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MODELING OF BIOLOGICAL WASTEWATER TREATMENT ON THE
BASIS OF QUICK-COMPUTING NUMERICAL MODEL

Purpose. The scientific paper involves the development of quick computing numerical model for prediction of
output parameters of aeration tank. The numerical model may be used in predicting the effectiveness of aeration
tank under different regimes of work. Methodology. To simulate the process of biological wastewater treatment in
aeration tank numerical models were developed. The flow field in the aeration tank is simulated on the basis of po-
tential flow model. 2-D transport equations are used to simulate substrate and sludge dispersion in the aeration tank.
To simulate the process of biological treatment simplified model. For the numerical integration of transport equa-
tions implicit difference scheme was used. The difference scheme is built for splitting transport equations. Splitting
of transport equation into two equations is carried out at differential level. The first equation of splitting takes into
account the sludge or substrate movement along trajectories. The second splitting equation takes into account the
diffusive process of substrate or sludge. To solve the splitting equations implicit difference scheme was used. For
the numerical integration of potential flow equation the implicit scheme of conditional approximation was used. On
the basis of constructed numerical model computer experiment was performed to investigate the process of biologi-
cal treatment in aeration tank. Findings. Quick computing numerical model to simulate the process of biological
treatment in the aeration tank was developed. The model can be used to obtain aeration tank parameters under dif-
ferent regimes of work. The developed model takes into account the geometrical form of the aeration tank.
Originality. The numerical model which takes into account the geometrical form of aeration tank and fluid dynam-
ics process was developed; the model takes into account substrate and sludge transport in aeration tank and process
of biological treatment. Practical value. Efficient numerical model, so called «diagnostic models» was proposed for
quick calculation of biological treatment process in aeration tank.

Keywords: biological treatment; numerical simulation; aeration tank

Introduction y N
in, T 0ut_>
Aeration tanks (AT) are widely used in practice CZ — I —
for biological wastewater treatment at treatment ‘"j *9* T 5% H _["‘_ti
plants. AT are used for industrial or municipal j o g — & S g *2
wastewaters treatment and may work under dif- e e et i f
ferent regimes. There are different types of AT but
in practice so called «vitesnitel» AT (AT of dis- .
placement type) is often used: In this AT influent Fig. 1. Aeration tank «vitesnitel»
(waste waters) and sludge, which is used for bio- (AT of displacement type)
logical treatment, are supplied at one side of the ) )
AT (inlet boundary) and are discharged at the op- Literature review
posite side (outlet boundary) (Fig.1). Mathematical models which are used for aera-
tion tank calculation can be separated in some clas-
ses. First of all we have to mention empirical mo-
dels which were built on the basis of physical ex-
periments [5, 7]. These models have the form of
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simple algebraic formulae with some empirical
coefficients. These models are widely used in
Ukraine but for calculation of typical AT and for
the typical regimes of work for which the empirical
constants were obtained. We can’t use these mo-
dels for scientific research, for example, to predict
the output parameters after treatment in the case
which is out of the normal work of aeration tank.

The second class of the models includes mass
balance models. These models can be named «ze-
ro-dimentional» models. The balance models are
very popular [3, 4, 8, 17] and take into account
some important parameters of aeration tank work.
These models are based on the ordinary differential
equations which represent mass balance of sludge,
admixture or oxygen in aeration tank. These diffe-
rential equations can be solved analytically or nu-
merically (for example using Runge — Kutte me-
thod). Some commercial codes can be used to per-
form calculations on the basis of these models.
These models are very convenient for prediction of
aeration tank output parameters but the models do
not take into account the fluid dynamics process in
AT.

The models of the third class are based on
«one—dimentional» equations of mass transport to
simulate, for example, substrate dispersion in AT
[6, 9]. The modeling equations are solved analyti-
cally. Fluid dynamics is taken into account in these
models but for the case of constant velocity in AT.

