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CFD MODELLING OF THE WATER TREATMENT IN THE HORISON TAL
SETTLER

Mertoro 1aHoi podotu € po3podka edpextuBHoi CFD Momeni, sska Moske OyTH BHKOPHCTaHA IS
PO3paxyHKy e)eKTHUBHOCTI pOOOTH rOPU30HTAIBLHOIO BiICTIiiHNKA 3 ypaXyBaHHAM HOro reoMeTpH4YHOL
¢opMH, KOHCTPYKTHBHMX acHeKTIiB Ta 0co0JuBOCTeill mpouecy ocizanns aomi mkiB. s
MO/IEJIOBAHHS Tpouecy OYHCTKM BOAM B TOPHU30HTAJIBHOMY BiJCTIiiHHKY BHKOPHCTOBYBAJIOCH
PiBHSIHHSI TIePEHOCY 3aBHCINX YACTHHOK Ta PiBHSIHHS MOTEHUiliHOro MoToKy piguHu. st po3B’ 3Ky
IMX PiBHSIHb BHKOPUCTOBYBAJUCH HesiBHI pisHuLeBi cxemu Camapcbkoro A.A. Ha ocHoBi no6ynoBaHoi
YuceJbHOI Mo/ei 6yi10 po3podiaeno kog Ha MoBi FORTRAN.

Kawuosi cioBa: yncenpHa MOJICIb, TOPU30HTATIBHUI BiICTIHHHUK, OYHUCTKA BOIH.

Henpio ganHoil pa6oTsl sABJAsieTcs pa3padoTka P dexTusnoii CFD mogenn, xoropass MoikeT
ObITH HCIO0JIL30BAHA [1JIA pacueTa 3G(PeKTHBHOCTH PadoThl FOPH3OHTAIBLHOIO0 OTCTOIHUKA € y4eTOM
ero reoMeTpu4eckoii (popMbl, KOHCTPYKTHBHBIX aCIHEKTOB U 0COOEHHOCTEH mpouecca O0CaxKIeHHs
npumeceii. Jisi MoAeJMpoOBaHWs Tpolecca OYMCTKH BOAbLI B TOPH30HTAJbHOM OTCTOWHHKE
HCNO0Ib30BAJIOCH YPABHEHHe NMePeH0Cca B3BelIeHHbIX YACTHI] H ypaBHEHHE MOTEHIHAJbHOI0 TedeHHsl
AKUAKOCTH. Jlas pemeHust 3THX YpaBHEHHMil HCHOJb30BAJINChL HesIBHbIC PAa3HOCTHbIE CXeMbI
Camapckoro A.A. Ha ocHoBe mocTpoeHHOii 4mciieHHOW Mojesn Obl1 pa3pa0oTaH Ko Ha si3bIKe
FORTRAN.

KiroueBble ¢j10Ba: 4KCiIEHHAsA MOJEIb, TOPU3OHTAIBHBIA OTCTOMHUK, OYUCTKA BOJBL.
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Objective of this work is development of the effeste CFD model which can be used for
prediction efficiency of the horizontal settlers wih taking into account the geometrical form of the
settler and the peculiarities of the sedimentationprocess. To simulate the process of the water
purification in the horizontal settler the transport equation of pollutions and the equation of potenal
flow are used. To solve these equations SamarskiifA.implicit difference scheme is used. On the basis
of developed numerical model the code was createding FORTRAN language.

Key words: CFD model, horizontal settler, water treatment.

Introduction . Horizontal settlers are very important elementthe water treatment
chain. Designers need to have the information abwmikefficiency of the settler for the
different conditions. Now days the settlers with tomprehensive geometrical form have
started to be used in practice. But designerstfaezeeal lack of methods to calculate the
efficiency of the settlers with the comprehensigeemetrical form.

Literature review. To compute the process of the waste waters paitiific in
settlers the empirical models are widely used ingifie and abroad. These models do not
take into account the geometrical form of the hmtal settlers and the peculiarities of
the sedimentation process. [3, 5, 6]. Thereforés important to develop CFD models
having more capabilities to simulate the procesthefwaste waters treatment in settlers
and which do not need much computational time fommg and allow to take into
account the geometrical form of settlers [1,2].

