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MODELLING OF WATER TREATMENT IN THE HORISONTAL SETTLER WITH
PERFORATED PLATES

Introduction. It is well known that the
horizontal settlers are very often used in the
water treatment. Today the different forms of
the settlers are used at the treatment plants.
But the engineers face the problem of
computational methods deficit. Designers
need the reliable information about the
efficiency of the settler which have
comprehensive geometrical form and work in
different conditions. To obtain this
information the CFD models are most
convenient.

Literature review. The process of the
waste waters purification in settlers is
calculated very often using the empirical

models. These models do not take into
account the geometrical form of the
horizontal settlers and the peculiarities of the
sedimentation process. [3, 5, 6]. Therefore, 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 to take into account the
geometrical form of settlers [1,2].

The objective. The main objective of this
paper is the development of the effective CFD
model which allows to compute the mass

transfer in horizontal settler with perforated gy

plates.

[
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Modeling equations. To simulate the
process of the water purification in the
horizontal settler the transport equation (1) is

used [1, 2]:
ac  ouc . a(v—wg)C .
T + . + T +oC =

d ac 0 acy ()

= (w5 + 55 (w5)
where C is the concentration; u, v, are the
velocity components in X, Yy direction
respectively; ws — is the speed of the gravity
fallout; o is the parameter taking into account
the process of flocculation and decay; pix , Ly
are the coefficients of turbulent diffusion in X,
y direction respectively; Xi , yi are the
Cartesian coordinates.

The transport equation is used with the
following boundary conditions [1, 2, 4]:

— inlet boundary: C|ipet = Cg, Where Ce
is the known concentration ( in the case study
of this paper it is dimensionless and equal to
Ce =100);

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

Fluid Dynamic Model. To simulate the
flow in the horizontal settler the model of
potential flow is used. The choice of this
model is explained by low computational
time for running this model of invisid flow. In
this case the governing equation is [7]

o°P  0°P

—7t- 770

ox< oy
where P is the potential of flow. The
components of the water flow inside the
settler are calculated as follows [7]

oP oP
U=—Vv=—o
OX oy

The boundary conditions for Laplas
equation are discussed in [2].

Numerical integration of the modeling
equations. To solve the fluid dynamic
equation of potential flow Libman method is
used. The numerical integration of the mass
transfer equation is carried out using four
steps change — triangle implicit difference
scheme [1,8]. On the basis of the developed

numerical model the code was created using
FORTRAN language.

Results. The developed computer model
was used to compute water purification in the
horizontal settler with perforated plates which
are used to increase the efficiency of the
settler (Fig.1). It is clear from this figure that
the computational domain has the
comprehensive geometrical form from the
modeling point of view. Dimensions of the
computational  region are 20mx11lm;
diffusion  coefficient is 0,7 mz2/h,
ws=0.001m/s. In Fig. 2 the concentration field
in the settler is presented. Every number in
Fig.2 represents percentage from the
concentration at inlet plate.

— ' L
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Fig.1. Sketch of the horizontal settler with
perforated plates (1)

Fig.2. Concentration of contamination in the
horizontal settler

We can see from Fig.2, that the
concentration at the exit plane is about 2 -3%
from the initial concentration at the inlet
plane. The concentration near the first
perforated plate is about 50%, at the bottom
and it is equal to 18% near the second
perforated plate. In the last, fourth part of the
settler (the domain between the third
perforated plate and exit plane) the
concentration field is almost uniform. As we
see from Fig. 2, the intensive fallout takes
place in the region near the perforated plates.

The computational time to solve the
problem was about 7 sec. It means that the
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developed computational model can be used
to predict very quickly the concentration field
in the settler having comprehensive
geometrical form. In future the 3-D CFD
model is proposed to be developed.
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HAITPABJIEHUSA YCOBEPIIEHCTBOBAHUS PABOTbBI 3AKPBITBIX
NUPKYJIANUOHHBIX OKUCIUTEJIBHBIX KAHAJIOB

[ToBbimenne 3ddexTuBHOCTH PabOTHI
KaHaJIM3alMOHHBIX OYUCTHBIX COOPYXKEHUH B
COBPEMEHHBIX YCJIOBHUSX YPE3BbIYAWHO Ba-
YKHO KaK B YKpaunHe, Tak U Bo BceM mupe. [lo-
CTYIUICHHME HEOUMIIEHHBIX WJIH HEI0CTaTo-
YHO OYMIIEHHBIX CTOUYHBIX BOJI B PUPOIHbBIE
BOZIOEMBI MPEACTABIAET OMACHOCTh JUIf
OKpY>Karolleu Cpeibl.

Jns mMexaHndeckor W OHOJIOTHYECKOU
OUYHUCTKHU XO3SHCTBEHHO-OBITOBBIX U OJIM3KUX
K HUM TI0 COCTaBy MPOU3BOACTBEHHBIX CTOY-
HBIX BOJl Ha CYIIECTBYIOUIMX KaHaJIH-
3allMOHHBIX OUYUCTHBIX COOPYKEHHSIX HCIIO-

JB3YIOTCA 3aKPbIThIE TUPKYJIAIIUOHHBIE OKHU-
CIIUTENIbHbIE KaHaJIbl. 3aKpbIThlE LHUPKYJIIsi-
LIMOHHBIE OKHCIUTEIbHBIE KaHAJbl JKCILIya-
TUPYIOTCSI HAa CYLIECTBYIOLIMX KaHAJU-
3allMOHHBIX OYUCTHBIX COOPYKECHUSX, B paii-
OHax CO CPETHETOOBOM TEMIIEPATYPOU HUKE
+6°C, npu 3TOM He TpedyeTcsi MepBUYHOTO
OTCTaMBaHUs CTOYHBIX BOJ, YTO 3HAYUTEIBHO
YIPOLIAET TEXHOJIOTUYECKYIO CXEMY OYMCT-
HOM yctaHoBKkH [ 1-3].

[IpoBeneHHBIN aHaIU3 CYIIECTBYIOIIETO
MOJIOKEHUS OUYUCTKH XO35HCTBEHHO-
OBITOBBIX CTOYHBIX BOJ B 3aKPBITHIX LIUPKY-
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