CFD models are the most «powerful» models at
present time to solve the problems of wastewater
treatment [1, 2, 10, 12-15]. These models can re-
produce the flow field in the AT and admixture
transfer for different regimes of work with account
of AT geometrical form. As a rule the CFD expe-
riments are performed using commercial codes (for
example, ANSYS, Fluent) [11, 12, 16, 17]. CFD
experiments comprise of two steps. The first step is
computation of flow field. Very often this flow
field is computed using of Navier — Stokes equa-
tions. The second step is simulation of admixture
transfer on the basis of computed flow field. Ap-
plication of Navier-Stokes equations needs much
computing time (to solve some problems it may
take from 90h to some weeks to perform CFD ex-
periment). It is not convenient in case of many cal-
culations during AT design or at stage of AT re-
engineering.

Purpose

The purpose of this work is the development of
quick-computing numerical model to simulate the
process of biological wastewater treatment in
«vitesnitel» aeration tank (aeration tank of dis-
placement type).

Mathematical model

To simulate the process of biological treatment
in AT, at each time step of mathematical simula-
tion, we separate the process in two stages. At first
stage we consider the process of substrate and
sludge movement in the aeration tank. It is so
called «mass transfer» process. To simulate this
process we use the following 2-D transport equa-
tions (plan model) [7, 12]:

oC ouC ovC

EJFEJFW:diV(ngadC)’ @
§+%+%=div(ugrads), (2)

H
where C(x,y)zﬁjc(x,y,z)dz — is the aver-
0

aged concentration of substrate; H — is the depth
of the aeration tank (Fig.1);

H
S(x,y):&js(x, y,z)dz — is the averaged con-
0

centration of sludge for biological treatment;
u,v — are the flow velocity components in x, y di-

rection respectively; pu=(u,, u, ) — are the coeffi-

cients of turbulent diffusion in x, y direction re-
spectively; t —is time.

The boundary conditions for these equations
are as following:

1. at the inlet opening the boundary condition is

C=C,,S=S,, 3)

n?

where C,;,,S;, are known concentrations of sub-
strate and sludge respectively.
2. at the outlet opening the boundary condition

in the numerical model (Fig.2) is written as follows
C(i+1j)=C(ij),

S(i+1j)=S(ij), ®
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where C(i+1,j),S(i+1 j) are concentrations at

the last computational cell; C(i,j),S(i,j) are

concentrations at the previous computational cell.
Boundary condition (4) means that we neglect

the diffusion process at the outlet boundary.
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Fig. 2. Sketch of computational domain
3. at the solid walls the boundary condition is

C_085 4
on on
where n is normal vector to the boundary.
The initial condition, for t =0, is

C=C,S=S,.

where C,,S, are known concentrations of sub-

strate and sludge respectively in computational
domain.

At the second stage of mathematical simulation
we consider the biological process in the aeration
tank. To simulate this process in each computa-
tional cell inside the aeration tank we use the fol-
lowing simplified model

dC(t):_H(t)S(t), (5)
dt Y
ds(t
SO _uwyst), ®)
t
where p is biomass growth rate; Y is biomass

yield factor.

To calculate biomass growth rate Monod law is
used.

As the initial condition for each equation (5),
(6), at each time step, we use the meaning of C, S
obtained after computing Eq. 1, 2.

To solve Eq.1, 2 it is necessary to know the
flow field in aeration tank. To simulate this flow
field we use model of potential flow. In this case
the governing equation is

o°P  o°P
574_?:01 (7

where P is the potential of velocity.
The velocity components are calculated as fol-
lows:

@ o
ox' oy

Boundary conditions for equation (7) are [5]:

u

(8)

1. At the inlet boundary Z—sz , Where V is
n

known velocity.
2. At the outlet boundary P=const.

3. At the solid boundaries Z—P =0.
n

Numerical model

To perform numerical integration of governing
equations rectangular grid was used. Concentration
of substrate, sludge and P were determined in the
centers of computational cells. Velocity compo-
nents u, v were determined at the sides of computa-
tional cells.

To solve equation (7) we used the difference
scheme of «conditional approximation». To use
this scheme we wrote Eq. 5 in «unsteady» form

2 2

e _op P @
ot ox* oy?
where 1 is «fictitious» time.

It’s known that for t solution of Eq.9 tends to
the solution of Eq. 7.