The objective The main objective of this paper is the developneérthe effective
CFD model which is more effective than the emploiyetkraine models and which can
be used for prediction of the horizontal settldicafncy.

Modeling equations To simulate the process of the water purificationthe
horizontal settler the transport equation (1) sdufd, 2]:

aC AuC Aw-wC a( acj a( acC
s + +0C=—| u,—|+—| u,—|,
o ox oy ax "X ax) o Yay

(1)

where C is the concentrationy, v, are the velocity components ix, y direction
respectivelyw is the speed of the gravity fallout;is the parameter taking into account
the process of flocculation and decay; 1, —are the coefficients of turbulent diffusion
in X, ydirection respectivelys; , ¥ — are the Cartesian coordinates.

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

—inlet boundary1:|inlet =Cg, whereCg is the known concentration ( in the case

study of this paper it is dimensionless and equé&lt =100);
— outlet boundary: in numerical model the conditigii+1,j)=C(i,j) is used.

Here, C(i+1,)) is the concentration at the outletidary (this boundary condition means
that we neglect the process of diffusion at thasp).
Fluid Dynamic Model To simulate the flow in the horizontal settlee ttnodel of
potential flow. In this case the governing equatiof¥]
o%p _a2%p
- 44—
ox? 6y2
where P is the potential of flow. The componentshef water flow inside the settler are
calculated as follows [7]

:01

op 9P
ox' dy
The boundary conditions are discussed in [2].
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Numerical integration of the equatiango develop the numerical model the
following splitting of equation (1) is carried df:
oc duc d(v-wc
—+ +
Jt  0x 0 X

9c_0(, 0c), 0, oc
ot ox\"“ox) oayl"Yay

The following approximation of the first order deatives is fulfilled [7]:

+o0c=0,

n+l
aC _ Gij _QJ auC:au+C+au_C
ot At ’ ox  0x ox
avc:av+c+av‘c
dy 9y ay
u+ - u- v+ — V-
where:ut = M u = |q;v’Lz |\'1;v :—M
2 2 2
n+1 n+1
outc ul+quj Y G -1 4o+t
=3 C
0x AX
_ - 1 1
ou C _Uj GT?LJ —4j qn+ = Nt
= =L;C
0X AX
n+l_ n+1
6V+C vi, ]+1q q;] -1_ Cn+1
dy Ay by '

- n+1
ov C _ Yi, j+1q j 1 Yi Cfi _ | —cnh+l
oy Dy y= o
The second order derivatives are approximatedlhm/viog:
21 %)=r Chiy -G, G1h-ety
ox\"Xoax) X %

_Mx)pn+1+M X)er'l

AX? AX?
0 oC - Clnj +1 an+1 - qer—l (I: n+l n+l
—| Uy—|= - [ =M +M
ay( y ayJ Y Ay2 Y, Ay YS}: Y)p

,L L L L M oM
Here we use notation v=v-w. In these formuLIés X X etc.
are the notations of the difference operators.

After the approximation the solution of the diffece equation is splitted in 4 steps

[71:
— at the first stek ==

Cn+k .n
R 1(L ckel? ck)+_c|” 0;
At 2 y 21

— at the second stdp= n+%; c= n+711:
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k c
ct -G
GG +1(L)‘(Ck+|_‘ck)+fcik=0;

At 2 y 21

— at the third stefl = n+§1; c= n+%:

k_~C

ch -G

ST 3 - oyt ckem™ cComt ok,
At 2| xx yy yy

— at the fourth steg=n+1;c= n+£§1 :

ck _q.c
A Yy ekt cCemm cke Mt cll.
At 2\ xx XX yy vy

To solve the fluid dynamic equation of potentiadvil Samarskii A.A. implicit
difference scheme is used. On the basis of thelajgs® numerical model the code was
created using FORTRAN language.

