BifCTiHHIKA MOKe OyTH BHKOHAHHWH METOJIOM MAaTEMAaTHYHOTO MOJeNtoBaHHA. Emmipu-
YHi, aHAJIITHYHI MOJIENTi Ta METOAWKH, SKi Ha JaHUK 9ac BUKOPHUCTOBYIOTHCS JJIS PO3B’S3aHHS ITOCTABJICHOI 3a1adi,
HE JIO3BOJIAIOTH BpaxyBaTd (OpMy BIICTIHHMKA Ta Pi3HI KOHCTPYKTHBHI OCOOJIMBOCTI, IIO 3HAYHO BILUIMBA€E Ha
BIpHICTP NPHHHATTS pIMICHHA MO0 BHOOpPY pO3MIpiB BiACTIiHMKAa Ta HOr0 KOHCTPYKTHBHHX OCOOJIMBOCTEH.
BukopucTaHHs aHANITHYHUX MOZEJIEH 0OMEXEHO JIHIe OJHOBUMIPHUME PO3B’SI3KaMu, 110 HE J03BOJISIE BPaxyBaTH
HEepiBHOMIpHE MOJIE IIBUJIKOCTI MOTOKY Y BIACTIHHMKY. BHKOpUCTaHHS CydacHHMX Mojejied TypOyJeHTHOCTI s
PO3paxyHKy TipOJAUHAMIKH Y BIACTIHUKY CcKiagHOI (opMHU NOTpedye B JaHUM Yac JyXKe MOTYKHUX KOMIT IOTEpIB.
KpiM 115010, pO3paxyHOK OJJHOTO BapiaHTy BiJCTIHHHMKA MOXKE TPUBATH JECSATKU TOMUH. Y NaHill poOOTI pO3rIITHYTO
NoOYZOBY YMCENBHUX MOJEeH ISl OLIHKH €(EeKTUBHOCTI POOOTH TOPH30HTAIBHOTO BiICTIHHMKA MOAM]iKoBaHOT
KoHCTpykuii. MeTtoauka. B ocHOBY Mojenel nokmaaeHo: 1) moTeHmianbHUH pyX ileanbHOI pinuHM; 2) BUXPOBUI
pyX imeampHOi pinuHM; 3) BUXpOBHIA pyX peanbHol pimuHu (piBHsSHHS HaB'e-Ctokca); 4) piBHSAHHS MacOIEPEHOCY.
Jns dnrcenbHOTO PO3B’sA3aHHSA PIBHAHH BHKOPHUCTOBYIOTBCS PI3HHIEBI CXeMH. UHCENBHHHA pPO3pPaxyHOK
3IIACHIOETHCS Ha MPSAMOKYTHiH pisHUIEBiH citii. s ¢popMyBaHHS BHIY PO3PaXyHKOBOI 00JACTi Ta BHOUICHHS Il
0COOJIMBOCTEH 3aCTOCOBYETHCSI METOX MapKyBaHHS. Pe3yabratn. Po3poOmeHi wmcenbHI Monemi T03BOJSIOTH
po3paxyBaTH MpOLEC OCBITICHHS BOJAW B TOPU3OHTAIBHUX BIACTIHHUKAX pisHOI (opMH Ta 3 pI3HUMHU
koH(iryparisimu mnactid. HaykoBa HoBu3Ha. [IpencraBieHo HOBHI MiIXiJ Y AOCIIDKEHHI Ta PO3PAXYHKY pOOOTH
TOPU3OHTAIILHUX BIACTIMHUKIB pi3HOI KoHQirypauii. [laHuii miaxin IPYHTYEThCS Ha YHCEILHOMY IHTErpyBaHHI
PIBHSHB pYyXy pimuHM Ta MacomnepeHocy aomimku. IlpakTtmuyna 3HaummicTh. Po3pobieHi uucenbHi Mopeni
PO3paxyHKy poOOTH FOPHU3OHTAILHUX BIICTIHHUKIB MPESIBJISIOTH HEBEIHUKI BUMOTH JIO MOTYKHOCTI KOMIT'FOTEPHOT
TexHiKH. Yac po3paxyHKy OJHOTO BapiaHTa 3aBJaHHS CTAHOBUTH KiJIbKA CEKYH[I.
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YUCJEHHBIN PACUET PABOTHI TOPU30HTAJIBHBIX
OTCTOMHUKOB