We split the process of Eg. 9 in two steps and
difference equations at each step are as follows [4]:

n+l n n+l n+1 n+1 n+l
LRG| R HRaT | CRIP RG] (10)
At AX? AYy?
1
1 p"p 1 1 1 1
R

The calculation on the basis of these formulas
is complete if the following condition is fulfilled:

n+1 n
R =R

<g,
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where ¢ is a small number; n is iteration number.
Difference scheme of splitting (10), (11) is im-
plicit but unknown value of P is calculated, at each
step of splitting, using explicit formula of «running
calculationy. That is very convenient for pro-
gramming the difference formulae.
To solve Eq. 9 it is necessary to set initial condi-

tion for fictitious timet = 0. The initial condition is
P=PR),

where P, is known value of potential in computa-
tional domain.

If we know field of P in computational domain
we can compute velocity components at the side of
computational cells

PR

U; =T A (12)
v =R (13)
ij Ay

Main features of the implicit difference scheme
to solve numerically Eq. 1, 2 we consider only for
equation of substrate transport because Eq. 1 and 2
are similar from mathematical point of view. Before
numerical integration we split transport equation in
two equations. The scheme of splitting is as follows

oC auC avC _o, (14)
at ox ay
oC o oC o oC
— =—u— |+—| p—. (15)
ot ox\ ox) oy o0y

From the physical point of view, equation (14)
takes into account substrate movement along tra-
jectories, equation (15) takes into account the pro-
cess of substrate diffusion in aeration tank. After
that splitting the approximation of equation (12) is
carried out. Time dependent derivative is approxi-
mated as follows:

ac .
ot

+1
At
The convective derivatives are represented as:
ouC au'C ,uc
oX OX OX

ovC 8V+C 8v C

o oy
u-+u u—ju V+ (Vv
where u*zj, u = | | vt = | |
2 2
V=M
V =——,
2
- +1 +1
ou C u|+le|r1rlj |JC|n] _ L Cn+1
OX AX
8V+C ~ V:J+1C|,J _V::JCLJ*]. — L-;Cn+1,
oy Ay
e, Vi i~ ViiiGij =L,cm,
oy Ay

At the next step we write the finite difference
scheme of splitting:
— at the first step k=1/2:

+k
At
— at the second step k=1, c=n+1/2:

Ci—=Ci 1|k, ok
T+E(LXC +L,C*)=0.

+%(L;Ck +L,C*)=0;  (16)

(17)

This difference scheme is implicit and absolute-
ly steady but unknown concentration C is calcu-
lated using the explicit formulae at each step
(«method of running calculationy).

Further, Eq. (15) is numerically integrated us-
ing implicit difference scheme (10), (11). To solve
Eq. 3, 4 we used Eurler method. On the basis of
developed numerical model code «BIOTreat» was
developed. FORTRAN language was used to code
the solution of difference equations.

Description of computational procedure

Numerical solution of the whole problem is as
follows:

— Step 1. we compute potential P in aeration
tank (Eq. 8, 9)

— Step 2: we compute velocity components
(Eq. 10, 11)

— Step 3: we compute biological process in ae-
ration tank (Eq. 3, 4)

— Step 4: we compute substrate and sludge

doi: 10.15802/stp2018/124882
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transport in aeration tank (governing equations 1,
3; numerical equations 14, 15 (for C and S) and
Eqg. 8, 9 written for C and S)

— Step 5: for the next time level t, the computa-
tional procedure repeats from step 3.

Case Study. Developed code «BIOTrea» was
used to solve the following model problem. The
aeration tank is filled with sludge (concentration
So=2) and substrate (concentration C,=100) at time
t=0. All parameters of the problem are dimension-
less. During time period from t=0 till t=2 the inlet
and outlet openings are closed and no flow in the
aeration tank. It means that for this time period
only biological treatment takes place and we solve
only Eqg. 3, 4 of the model. At time t=2 the inlet
and outlet openings are open and the transport pro-
cess starts. At the inlet opening the substrate con-
centration is equal to C,=100 and sludge concen-
tration is equal to S,=2. Also at this time five
sources of sludge supply inside the aeration tank
starts to work with intensity Q;. Position of these
sources can be seen in Fig. 4 where the influence
of these sources results in local ‘deformation’ of
concentration field. This field has practically small
concentration  gradient in  aeration  tank
everywhere except points where sources of sludge
supply are situated.

