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Practical significance. 3D numerical model is proposed for assessing the territorial risk in a build-
ing environment. The model is based on the numerical integration of the equation of mass transfer
of hazardous substances in the presence of buildings.
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SIMPLIFIED MODEL TO SIMULATE THE AERATION TANK WORK

Hean. Lenbro paboThI ABISETCS CO3MAHUE OBICTPO CUMTAIOIICH KOMITHIOTSPHON MOJICIHN ISl OIICH-
KU 3 (eKTUBHOCTH pabOTHI a3poTeHKa. Moiellb OpUEHTUPOBAHA Ha 3KCIPECC MPOTHO3 3HAYEHUs KOH-
LEHTPALUH 3arPSI3HSIOLIETO BEIIECTBA, aKTUBHOT'O M1 M KUCIIOPOJHOIO PEKUMA B a9POTEHKE.

MeTtoauka uccJIeOBAHMH COCTOUT B NPUMEHEHHHM METOAA YHMCIECHHOTO WHTETPUPOBAHUS
OOBIKHOBEHHBIX JU(PPepeHInanbHbIX YPaBHEHHUH, KOTOPbIE OMUCHIBAIOT U3MEHEHUSI KOHIICHTPAIIU!
3arpsI3HAIOLIETO BEIIECTBA, aKTMBHOI'O MJIa M PACTBOPEHHOIO KHCIOpOAa B a’poTeHke. s dwmc-
JIEHHOTO MHTErPUPOBAHUS MOJAEIUPYIOLIUX YPaBHEHUH HCIONb3yeTcs MeTon Ditnepa. Monenupy-
IOLIME YpaBHEHUs BKJIIOYAIOT B ce0sl mapaMeTphl, YUYUTHIBAIOIIME POCT OAKTEpHIl aKTMBHOTO WA,
OTMHpaHHe OakTepuil aKTUBHOTO WJla, U3MEHEHHE KUCIOPOIHOrO PEKHMa, 3a CHYEeT MOTpeOIeHUs
KHCJI0poAa OaKTepUsIMHU aKTUBHOTO MJIA.

PesyabTaTsl ucciegosanus. [loctpoena MatemaTudeckasi MOJIEIb, MTO3BOJISIIONIAS B TEUEHUE
HECKOJIbKUX CEKYHJI OLIEHUTh 3((EKTUBHOCTh PaOOTHl a9POTEHKA C YUETOM BIIMSHUS Ha MPOLECC
OMOJIOTrMYECKON OYMCTKH CTOYHBIX BOJ CJIEAYIOIIMX MapaMeTpoB: KOHIEHTpALUs aKTMBHOIO WA,
pPacTBOPEHHOTO B BOJE KHCIOPOJA, KOHLIEHTPALMK 3arps3HSIONIETO BEIIECTBA B CTOYHOH BOJE.
BrimonHena nporpaMMHasi UMILIEMEHTALMs pa3paOb0oTaHHON YHCICHHONW MOJIEIH.

Hayuynasi HoBu3Ha. [IpeiosxeHa HoBas 3P PeKTUBHAS YHCICHHAs MOJIENb IS OLIEHKH 3 dek-
TUBHOCTH OMOJIOTMYECKON OYMCTKU CTOYHBIX BOJ B a’spoTeHKe. OCOOEHHOCThIO MOJIENH SIBIISIETCS
JOCTaTOYHO IMOJIHBIA y4eT OCHOBHBIX (PM3MYECKHX (aKTOPOB, BIHUSIOUIMX HA MpoIecc Ouosornye-
ckoil ounctku. OCHOBY MOJIENM COCTaBJISIOT OajlaHCOBbIE ypaBHEHUs ISl KOHLEHTpALUU 3arpsi3-
HSIOILETO BEIIECTBA B CTOYHOM BOJE, aKTUBHOTO MJla U PACTBOPEHHOI'O B BOJIE KMCIIOPO/aA.