Ieasb. ['opusoHTANIbBHBIE OTCTOMHUKH SIBISIOTCS OJHHUM U3 BOXKHEMIIMX 3JIEMEHTOB B TEXHOJOTMYECKOW CXEME
OYHMCTKH BOJIbI. VX TPUMEHEHHE CBS3aHO C BO3MOXKHOCTBIO MPOIYCKa JOCTATOYHO OOJIBIIMX 00BEMOB BOIbI. [Ipu
PEKOHCTPYKLMHU WIH MPOEKTUPOBAHUU TOPU3OHTAIBLHBIX OTCTOMHUKOB BO3HUKAET OTBETCTBEHHAS 33Ja4a MO OLIEHKE
ux 3¢ ¢extuBHOCTH. Pacuer 3(h(HEeKTUBHOCTH OTCTOMHHWKA MOXET OBITh BBIIIOJIHEH METOIOM MATeMAaTHYECKOTO
MOJIECNTUPOBAHUS. OMIUPUUYECKUE, AHATUTHUECKUE MOJEIM U METOJUKH, KOTOPbIE B HACTOsILEEe BpeMsl HC-
MOJIB3YIOTCS TSl PEIICHHs MOCTABICHHOHN 3a/laud, He TIO3BOJIIOT YIeCTh POPMY OTCTOMHWKA W PAa3ITUIHBIC KOHCT-
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EKOJIOI'A1 HA TPAHCITIOPTI