In Fig. 3 we present sludge and substrate con-
centration change near the outlet opening of the
aeration tank (point A in Fig.4). From Fig. 3 we
can see that the process of biological treatment
accelerates from t=2 and concentration of sludge at
the outlet opening increases with time.
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Fig. 3. Sludge and substrate concentration
change near the outlet opening:
1 — substrate concentration; 2 — sludge concentration

In Fig. 4 the concentration field of sludge for
time step t=4 is shown. It is well seen the zones of
sludge sources influences. These zones have form
of circles.
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Fig. 4. Field of sludge concentration inside
the aeration tank, t=4:
1 — position of sludge supply sources

Findings

Quick computing numerical model was deve-
loped to simulate the wastewater treatment in aera-
tion tank. The model does not take much time be-
cause the fluid dynamics process is simulated on
the basis of potential flow model.

Originality and practical value

A new numerical model to predict the output
parameters of aeration tank was developed. The
model is based on the 2-D transport equations of
substrate and sludge and simplified equations of
biological treatment. The developed model takes
into account geometrical form of aeration tank.
The model can be useful in aeration tanks design.

Conclusions

The article contains results of numerical model
development for wastewater treatment in «vitesni-
tel» aeration tank (aeration tank of displacement
type). To simulate the process of biological treat-
ment 2-D transport equations of substrate and
sludge are used together with simplified models of
biological treatment. The future work in this field
will be connected with development of fluid dy-
namics model which takes into account oxygen
transfer in the aeration tank.
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MOJEJIIOBAHHAA BIOJIOFI‘IHOT O4YUCTKHU CTIYHUX BOJ HA
OCHOBI HIBUIAKOATIOYOI YUCEJIBHOI MOJEJII

Meta. HaykoBa poGora nepenbayae po3poOKy MIBUAKOAIIOYOT YUCETBHOT MOJIEN JUIsl NPOTHO3yBaHHSI BUXITHUX
napaMeTpiB aepoTeHka. YucenabHy MOJIeNIb MOYKHA BUKOPHCTOBYBATH ISl IIPOTHO3YBaHHs €(DEKTUBHOCTI aepOTEHKa
NP Pi3HUX pexxumax podoru. Meroauka. /11 MoeroBaHHs npoliecy 010JI0TIUHOT OYMCTKU CTIYHUX BOJ B aepo-
TeHKaxX OyJu po3pobieHi yhcenbHi Mojei. [Tosie MOTOKY B aepOTEHKY BiATBOPIOETHCS HA OCHOBI MOJIEII MOTEHITIH-
Hoi Tedii. 2-D piBHSIHHS MacONePEeHOCY BUKOPUCTOBYIOTHCS JJIsl MOJICIIOBAHHS PO3CiOBaHHs cyOcTpaty i myiy. J{ist
MOJICJIFOBAHHS MPOIIeCy 0i0JIOTiYHOT 0OPOOKH 3aCTOCOBYETHCS CIPOIICHA MOJEIb. J[JIsl YHCENBHOTO IHTETPYBAHHS
PIBHSHB NEPEHOCY BXKMBAacs HEsIBHA pi3HMIIEBA cxeMa. Pi3HHIeBa cxema moOynoBaHa ISl PO3LICIUICHHS PiBHSHb
nepeHocy. Po3niennieHHs piBHSIHHS MEPEHOCY 3IIHCHIOEThCS Ha JIBa PIBHAHHS Ta BUKOHYETHCS Ha TU(epeHIialbHO-
My piBHi. [lepire piBHIHHS PO3IICIUICHHS BPaXOBYE PyX MyIy a00 cyOCTpary IO TpaeKTopisx, a Apyre — nudy3Huit
nporec MepeHEeCeHH s JOMIIIKH 1 Myiy. s BUpIICHHS PIBHAHB PO3LICIVICHHS BHKOPHCTOBYBAJIacs HESIBHA Pi3HH-
neBa cxema. J{Jis 9uceNbHOrO iHTerpyBaHHS PiBHAHHS IOTEHLITHOT Tewii 3aCTOCOBYBaslacs HEsIBHA CXeMa YMOBHOT'O
HaOmkeHHs. Ha ocHOBI OOYZIOBaHOI YMCENBHOI MOl OYB BUKOHAHUI KOMITIOTEPHHN €KCHEPUMEHT IUIS JTOCIi-
JOKEGHHS IIpoIiecy 010JI0T1YHOT OYMCTKU B acpOTeHKY. PesyabraTn. Po3pobiieHa uynucensHa MOJIEINb TO3BOJISIE IIBUI-
KO MOJICIIIOBATH Tpoliec 0i10JIOTIYHOI OYUCTKH B aepOTEHKY. Moienb MOKe BUKOPHCTOBYBATHCS JUISl OLIHKH e(ek-
TUBHOCTI POOOTH aepOTEHKIB IPH PI3HUX peXkuMax podotu. Po3pobieHa Mozaenb BpaxoBye reoMeTpudHy (opmy
aeporenka. HaykoBa HoBH3Ha. Po3po0iieHO uncenbHy MOJENb, 110 BPaXOBYE reOMETpUYHy (HOpMY aepoTeHKa Ta
IpolLeC TUHAMIKH PIIMHH, a TAaKOXK Ipolec pyXy cyOcTpary i Myiy B aepoTeHKy. [IpakTnyna 3HauuMicTh. 3anpo-
MOHOBaHO eheKTHBHY YHCeNbHY MOJIenb Kinacy «diagnostic modelsy» st mBuaKoro po3paxyHky mpotiecy Giomoriy-
HOT OYHCTKH B aePOTCHKY.

