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INVESTIGATION OF ADMIXTURE SEDIMENTATION
IN THE HORIZONTAL SETTLER

Purpose. Sedimentation by gravity is the most common and extensively applied treatment process for the re-
moval of solids from water and wastewater and it has been used for over one hundred years. Sedimentation tanks are
one of the major parts of a treatment plant especially in purification of turbid flows. Horizontal settlers are mainly
used for purification of high quantity of water. In these tanks, the low speed turbid water will flow through the
length of the tank and suspended particle have enough time to settle. Finding new and useful methods for calculating
and increasing hydraulic efficiency of horizontal settlers is the objective of many theoretical, experimental and nu-
merical studies. But currently used models and methods in Ukraine do not allow taking into account geometrical
form and various design features. In this paper the numerical model was developed to evaluate the effectiveness of
horizontal settler with modified structure. Methodology. Numerical model is based on: 1) equation of viscous fluid
dynamics; 2) mass transfer equation. For numerical 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 model allows obtaining the purification process in the settler with different form and different con-
figuration of baffles. Originality. A new approach to investigate the mass transfer process in horizontal settler was
proposed. This approach is based on the developed CFD model. The fluid dynamics model was used for the numeri-
cal investigation of flows and waste waters purification. To investigate influence of baffles on settler efficiency
physical experiment was carried out. Practical value. The developed model has more capacity than the existing
models in Ukraine. The developed model allows computing quickly the efficiency of water purification in settlers.
The model is not computationally expensive. Calculation time of one variant of the problem takes few minutes.

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

Introduction is the objective of many theoretical, experimental
and numerical studies [1, 6, 8, 10, 11, 12, 13, 14].
An approach in present paper for increasing hori-
zontal settler performance is to use system of baf-
fles and plates.

To obtain the horizontal settler efficiency the
empirical models are used in Ukraine [2, 3]. But
these models don’t allow calculating horizontal
settlers with comprehensive geometrical form and
different systems of baffles and plates. That’s why
it is important to develop CFD models having
more capabilities to simulate the process of the

Horizontal settlers are essential hydraulic struc-
tures which have to be engineered, designed and
constructed at all water treatment plants to remove
most of suspended solids which enters the intake
by polluted water. The bigger the settler, the best
the settlement of pollutants, but the expenses are
higher. Therefore, improvement of performance
and increasing of removal efficiency of horizontal
settlers by alternative method is necessary. Finding
new and useful methods for calculating and in-
creasing hydraulic efficiency of horizontal settlers
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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, 8, 9].

Purpose

The objective of this paper consists of two
parts. The first part is the experimental investiga-
tion of flow in horizontal settlers. The second part
is development of the effective computer model
(CFD model) which is more effective than the em-
ployed in Ukraine models and which can be used
for prediction of the horizontal settler efficiency.

Methodology

Experimental investigation. The experiment
was carried out in the hydraulics water channel,
where the plates were established to form geome-
try of horizontal settler (Fig. 1). The main objec-
tive of the experiment was confirmation that plates
influence on increasing of horizontal settler effi-
ciency.

Physical experiments were carried out in hori-
zontal settler (Fig. 1, Fig. 2) with dimensions 1:100
to real settler (height — 2 cm; length — 24 cm; width
— 8 cm), which is in operating now at the coal mine
«Stepovay, Pavlograd region.