PYKTHBHBIE OCOOCHHOCTH, YTO 3HAUYUTEIBHO BIMSAET HA BEPHOCTh IMPHHATHS PELICHUS ITO0 BEIOOPY pa3MepOB OTCTOM-
HHUKa M €r0 KOHCTPYKTHBHBIX 0COOCHHOCTEH. VICTIONB30BaHIE aHATUTUIECKUX MOJEINIEH OrpaHNYEHO TOJIBKO OIHO-
MEPHBIMH PEIICHUSAMH, HE MO3BOJIAET yUECTh HEPAaBHOMEPHOE TI0JIE CKOPOCTH TOTOKAa B OTCTOWHHMKE. Vcmonb3oBa-
HHE COBPEMEHHBIX Mojejel TypOyJeHTHOCTH IJIsi pacueTa THIPOJUHAMHKH B OTCTOMHUKE CIIOXHOW (opmbl
TpebyeT B HacTosillee BpeMs OYEHb MOIIHBIX KOMIIBIOTEPOB. KpoMe 3TOro, pacyer oaHOro BapuaHTa OTCTOMHHKA
MOXET IPOJIOJDKATBCS JEeCATKH 4dacoB. Llenpro paboThl sBIIsiETCS MOCTPOEHHE YHMCIEHHOM MOAENH JUisi OLEHKH
5 PEKTUBHOCTH TOPU30HTAIEHOTO OTCTOHHHUKA MOANGHUINPOBaHHON KOHCTpyKIMK. MeToauka. B ocHOBY Mozeneit
MOJIOXKEHO: 1) TOTEeHIMAaNbHOE JBIKEHUS! MICANbHON JKHJIKOCTH; 2) BHXPEBOE ABHKEHHE HIICaJbHOM JKHIKOCTH;
3) BUXpeBOe IBIXEHHE pealbHON xuakocTH (ypaBHeHHs Habe-Crokca); 4) ypaBHeHHe Maccomepenoca. s
YHCIEHHOTO PEIICHUS MOJACIUPYIONINX YPaBHEHHWH HCIIONB3YIOTCS PAa3HOCTHBIE CXeMbl. UNCICHHBIH pacder
OCYIIECTBIISIETCS] HA TPSAMOYTOJIBHON pa3HOCTHOH ceTke. i popMUpOBaHUS BHIIa pacueTHOI 00JacTH W BBIIEIE-
HUSI €€ 0COOEHHOCTEH MPUMEHSETCS METO MapkupoBaHus. Pe3yabTaThl. PaspaboTanHble YMCIEHHBIE MOAENIH I10-
3BOJIAIIOT PACCUUTATh MPOLIECC OCBETICHUS BOJbI B TOPU3OHTAIBHBIX OTCTOMHMKAX pa3iudHON (OpMBI U ¢ pa3nud-
HBIMH KOoH(urypanusmu miactud. Hayunasi HoBu3Ha. [IpencraBieH HOBBIM MOAXOX B MCCIICIOBAaHUM U pacyere
PabOTHI FOPU30HTANIBHEIX OTCTOMHUKOB pa3iMYHON KOHGHUTrypanud. JJaHHBIA TOIX0A OCHOBBIBAETCS HAa YHCICHHOM
HHTETPUPOBAaHUM YPaBHEHUH IBM)KEHUS KUJKOCTH U MacconepeHoca npuMecu. IlpakTuyeckas 3HaYUMOCThb. Pa3-
paboTaHHBIE YHUCICHHBIE MOJENM pacyera pabOThl T'OPU3OHTAIBHBIX OTCTOWHHMKOB IPENBSBISIIOT HeOOJIbLINE
TpeOOBaHUS K MOIIHOCTH KOMIIBIOTEpPHOH TEXHMKH. Bpemsi pacuera OJHOTO BapHaHTa 3a/adyd COCTABISIET
HECKOJIBKO CEKyH[I.
Kniouegvie cnoga: uncieHHas MOJieb; TOPU30OHTAIbHBIA OTCTOMHHK; OUHUCTKA BOJBI

REFERENCES

1. Belyayev N.N., Nagornaya Ye.K. Matematicheskoye modelirovaniye massoperenosa v otstoynikakh sistem
vodootvedeniya [Mathematical modeling of mass transfer in sedimentation tanks of sewage systems]. Dni-
propetrovsk, Nova Ideolohiia Publ., 2012. 112 p.

2. Vasylenko O.A., Epoian S.M. Vodovidvedennia ta ochystka stichnykh vod mista. Kursove i dyplomne proektu-
vannia. Pryklady ta rozrakhunky [Water drain and wastewater treatment for the town. Course and degree de-
signing. Examples and calculations]. Kyiv, Kharkiv, KNUCA, KAUCA, TO Ekskliuzyv Publ., 2012. 540 p.

3. Laskov Yu.M., Voronov Yu.V., Kalitsun V.I. Primery raschetov kanalizatsionnykh sooruzheniy [The exam-
ples of calculations of sewer facilities]. Moscow, Vysshaya Shkola Publ., 1981. 232 p.

4.  Loytsyanskiy L.G. Mekhanika zhidkosti i gaza [Fluid mechanics]. Moscow, Nauka Publ., 1978. 735 p.

5. Marchuk G.I. Matematicheskoye modelirovaniye v probleme okruzhayushchey sredy [Mathematical modeling
in the environment problems]. Moscow, Nauka Publ., 1982. 320 p.

6. Nagornaya Ye.K. CFD-model protsessa massoperenosa v vertikalnom otstoynike [CFD-model of the mass
transfer in the vertical settler]. Nauka ta prohres transportu. Visnyk Dnipropetrovskoho natsionalnoho
universytetu zaliznychnoho transportu — Science and Transport Progress. Bulletin of Dnipropetrovsk National
University of Railway Transport, 2013, no. 1 (43), pp. 39-50. doi: 10.15802/stp2013/9578.