Knrouogi crosa: 6i070rivHa 0YUCTKA; YHCETBHE MOJICIIOBAHHS, aCPOTEHK
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MOIEJNPOBAHUE BHOJ}OFH‘IECKOIZI OYUCTKHU CTOYHbIX BOJ]
HA OCHOBE BBICTPOAENUCTBYIOIIEN YNCJIEHHOU MO/JIEJIN

Heab. Hayunas paboTa npeanonaraet pa3paboTKy OBICTPOAECHCTBYIONIEH YHCIEHHOW MOJIENHN JIsl IPOTHO3UPO-
BaHHWA BBIXOAHBIX IMapaMETPOB a3pPOTCHKA. I‘II/IC.]'IEEHHyIO MOJAECJIb MOXXHO HCIIOJIB30BATh JISA IMPOTHO3UPOBAHUA 3(1)-
(EeKTUBHOCTH a3pOTEHKA MPH Pa3NIMYHBIX pexuMax padotel. MeTommka. [[iis MoaenupoBaHus mpoiecca OUOJIOTH-
YECKOH OYMCTKHM CTOYHBIX BOJ B adpPOTCHKE OBUIM pa3paboTaHBI YUCICHHBIE Mojenu. [loje moToka B aepoTeHKE
BOCIIPOM3BOANTCS Ha OCHOBE MOJICNH MOTEHIMANBHOTO TeueHus. 2-D ypaBHeHHs MaccomepeHoca UCIONB3YIOTCS
JUTS MOJICIIUPOBAHUSI pacceuBaHus cyOcTpaTa u wia. /s MonenupoBaHus Mporecca OUOIOTHISCKOW OYHCTKU HC-
I0JIb3YETCSl YIPOILUEHHasi MOAeIb. J{JIsl YHCIEHHOTO MHTETPUPOBaHUS YpaBHEHHUM MepeHoca MpUMEHsIach HesiBHAs
pa3zHocTHast cxema. Pa3HOCTHas cxema MmocTpoeHa Ui paclllelUIeHus ypaBHEHUH nepeHoca. Pacuiensenue ypaBHe-
HUS TIepeHOCa OCYIIECTBIIICTCS Ha JIBa ypaBHEHUS M BBITIONHsETCS Ha auddepeHnnanpHoM yposHe. IlepBoe ypas-
HEHHUE pacCIleIJICHHUsI YYUTHIBAET JBIKEHUE HJIA MM CyOCcTpaTa Mo TPaeKTOpUsIM, a BTopoe — TudGy3nOHHBIN MPo-

doi: 10.15802/stp2018/124882 © M. M. Biliaiev, M. V. Lemesh, 2018

21



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

Hayka Ta nporpec Tpancrnopty. BicHuk J{HiponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 1 (73)