Fig. 1. Experimental model
of horizontal settler without plates:
1 — distribution of the sludge inside the horizontal settler;
2 — distribution of the sludge outside the horizontal settler

Fig. 2. Experimental model
of horizontal settler

with plates (I'-shaped, vertical and horizontal):
1 — distribution of the sludge inside the horizontal settler
in the first zone (in front of the I'-shaped plate);
2 — distribution of the sludge inside the horizontal settler
in the second zone (in front of the vertical plate);
3 — distribution of the sludge
inside the horizontal settler in the third zone

Froude number was chosen as criterion

2
Fr=—=idem
gl

Fig. 3. Sludge (1) on the bottom
of the classical horizontal settler (top view)

Fig. 4. Sludge on the bottom
of the modified horizontal settler (top view):
1 — zone before I' — shaped plate; 2 — zone before vertical
plate; 3 — zone after vertical plate

At Fig. 3, Fig. 4 results of physical experiments
are shown. Table 1 presents mass of sludge, which
was settled at the bottom of each horizontal settler.
As we can see, mass of sludge at the bottom of
modified settler is higher, than in classical one.

Table 1

Results of the experimental investigation

settling velocity, cm/sec

Model of settler
0,75 0,90 1,05
classical horizontal 1.1 1,9 42
settler, g
modified horizontal 18 2,5 5,1
settler, g
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CFD model. For numerical modeling of mass
transfer process in horizontal settler CFD model
was developed. It consists of two models: mass
transfer model and model of viscous fluid flow.

Mass transfer model. To simulate the process
of water purification in the horizontal settler the
transport equation (1) is used [1, 5, 7, 9]:
oC ouC o(v—-w)C

+ + +

ot Ox oy

0 oC) 0 oC
=—(u —J+—(u —J (1)
ox\' *ox) oy Yoy
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 p, 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, 9]:
— inlet boundary: C|in let = C Ik where C £ is
the known concentration (in the case study of this
paper it is dimensionless and equal to C ol 100);

oC =

— outlet boundary: in numerical model the con-
dition C(i+1,j)=C(i,j) is used. Here, C(i+1,)
is the concentration at the outlet boundary cell (this
boundary condition means that we neglect the
process of diffusion at this plane). C (i, j) is the

concentration in the previous cell.
Initial Condition:

C=0, for =0 [12].

Fluid Dynamics Model. To simulate the flow in
the horizontal settler fluid dynamics model of vis-
cous flow was used.

The governing equations of fluid dynamics
model are equation (2) and equation (3).

Equation (2) is Poisson equation for flow func-
tion [4]:

2 2
5_‘5+5_‘g=_m )
ox~ 0Oy

Equation (3) describes vorticity transfer in fluid

[4]:

oo ouw ovo 1 (e ‘o
—t——t = =t 3)
o ox 0dy Relox” oy
where Re Nl is Reynolds number.
v
Boundary and initial conditions of this fluid
dynamics model are discussed in [7].
Computation of settling velocity. To compute

the settling velocity the following model is used
[11,13]

W=y (K1(CCon) _ g=K2(C-Con)
where K;, K, are experimental constants [11, 13].

Numerical solver. Numerical integration of
governing equations is carried out using rectangu-
lar grid. The geometrical form of the horizontal
settler in the numerical model is created using po-
rosity technique (markers method) [5, 7].

To solve Poisson equation (2) the following
difference scheme of splitting is used [7]:

— at the first step of splitting the difference
equation is

1
nt+—

vy vy :E
At 27

— at the second step of splitting the difference
equation is
n+% n n+% VH—% VH—% n-%%
V" Vi _ VWit TV Wiyt TS

At Ax® A

— at the third step of splitting the difference
equation is
3 1 3 3 3 3
n+Z n+5 rHZ rHZ ,HZ IHZ
Vij =V~ _ Vi — Vi, + Vi~ Vi, |
At Ax? A

— at the last step the difference equation is

3
ntl n+=—

\Vij _\V,’j 4
At

_ 9y
2 b

where

1
;= Z(‘Di,_/ T O Oy o T O ) .