Results. The developed CFD model was used to compute theeps of the water
purification in the horizontal settlers. Three smeéos were studied:

1. Horizontal settler having the typical form (Fig.1)

2. Horizontal settler havingertical plate, perforated plate and short weig(&)

3. Horizontal settler having vertical plate, perforh#ate and long weir (Fig.3)

The initial data were as following: the speed @ flow at the inlet plane is 0.1m/s;
w=0.001m/s; diffusive coefficients are equal tor@®; the length of the computational
domain is 9m, the width is 3m. Concentration at thket is equal to 100 (the
concentration is dimensionless).

In Fig.4 - 6 the dimensionless concentration indigle settlers is shown. These
figures allow us to see zones with different intgnaf water purification.

0 X

v

Fig. 2. Sketch of the computational domain:
1 — vertical plate; 2 — perforated plate; 3 — shortveir
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Fig. 3. Sketch of the computational domain:
1 — vertical plate; 2 — perforated plate; 3 — longveir

Fig. 4. Concentration field (first variant)

Fig. 5. Concentration field

Fig. 6. Concentration field

The proposed model allows to compute the concéortratt the outlet plane — the
most important information for the designers. As see from the figures, the outlet
concentration for the first scenario is 43 %, toe second scenario is 24%, for the third

scenario is 21%.

150



ISSN 2312 - 2897Bicuux Jlninponerposchkoro yHiBepcurery. Cepist «Mexanika». 2014 Ne5. Bum. 18, tom1

Worthy of note, that the computational time to sollke problem was about $6c
So the developed model can be used to predictaugokly the concentration field in the
settler having comprehensive geometrical formubare the 3-D CFD model is proposed
to be developed.
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NUMERICAL SIMULATION OF AIR JET SUPPLY TO REDUCE
CONTAMINATION NEAR THE BUILDING IN THE CASE
OF CHEMICAL OUTDOOR RELEASE

Po3po0JieHo 4nceNbHY MOAEIb A/ MOJACTIOBAHHA 3aXHCTy OyAiBJi Bil MOTPamJsiHHS B HbOIO
XiMiyHO He0e3meYHUX pPEYOBHH NLIAXOM 3aCTOCYBaHHS NOBiTpAHOI 3aBicu. Po3poOiena mopean
0a3yeTbesi HA YHCEJILHOMY IHTEIPyBAHHI PiBHAHHSA NePEeHOCY JOMIlIKH Ta MOJe/Ii MOTeHiaJbHOI Tevil.
Jlis 4yKceIbHOro iHTerpyBaHHS BHKOPHCTOBYHOThCS HesiBHi pisHuueBi cxemu. HaBeneno pesyiabraTn
Po3paxyHkiB Ha 6a3i po3po0.ieHol Moaeni.

KunrouoBi cioBa. 3abpynHeHHs aTMOc(epH, YUCeIbHE MOACTIOBAaHHS, 3aXUCT Oy/iBelb.

Pa3pa0oTaHa 4ucjeHHasi MOAEJIb ISl MOJAETMPOBAHUA 3AUIMTHI 3JaHUS OT MONAJAHUS B HEro
XMMHYECKH ONACHBIX BEUIECTB ITyTeM HCII0JIb30BAaHMSI BO3AYIIHOW 3aBechl. Papaforannast monenb
OCHOBbIBA€TCS HAa YHCJIEHHOM MHTEIDHPOBAHMM YPABHEHHsl IlepeHOCa NpHMeCH M MOJAeTH
NOTEHIHAJIBHOT0 TeyeHus. [lJIsl YHCJIEeHHOr0 MHTErPHPOBAHUS HCIOJIb3YIOTCS HesIBHbIe Pa3HOCTHbIE
cxembl. IIpuBe/ieHbI pe3yJIbTaThl PAcU4eTOB HA 6a3e pa3padoTaHHON MoJeJIN.

KiroueBble ciioBa: 3arpsisHeHHE aTMOC(Epbl, YUCICHHOE MOJICIMPOBAHHUE, 3all[UTa 31aHUH.
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