EKOJIOI'I HA TPAHCIIOPTI

L[ecc NnepeHoca npuMecH U uia. [{ns penieHus ypaBHEHUH pacllelieHus UCI0Ib30Balach HesIBHAsI pa3HOCTHAs CXe-
Ma. Iy 4UCIIEHHOTO MHTETPUPOBAHUS YPABHEHUs MOTEHIMAIBHOTO TEUCHHS NPUMEHSIACh HEsIBHAsl CXeMa YCIIOB-
Horo mpubmmkeHns. Ha ocHOBe OCTpOGHHON YHCICHHON MOJENH ObUI BHITIONHEH KOMITBIOTEPHBIH SKCIIEPUMEHT
IUTA WCCIEJIOBAaHUS TIpoliecca OMOJIOTHMYECKONW OYHCTKH B a’poreHke. PedyiabTaTrhl. PaspabortanHas ObIcTpozeii-
CTBYIOIAsl YUCIICHHAs MOJEIb MO3BOJISIET OBICTPO MOAEIHMPOBATH IPOLECC OMOJIOTNYECKONH OYHCTKH B a3POTECHKE.
Mogens MOKET HCIIONB30BAThCS U OICHKH 3()()EeKTHUBHOCTH pabOTHl aepOTEHKA IMPH PA3HBIX PEXHUMax padOTHI.
PazpaboTanHas Mopenb YYMTHIBAET TEOMETPHUYECKYl0 (opMmy a’poreHka. Hayunasa HoBu3Ha. Paspaborana
YHUCJIEHHAsT MOJENIb, YYUTHIBAIOIIAS TEOMETPHUYECKYI0 (OPMY a’pOTEHKa M IPOLECC IUHAMHMKU JKUJIKOCTH;
a TaKKe TIpolecc JABWXKEHHS cyOcTpata M Wia B a’pOTEHKE M Mpolecc OHOJIOTMYECKOH OYMCTKH.
IpakTuyeckas 3HAYMMOCTh. [IpemnokeHa s dexTrBHas dnciaeHHas Mmonedb kiacca «diagnostic models» ms
ObICTPOro pacuera mporecca OHOJIOrMYECKOH OYUCTKH B a3POTEHKE.
Kniouesvie crosa: Guonoruueckas OUMCTKA; YUCICHHOE MOJETIUPOBAHUE; a3POTEHK

REFERENCES

1. Biliaiev, N. N., & Kozachina, V. A. (2015). Matematicheskoe modelirovanie massoperenosa v gorizontalnykh
otstoynikakh. Dnepropetrovsk: Aktsent PP. (In Russian)

2. Biliaiev, N. N., & Nagornaya, E. K. (2012). Matematicheskoe modelirovanie massoperenosa v otstoynikakh
sistem vodootvedeniya. Dnepropetrovsk: Novaya ideologiya. (In Russian)

3. Gornostal, S. A, & Uvarov, Yu. V. (2011). Issledovanie zavisimosti kontsentratsii zagryazneniy v
ochishchennoy vode na vykhode iz aerotenka v protsesse biologicheskoy ochistki. Problemy nadzvychainykh
sytuatsii: zbirnyk naukovykh prats, 14, 65-69. (In Russian)

4. Kozachek, A. V., Avdashin, I. M., & Luzgachev, V. A. (2014). Issledovanie matematicheskoy modeli
protsessa aerobnoy ochistki stochnykh vod kak stadiya otsenki kachestva okruzhayushchey vodnoy sredy.
Vestnik Tambovskogo tekhnicheskogo universiteta. Seriya: Yestestvennye i tekhnicheskie nauki, 19(5), 1683—
1685. (In Russian)

5. Kolobanov, S. K., Yershov, A. V., & Kigel, M. Ye. (1997). Proektirovanie ochistnykh sooruzheniy kanali-
zatsii. Kiev: Budivelnik. (In Russian)