Velocity components are calculated using the
following expressions
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EAN Vi = Ao

To solve equation (3) the change triangle dif-
ference scheme is used [7]. First of all velocity
components are written in the following form

u=u"+u = ,
2 2

yov oy ML YEM g
2 2

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

oo . .

ax ~A (1+1] lj ljllj/A'x
oo -

Ox ~ AX(D: (ui+l,j(’0i+l J ul j(Dl ])/Ax ’
ov'o

o At [t
~ Aym_ (Vi,ﬂlmi,j Vi / @;, j— 1)/Ay,

ay ~ A;m_(vlj+10)l T lj lj /Ay
The second order derivatives are written as fol-
lowing:

.
(~0n 0, )/ A + (00, -0, ) /A7
227?~L+ym—L_@_
=(@,0-0,,)/87 + (0,0 -0,,) /57

The difference approximation of the equation
(3) can be written as follows

n+l n
ij ~®ij

i,] +
At

(Q)

+(A; +AL+A +A;)(co”“§+(l—§)m”)=

1

Re(L +L +L +L, )(m"“§+(l—<‘;)w”)

(E+A)(AL+A+AS+A, o™
—ﬁ—éi(% +L, + L, +L;y)m"“ =
=(E-ar(1-g)(A; + AL+ A +A; o' +

(1 g)(Li

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
equation of vorticity transfer is written as follows

+L, +L, +L )

Yy

1
(B 5l 1) o2 =

_ [E—%(A; +A;)+2AR[6(L;Y L, ))w

[E +%(A; " A;)—ZA—Rte(L;x " Lyy)jm”“

(BB N (e ) Jo

Using these expressions the unknown meaning
of vorticity is computed using «running calcula-
tion» [7].

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

Ooc Ouc O(v—w)c
—+ +

+o0c=0
ot Ox ox

de_of oc), af oc
ot ox\"ox) oy ™oy
At the second step the following approximation
of the first order derivatives are used [5]:

OC
o

Cn+1_Cn
At
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ouC _ou'C N ou C

b

Ox Oox Ox

ovC _ov'C N ov C

) )
+ Cn+1_ + Cn+1

outc Yiv1,j%ij

X

b

ox Ax
ou C < Uiy Cir-ﬁ}j U Cin;] — -
ox Ax ! ’
+ vT C”+1—V+C”+1
ov Cz Lj+170f ij i,j—1:L+Cn+1
oy Ay y ’
— v, entl el
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The second order derivatives are approximated
as following:

3 [ acj Cii =G
P L Al o e T
ox ox ‘ Ax

n+l1 n+l
_uxz Ci’j A_xfi—l,j ZM;XCHI +M;xcn+l ,
of, o), Gm=G"
o\ )
Cn+l _ CI’H—]l
i,j i,j-1 _ - i+l + i+l
~Hy, A—)/2 =M, C"+M,C

Here we use notation v=v-w. In these formu-
las L;,L;,L;, L, L, L;,M;C,M;x , etc. are the nota-
tions of the difference operators [7].

After the approximation the solution of the dif-
ference equation is splitted in 4 steps [1, 7]:

— at the first step & =% the difference equation

1s:
chtk_cn
Y y +1(L+Ck +L+Ck)+ng1. =0;
At 20 X y 2y

— at the second step k=n+%;c=n+l the

difference equation is:
k _ ~c
C:-C:.
M+1(L‘ck +L‘ck)+3d‘. =0;

At 20 X y 2 Y

— at the third step k=n+%;c=n+% the dif-

ference equation is:

ck_cc
i

At

Loy cComt ek ccomt oF |,
P XX

xx Yy Yy

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

ference equation is:

ck_cc
i

At

1

M- cFemtcCem ckimt €
P XX

XX Yy Yy

The developed numerical models where coded
using FORTRAN.

Findings

The developed computer model was used to
compute water purification in the horizontal settler
with two vertical plates (Fig. 5)

Fig. 5. Concentration field
in the horizontal settler with two vertical plates

In Fig. 5 the concentration field in the settler is
shown. The concentration is presented using «Inte-
ger» form of number. Every number shows the
percentage of the concentration in the computa-

doi 10.15802/stp2016/77827

© V. A. Kozachyna, 2016

11



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

Hayxka ta nporpec Tpancnopty. BicHux J{HimponeTpoBcEKOro

HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2016, Ne 4 (64)

EKOJIOI'A1 HA TPAHCITIOPTI

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 settler.