IIpakTuyeckoe 3HauyeHue. Pazpaborana maremarnyeckass MOJAEb JUIsl OLIEHKU 3((HEKTUBHO-
CTH paboThl a’poTeHKa. BrIMonHeHa nmporpaMMHas peajin3alus MOJIeIM B BHJIE MaKeTa MPUKIa-
HBIX MporpaMM. Mojenb MO3BOJISIET ONEPATUBHO MPOBOJAUTH CEPUMHBIE PACUETHl MO aHAINU3Y U
MPOTHO3Y APPEKTUBHOCTH OMOIOIMYECKON OYMCTKU CTOYHBIX BOJ B @9POTEHKAX C y4ETOM OCHOB-
HBIX (U3UYECKUX MMapaMeTPOB, BIUSIOUINX Ha paboTy a’spoTeHka. Pa3paboranHas MareMaTH4ecKas
MOJIEJIb MOKET OBbITh HCIOJIB30BaHA ISl aHAIM3a PA0OTHI HOBBIX a3POTEHKOB MIIU MPU PEKOHCTPYK-
UM yX€ CYIIECTBYIOLIUX a’dpOTeHKOB. IIpencraBieHbl pe3ysbTaTbl BBIUHUCIUTEIBHOTO JKCIEPHU-
MEHTa, POBEICHHOT0 Ha 0a3e pa3padOTaHHON MaTeMaTUYeCKOH MOIEIIH.

Knwoueswvie cnosa: aspomenk, cmounvle 800bl, MAMEMAMUYECKOE MOOETUPOBAHUE.
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Exonoeis ma oxopona npayi

Introduction. Wastewater treatment plants are carried out biological treatment
using microorganisms. This treatment takes part in aeration tanks. Aeration tanks can
work under different regimes Colonies of microorganisms in aeration tank are called
activated sludge. It is well known that this activated sludge contains different micro-
organisms which form a complicated ecological microsystem. These microorganisms
are born live and die in aeration tank. Change of aeration tank regime can change mi-
croorganism treatment performance and this results in efficiency of aeration. Another
important side of this problem is oxygen transfer process. This is a process by which
oxygen is transferred from the gaseous to the liquid phase. Concentration of dissolved
oxygen in wastewater is very important for microorganisms and influences the effi-
ciency wastewater treatment processes. Oxygen is supplied by means of special
equipment which supplies air or pure oxygen bubbles in to aeration tank. Prediction
of dissolved oxygen concentration and it’s change during different regimes of aera-
tion tank.

So it is important to predict their efficiency beforehand. For practice it is very
important to have a set of mathematical models to solve this problem. These models
must take into account the main physical processes and be convenient for PC imple-
mentation.

Literature review. Aeration tanks are widely used for wastewater treatment at
different enterprises (fig.1).

Fig. 1. Aeration tanks

The process of biological treatment of wastewater in aeration tank is very com-
plicated and includes a lot of factors which influence the efficiency of wastewater
treatment. Some factors are not clear now days. To simulate the wastewater treatment
the engineers use different models, for example, empirical models, mass balance
models, one-dimensional equations of mass transport and CFD models [1-11]. CFD
models are the most powerful tool of mathematical simulation. CFD numerical exper-
Iments comprise of two steps. The first step is computation of flow field. Very often
this flow field is computed using of Navier-Stokes equations. The second step is sim-
ulation of admixture transfer on the basis of computed flow field. Application of Na-
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vier-Stokes equations needs much computing time. It is not convenient in case of
many calculations during aeration tanks design or at stage of aeration tanks re-
engineering. For “pilot” calculations we must have mathematical models which are
convenient for practical application and do not consume much computer time.

Goal. The goal of this work is the development of mathematical model to simu-
late the process of biological wastewater treatment aeration tank.

Mathematical model. To develop quick computing model for prediction of aer-
ation tank efficiency we used ideas described in [10, 11]. Sketch of aeration tank is
shown in fig.2.

T Ve wTr

Fig. 2. Sketch of aeration tank: 1 — air supplier

Process of biological treatment in aeration tank is described on the basis of mass
balance equations for sludge, substrate and dissolved oxygen in aeration tank

A€ Ar 1) Ay A0
V= Cin(t)-QC -V s (1)
V2 = QSin(t) Q8 +Va(t)s ~VKyS @)
VC“;)—OIQDO|N —QDO+
t (3)

+V - KLa(DOSAT - DO)—V %t)s,

where C — is the averaged concentration of substrate in outlet opening of aera-
tion tank. It is supposed that due to well mixing in aeration tank this concentration is
equal to the concentration of substrate inside aeration tank. It is a well known disad-
vantage of all balance models;

S —is the averaged concentration of sludge;

DO - is averaged concentration of dissolved oxygen in water;

DOgat — is saturation concentration of oxygen in water,

L — 1s biomass growth rate;

Y —is biomass yield factor;
V —is volume of aeration tank;
Q - is wastewater flow;
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K| a —is dissolved oxygen mass transfer coefficient;

Kg - Is coefficient which takes into account death of biological organisms;

t —is time.