6. Oliinyk, O. Ya., & Airapetyan, T. S. (2015). The modeling of the clearance of waste waters from organic pol-
lutions in bioreactors-aerotanks with suspended (free flow) and fixed biocenoses. Dopovidi natsionalnoi aka-
demii nauk Ukrainy, 5, 55-60. doi: 10.15407/dopovidi2015.05.055 (In Ukranian)

7. Karelin, Ya. A, Zhukov, D. D., Zhurov, V. N., & Repin, B. N. (1973). Ochistka proizvodstvennykh stochnykh
vod v aerotenkakh. Moscow: Stroyizdat. (In Russian)

8.  Sviatenko, A. I, & Kornienko, L. M. (2009). Vazhlyvist urakhuvannia osoblyvostei biolohichnoho
ochyshchennia v aerotenkakh dlia polipshennia pokaznykiv yikh roboty. Ekolohichna bezpeka, 4(8), 93-96.
(In Ukranian)

9. Oleynik, Ya. A., Kalugin, Yu. I., Stepovaya, N. G., & Zyablikov, S. M. (2004). Teoreticheskiy analiz
protsessov osazhdeniya v sistemakh biologicheskoy ochistki stochnykh vod. Prikiadna gidromekhanika, 6(78),
4, 62-67. (In Russian)

10. Biliaiev, M. M., & Kozachyna, V. A. (2015). Numerical determination of horizontal settlers performance. Sci-
ence and Transport Progress, 4(58), 34-43. doi: 10.15802/STP2015/49201. (In English)

11. Foat, T. G., Nally, J., & Parker, S. T. (2017). Investigating a selection of mixing times for transient pollutants
in mechanically ventilated, isothermal rooms using automated computational fluid dynamics analysis. Building
and Environment, 118, 313-322. doi: dx.doi.org/10.1016/j.buildenv.2017.01.011. (In English)

12. Hadad, H., & Ghaderi, J. (2015). Numerical Simulation of the Flow Pattern in the Aeration Tank of Sewage
Treatment System by the Activated Sludge Process Using Fluent Program. Biological Forum, 7(1), 382-393.
(In English)

13. llie, M., Robescu, D. N., & Chita, G. (2009). Modeling and simulation of Organic Matter Biodegradation Pro-
cesses in Aeration Tanks with Activated Sludge. Revista de chimie (Bucureti-Romdnia), 60(5), 529-532. (In
English)

14. Kozachyna, V. A. (2016). Investigation of admixture sedimentation in the horizontal settler. Science and
Transport Progress, 4(64), 7-14. doi: 10.15802/stp2016/77827. (In English)

15. Mocanu, C. R., & Mihailescu, R. (2012). Numerical simulations of wastewater treatment aeration processes.
U.P.B. Scientific Bulletin, Series D, 74(2), 191-198. (In English)

doi: 10.15802/stp2018/124882 © M. M. Biliaiev, M. V. Lemesh, 2018

22


https://doi.org/10.15407/dopovidi2015.05.055

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

Hayka Ta nporpec Tpancrnopty. BicHuk J{HiponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 1 (73)

EKOJIOI'I HA TPAHCIIOPTI

16. Masmoudi, S., Kallel, A., Taieb, D., & Kachouri, A. (2017). Modeling based decision for smart city environ-
mental alert system for accidental air pollution. International Conference on Smart, Monitored and Controlled
Cities (SM2C), Kerkennah, Tunisia, February, 17-19, 96-100, doi: 10.1109/SM2C.2017.8071826. (In English)

17. Ki-Eun Kim, Ja Eun Jung, Yunah Lee, & Dong Soo Lee (2018). Ranking surface soil pollution potential of
chemicals from accidental release by using two indicators calculated with a multimedia model (SoilPCA).
Ecological Indicators, 85, 664-673. doi: //doi.org/10.1016/j.ecolind.2017.11.010. (In English)

Prof. S. A. Pichuhov, Dr. Sc. (Phys.-Math.) (Ukraine) recommended this article to be published

Received: Oct. 04, 2017
Accessed: Jan. 05, 2017

doi: 10.15802/stp2018/124882 © M. M. Biliaiev, M. V. Lemesh, 2018

23