The computational time was 5 min to solve the
fluid dynamics problem and mass transfer using
the developed numerical model.

Originality and practical value

Results of physical experiments are presented
in the paper. These results show the peculiarities of
sludge sedimentation in horizontal settler with ad-
ditional plates.

A new approach to investigate the mass transfer
process in horizontal settler was proposed. This
approach is based on the developed CFD model.
The fluid dynamics model was used for the nu-
merical investigation of flows in the settler. These
models use the rectangular grid and porosity tech-
nique to create the form of the settler in the nu-
merical model. The developed models have more
capacity than the existing models in Ukraine. The
developed models allow to compute quickly the
efficiency of water purification in settlers. The
models are not computationally expensive.

Conclusions

The experiments which were carried out in hy-
draulic laboratory confirm the idea that the addi-
tional plates in the horizontal settler can increase
the efficiency of water purification.

The CFD model was developed to compute the
flow field in horizontal settler. This model is based
on the equations of viscous flow. The process 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 developed models
can be used to simulate the process of water purifi-
cation for settlers having comprehensive geometri-
cal form.
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JOCJIKEHHS OCAJKEHHS JOMIIIOK
Y TOPU3OHTAJBHOMY BIICTIHHUKY

Mera. Oca/pKeHHs IOMIIIOK € HAWOUTBIIT MPOCTUM Ta IIMPOKOBKUBAHUM METOIOM MEXaHIYHOI OYMCTKH TIPUPOAHHUX
abo criyaux Boj. Lleit mporec peasizyeThes, 30KpeMa, B TOPH30HTATIBHUX BiJCTIMHIKAX, SIKI € OJHUM 13 HAHBaKIIMBIIINX
€JIeMEHTIB y TEXHOJIOTIUHil CXeMi OUMIIEHHs BOIM. IX 3aCTOCYBAHHS TOB’S3aHO 3 MOKJIMBICTIO TIPOIYCKY JIOCHTh BEIIH-
KuX 00csTiB Bomy. B mx criopyziax Boza, 110 OUHMIIY€ETHCS, PYXa€eThCsl 3 HEBEIMKOIO IIBUJIKICTIO, 110 JIO3BOJISIE JOMILIIII
ocicty. ITonryk HOBUX METOAIB JUIs pO3paxyHKy TOPU30HTAIBHNX BIACTIHHUKIB Ta IABUIIEHHS iX e()EKTHBHOCTI € METOIO
0ararbOX TEOPETUYHHX, EKCIIEPUMEHTAIBHUX Ta YHCENBHUX JOCHILKEHb. [IpoTe MoJieni Ta METOAMKH, SIKI B JaHWH Jac
BUKOPHCTOBYIOTBCS [UISL PO3B’SI3aHHS TIOCTABJIEHOI 33/1adi, He TO3BOJIAIOTH BpaxyBaTH (OpMy BiACTIHHHKA 1 pi3HI KOHC-
TPYKTHBHI 0COOIMBOCTI. MeToro poOoTH € ToOyI0Ba YMCENBbHOI MOJEIN IS OIIHKKA e€(pEeKTUBHOCTI TOPU30HTAIEHOTO
BIJICTIfHHKA 3 BEPTUKAIFHIMH IDTACTHHAMH 1 IIPOBEICHHS EKCTIEPUMEHTY JITA Bi3yasi3arlii Iporecy OCamKeHHS JOMIIIIKH
B TOPH30HTAJIFHOMY BiACTIHHIKY 3 HabopoMm ruiactiH. MeToamuka. OcHOBOIO Mozeni €: 1) BUXpOBHH pyX peanbHOI piau-
uH (piBEstHAS Haw’e-Ctokca); 2) piBHSHHS MaconepeHocy. s dicesHOro po3B’ 3Ky PiBHSHD BUKOPHUCTOBYIOTBCS Pi3-
HHILEBI cxeMu. YucenbHuil po3paxyHOK 3IHCHIOETHCS HA NPSIMOKYTHIH pi3HULEBIi citui. s ¢popmyBaHHs BUIYy po3pa-
XYHKOBOT 00J1acTi Ta BUIUICHHSI i 0COOJIMBOCTEH 3aCTOCOBYEThCS METO MapKyBaHHs. Pe3yabTaTi. Po3pobieHa yncesb-
Ha MOJIENb JIO3BOJISIE PO3paxyBaTH IPOLIEC OCBITJIEHHSI BOAM B TOPH30HTAIBHUX BIJCTIHHUKAX pi3HOT (OpMH i1 3 pi3HUMHU
KOHQirypaissmu 1actud. HaykoBa HOBH3HA. ABTOPOM NPEACTaBICHO HOBWH MIIXiJ Y JOCIIDKEHHI Ta PO3PaXyHKY
PoOOTH TOPH3OHTATIBHUX BIICTIHHUKIB pi3HOT KOH(iIrypamii. JJaHui Miaxig IpyHTYeTbCS Ha YMCENBHOMY IHTErpyBaHHI
PIBHSIHBb pyXy pianHU 1 MacoriepeHocy nomimky. IlpakTuana sHauuMicTs. Po3pobiieHa uricesbHa MOZIENb PO3paxyHKy
PpoOOTH TOPU3OHTAIFHUX BIICTIHUKIB Tpe’ IBJIsIE HEBEIMKI BUMOTH JI0 TIOTYXKHOCTI KOMIT FOTepHOI TexHikn. Yac po3pa-
XYHKY OZIHOTO BapiaHTa 3aBJIaHHS CTAHOBUTH KiJIbKa XBUJIHH.