Eqg.(1) describes substrate change vs time in aeration tank, Eq.(2) describes
sludge concentration change vs time in aeration tank and Eq.(3) describes change of
dissolved oxygen vs time. To calculate biomass growth rate Monod law was used.

Every equation from this set of equations is used with the proper initial condi-
tion which is formulated for time level t =0. For example, the initial conditions may
be as follows: C =Cq,S =Sp, DO = DO for t =0.

Numerical integration. Numerical integration of governing equations is per-
formed using Eurler’s method. Of cause it is possible to choose another numerical
method having more accuracy than Eurler’ method but we must take into account that
this class of problems has input data which we know approximately.

On the basis of developed numerical model code ‘BIO-7" was developed.
FORTRAN language was used to code formulae of numerical integration of govern-
ing equations.

In fig. 3, 4 we present some results of mathematical simulation on the basis of
developed model. We used, partially, data from [11, 12] and data from known
sources which were available for authors and obtained in Oblvodchoz. Results are
presented in dimensionless form. We simulated the case when initial concentration
(at time t=0) of substrate was equal to Cy =100 and sludge concentration was

equal to Sg =20.

In fig. 3 we present substrate concentration change vs time in aeration tank.
From Fig. 1 we the typical behavior o substrate concentration — it drops during time.
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Fig. 3. Substrate concentration vs time (parameters are dimensionless)
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In fig. 4 we see substrate concentration change vs time.
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Fig. 4. Sludge concentration vs time (parameters are dimensionless)

To solve numerically problem it took 1s of PC time.

Conclusions. Mathematical model was developed to compute wastewaters
treatment in aeration tank. To simulate the process of biological wastewaters treat-
ment mass balance equations of substrate, dissolved oxygen, sludge change in aera-
tion tank were used. The modeling equations can simulate aeration tank behavior un-
der different regime of work. It is important for engineers who design aeration tanks
and have to simulate different practical situations. The future work in this field will
be connected with development of 3D fluid dynamics model which takes into account
oxygen transfer in the aeration tank.
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AHOTALIA

Meta. MeToro poOOTH € CTBOPEHHS KOMIT'FOTEPHOI MO TSl OLIHKK €(eKTHBHOCTI pOOOTH aepo-
TeHKa. MoJieslb OpieHTOBaHA Ha EKCIpeC MPOrHO3 3HAUCHHS KOHIIEHTpaIllii 3a0pyIHI0I0401 pe4oBH-
HU, aKTUBHOTO MYJTYy 1 KHCHEBOTO PEKHUMY B a€POTEHKY.

MeTtoanka A0CIiKeHb TOJIATaE B 3aCTOCYBaHHI METOAY YMCEIBHOTO IHTETPYBaHHS 3BUYAHHUX
nudepeHiiaTbHUX PiBHSAHB, K1 OMUCYIOTh 3MIHU KOHIIEHTpaIlli 3a0pyqHIOI0UO0i peYOBUHHU, AKTHB-
HOTO MYJY 1 PO3UMHEHOTO KHCHIO B a€pOTEHKY. J[JIsl YMCenbHOTO IHTErpyBaHHS PiBHSHb BUKOPHC-
ToBYyeTbcs MeTon Eiinepa. Mojientoroui piBHSHHS BKJIIOYAIOTh B ce0e MmapaMeTpH, 110 BPaXOBYIOTh
3pocTaHHs OakTepili aKTUBHOTO MyJly, BIIMUpPAaHHS OakTepiil akTHBHOI'O MYIy, 3MIHY KHCHEBOTO
PEeXUMY, 32 paXyHOK CHIOXKHBAHHS KUCHIO OAKTEpisIMU aKTUBHOT'O MYITY.

PesyabTaTn pocaimkenHs. [1o0ynoBaHo MareMaTUYHY MOJENb, IO JI03BOJISIE MPOTITOM JIE€KiIb-
KOX CEKYHJI OLIHUTU €(PEeKTUBHICTh POOOTH a€pOTEHKY 3 ypaxyBaHHSIM BIUIMBY Ha Iporec 010Jori-
YHOT'O OYMIIEHHS CTIYHUX BOJ HACTYIHHUX IapaMeTpiB: KOHILEHTpallisl aKTUBHOTO MYJy, pO3YHHe-
HOT'O y BOJII KMCHIO, KOHIIEHTpaIlil 3a0pyAHI0I04Y0i pEeYOBUHHM B CTI4HIN BoJ1. BukoHaHa mporpaMHa
IMIUIEMEHTAIlisl PO3pOOIEHOT YHCENBbHOT MOIEITI.