7.  Rusakova, T. I. Issledovaniye zagryazneniya atmosfernogo vozdukha vybrosami avtotransporta v «ulichnykh
kanonakh» goroda [Research of air pollution from traffic in «street canyons» of city]. Nauka ta prohres
transportu. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu — Science and
Transport Progress. Bulletin of Dnipropetrovsk National University of Railway Transport, 2015, no. 1 (55),
pp- 23-34. doi: 10.15802/stp2015/38236.

8. Zgurovskiy M.Z., Skopetskiy V.V., Khrushch V.K., Belyayev N.N. Chislennoye modelirovaniye rasprostra-
neniya zagryazneniya v okruzhayushchey srede [Numerical modeling of pollution in the environment]. Kyiv,
Naukova Dumka Publ., 1997. 368 p.

9.  Plosz B.G., Nopens 1., Rieger L., Griborio A., De Clercq J., Vanrolleghem P.A., Daigger G.T., Takacs I.,
Wicks J., Ekama G.A. A critical review of clarifier modeling: State-of-the-art and engineering practices. Proc.
3rd IWA/WEF Wastewater Treatment Modeling Seminar (26.02-28.02. 2012), Mont-Sainte-Anne, Quebec,
Canada, 2012, pp. 27-30.

10. Biliaiev M.M., Kozachyna V.A. New codes for the CFD simulation of the water purification in the horizontal
settler. Problemy vodopostachanniya, vodovidvedenniya ta hidravliky [Problems of water supply, wooden and
hydraulics], 2014, issue 24, pp. 16-23.

11. Ramalingam K., Xanthos S., Gong M., Fillos J., Beckmann K., Deur A. McCorquodale J.A. Critical modeling
parameters identified for 3D CFD modeling of rectangular final settling tanks for New York City wastewater

doi 10.15802/STP2015/49201 © M. M. Biliaiev, V. A. Kozachyna, 2015

42



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinporneTpoBcskoro
HAILliOHAJIBHOTO YHIBEPCHUTETY 3aJli3HMYHOr0 TpaHcmopty, 2015, Ne 4 (58)

EKOJIOI'A1 HA TPAHCITIOPTI

12.

13.

14.
15.

16.

treatment plants. Water Science & Technology, 2012, vol. 65, issue 6, pp. 1087-1094. doi:
10.2166/wst.2012.944.

Griborio A. Secondary Clarifier Modeling: A Multi-Process Approach. USA, University of New Orleans,
2004. 440 p.

Kleine D., Reddy B.D. Finite Element Analysis of Flows in Secondary Settling Tanks. Intern. Journal for Nu-
merical Methods in Engineering, 2005, vol. 64, issue 7, pp. 849-876. doi: 10.1002/nme.1373.

Takacs I. Experiments in Activated Sludge Modelling. Belgium, Ghent University Publ., 2008. 267 p.
Tamayol A., Firoozabadi B., Ahmadi G. Determination of Settling Tanks Performance Using an Eulerian-
Lagrangian Method. Journal of Applied Fluid Mechanics, 2008, vol. 1, no. 1, pp. 43-54.

Shahrokhi M., Said Md Azlin Md, Rostami F., Syafalni. The Computational Modeling of Baffle Configuration
in the Primary Sedimentation Tanks. 2™ Intern. Conf. on Environmental Science and Technology, 2011, vol.
5, pp- 392-396.

Prof. S. O. Pichugov, D. Sci. (Phys.—Math.), (Ukraine); Prof. O. H. Goman, D. Sci. (Phys.—Math.),

(Ukraine) recommended this article to be published

Received: June 15, 2015
Accepted: Aug. 14, 2015

doi 10.15802/STP2015/49201 © M. M. Biliaiev, V. A. Kozachyna, 2015

43