Knrouogi crosa: auceiibHa MOJEIb; TOPU3OHTAIBHHH BIACTIHHHK; OYMCTKA BOAH; (i3MYHUN eKCIIEPUMEHT

B. A. KO3AUMHA"

1*Ka(p. «'unpaBnuka u BonocHabxeHne», IHENpONeTPOBCKUI HAIIMOHATIBHBI YHUBEPCHUTET KEJIC3HOIOPOKHOTO
TpaHCIOpTa UMeHH akanemuka B. Jlazapsna, yn. Jlazapsna, 2, {aunpo, Ykpauna, 49010, ten. +38 (056) 373 15 09,
a11. moura kozachynav@yandex.ua, ORCID 0000-0002-6894-5532

WCCJEJIOBAHUE OCAKIEHUWS IPUMECEN
B TOPU30HTAJIBHOM OTCTOMHUKE

Hean. Ocaxaenne npuMecer sIBISIETCsT HanOoJIee IPOCTHIM M ITHPOKOHUCIIONB3YEMbIM METOAOM MEXaHHUYECKOM
OUYHMCTKH NPHUPOAHBIX WIN CTOYHBIX BOA. DTOT MPOLECC PEAU3YETCs, B YACTHOCTH, B TOPU30HTAIBHBIX OTCTOWHH-
Kax, KOTOpbIE ABJISIFOTCSI OJHUM M3 BaXKHEHIINX 3JIEMEHTOB B TEXHOJOTHYECKON CXEME OYMCTKH BOABL MX HCIOib-
30BaHME CBSA3aHO C MPOIYCKOM JOCTaTOYHO OOJIBIIOrO KOJIMYECTBA BOABL B 3THX cOoOpy)XeHUSIX ouuilaemas BoJa
JIBIDKETCSI C HEOOJIBILIONW CKOPOCTHIO, YTO MO3BOJISIET MPUMECSM OCECTh. [I0MCK HOBBIX METO/IOB IJISl pacueTa ropu-
30HTAJIbHBIX OTCTOMHUKOB M MOBBIIICHUS 3(1)(1)6KTI/IBHOCTI/I ux pa6OTI>I SABJIACTCA LECJIBIO MHOTHUX TCOPCTUYCCKHX,
9KCHEPUMEHTANBHBIX U YUCICHHBIX ucciaenoBaHuid. Ho Mojgenu u MeTOOUKH, KOTOpBIE celdac UCIONb3YIOTCS It
pelIeHus] TIOCTAaBIEHHOH 3a/laud, HE MO3BOJIIIOT Y4ecTh (pOpMy OTCTOHHMKA M Pa3iIM4Hble KOHCTPYKTHBHBIE OCO-
6enHocTH. Llenpio paboTHI SBJISIETCS NOCTPOSHNE YMCICHHONW MOIEH ISl OLEHKH 3 (QEKTUBHOCTH TOPU30HTAIBHO-