HayxoBa HoBH3HA. 3ariponoHOBaHO HOBY €(EKTUBHY YMCEIbHY MOJENb Ui OLIHKH e()eKTUBHOCTI
010JIOTIYHOI OYMCTKH CTIYHUX BOJ| B aepoTeHKY. OCOOIUBICTIO MOJIENI € IOCUTh TOBHUM 00JIIK OCHOB-
HUX (i3MYHUX (DAKTOPIB, 110 BILITMBAIOTH Ha Ipoliec 0ionoriyHoro ouunineHHs. OCHOBY MOJIENi CKJla/ia-
10T OaJlaHCOBI PIBHAHHS JUIsl KOHLIEHTpAL] 3a0pyIHIOIOYUX PEYOBUHU B CTIUHIN BOJI, aKTUBHOT'O MYJTY
1 PO3UMHEHOT0 Y BOIi KUCHIO.

IIpakTuyHe 3HayeHHs. Po3pobieHo MaTeMaTHYHy MOJIENb JUIs OLIHKKA €(EeKTUBHOCTI poOOTH aepo-
TeHka. BukoHaHa nmporpamMHa peastizailis MOJIeNl Y BUIIA/I TakeTa NpUKIagHuX nporpam. Mojens Jo-
3BOJISIE ONEPATHBHO IPOBOJUTH CEPiifHI PO3PAaXyHKH 3 aHaJi3y 1 MPOrHO3y e(peKTUBHOCTI 610JI0TiYHOT
OYMCTKHU CTIYHHMX BOJI B a€POTEHKAaX 3 ypaxyBaHHSIM OCHOBHUX (pI3UUHMX MapaMEeTpiB, L0 BILIMBAIOThH
Ha poboTy aeporeHka. Po3pobieHa MaTeMaTnuHa MOJIeNIb MOXKe OyTH BUKOPUCTaHA ISl aHali3y poOo-
TH HOBUX aepOTEHKIB a00 MpH PEeKOHCTPYKIT BXKe ICHYIOUMX aepoTeHKiB. [IpeacraBneni pe3ynabraTu
00UHCITIOBAIIEHOTO €KCTIEPUMEHTY, IPOBEICHOT0 Ha 0a3i po3po0ieHoT MaTeMaTUIHOT MOJIETI.

Knrwuoei cnoea: aepomenk, cmiuni 600u, mamemamuyre MoOen08aHHs
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ABSTRACT
Purpose. The purpose of the work is to create a fast computing model for evaluating the efficiency
of the aeration tank. The model is oriented to the express forecast of the concentration of pollutant,
activated sludge and oxygen regime in the aeration tank.

Methodology. The research method consists in applying the method of numerical integration of or-
dinary differential equations that describe the changes in the concentration of pollutant, activated
sludge and dissolved oxygen in the aeration tank. For the numerical integration of modeling equa-
tions, the Euler method is used. Modeling equations include parameters that take into account the
growth of active sludge bacteria, the dying off of activated sludge bacteria, the change in the oxy-
gen regime, due to oxygen consumption by active sludge bacteria.

Results. A mathematical model is constructed that allows to estimate the efficiency of the aeration
tank in a few seconds, taking into account the influence of the following parameters on the process
of biological treatment of wastewater: concentration of activated sludge, dissolved oxygen in water,
concentration of pollutant in sewage. The program implementation of the developed numerical
model has been completed.

Scientific novelty. A new effective numerical model for estimating the effectiveness of biological
wastewater treatment in an aeration basin is proposed. The peculiarity of the model is a fairly com-
plete account of the main physical factors affecting the process of biological treatment. The basis of
the model is balance equations for the concentration of pollutant in waste water, activated sludge
and dissolved oxygen in water.

Practical significance. A mathematical model is developed to evaluate the efficiency of the aera-
tion tank. A software implementation of the model in the form of a package of applied programs
was carried out. The model allows us to promptly conduct serial calculations on the analysis and
forecast of the effectiveness of biological treatment of wastewater in aerotanks, taking into account
the basic physical parameters that affect the operation of the aeration tank. The developed mathe-
matical model can be used to analyze the operation of new aerotanks or in the reconstruction of ex-
isting aerotanks. The results of a computational experiment based on the developed mathematical
model are presented.

Keywords: aeration tank, wastewater, mathematical simulation
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