IO OTCTOMHUKA C BEPTUKAIbHBIMU IUITACTHHAMH W MPOBEJCHUE SKCIIEPUMEHTA JUTS BU3YTH3aIHK MPOLIecca OCaXIe-
HUS TIpUMecedl B TOPH3OHTAIILHOM OTCTOHHHKE ¢ HabopoM IutacThH. MeToauka. B oCHOBY MonenH MOJOXKEHO:
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EKOJIOI'A1 HA TPAHCITIOPTI

1) BuxpeBoe IBIKEHHE peanbHoil xxuakoctu (ypaBHeHus: HaBre-Ctokca); 2) ypaBHeHHe Macconepenoca. Jist dmc-
JICHHOTO MOJIEITHPOBAaHUS MOJEIHPYIOUINX YPaBHEHHH HCHOJIB3YIOTCS PAa3HOCTHBIE CXeMBl. UHCIEHHBIH pacder
OCYIIECTBIISIETCS] HA MPSIMOYTOJIFHON pa3HOCTHOH ceTke. /s hopMupoBaHUS BHIa pacuyeTHOI 00JacTH U BBIIEIe-
HUS ¢ OCOOCHHOCTEH NMPUMEHSIETCS METO MapkupoBaHus. Pe3yabTaThl. PaspaboTanHas ducieHHass MOICIb IO-
3BOJISIET PACCUUTATh MPOIECC OCBETIICHUS BOJBI B TOPU30HTAIBHBIX OTCTOMHUKAX Pa3IMYHON (DOPMBI U C pasiuy-
HbIMH KOH(urypauusmu ruiactud. HayuHnasi HoBH3HA. ABTOPOM NPEJCTaBJIE€H HOBBII MOJXOJ B HCCIEJOBAHUU
U pacueTe pabdOThI TOPU3OHTAIBHBIX OTCTOWHWUKOB PAa3IMYHON KOHQHTrypanuu. J[aHHBIA MOAXOJ OCHOBBIBACTCS
HA YHUCICHHOM WHTCTPUPOBAHWHM  ypPaBHCHUU  JBWKCHUS OKUJAKOCTH W MacCOlepeHOoca  IMPHMECH.
I[pakTnyeckasi MeHHOCTHh. Pa3paboTaHHAas YHCICHHAS MOJEIb pacdera paOdOThl TOPU3OHTAIBHBIX OTCTOWHUKOB
MIPEeIbSBISET HEOONbIINEe TPeOOBaHUS K MOIIHOCTH KOMITBIOTEPHOW TEXHUKH. Bpems pacdera omHOTO BapHaHTa
3a[a9i COCTABIISICT HECKOIBKO MUHYT.

Kniouesvie cnosa: aucneHnas MoJelb; TOPU3OHTANBHBIA OTCTOWHHUK; OYMCTKA BOIBI; (GU3UIECKUI SKCIIEPUMEHT
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