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Mozenb 103BOJISE y’Ke MIBHIKO PO3PaxyBaTH MHOJE MH-
JIOBOTO 3a0pyaHeHHs. HaBeneHo omuc anropuT™My po3B's-
3aHHS 33/1a4i TI0 OIHIN PiBHA 3a0pyJHEHHS HOBITPSIHOTO
cepenoBmia Ours BigBay. [IpencraBieni pe3ymbraTe 00-
YUCITIOBAJIBHOTO eKCIICPHMEHTY.
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A 2D numerical model is proposed for estimating the
level of air pollution near the mile piles. The developed
numerical model is based on equation of pollutant trans-
fer in atmosphere. To solve the modelling equation im-
plicit difference scheme is used. The numerical model
makes allows quickly to compute the field of dust pol-
lution near mine piles. A description of the algorithm
for solving the problem of assessing the level of air pol-
lution near mine piles is considered. The results of the
computational experiment are presented.
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SIMULATION OF POLLUTION DISPERSION FROM ROAD TRAFFIC

Development of numerical model, which allows quick computation air pollution in streets from vehicles. The constructed
model based on the equation for the velocity potential (the model of the irrotational flow) and the mass transfer equation.
The equation for the velocity potential is used to calculate the velocity field of the air flow in the presence of cars on the
road. To solve the equation for the velocity potential, an implicit difference scheme of "conditional approximation" is
used. For numerical solution of the mass transfer problem, an implicit alternate-triangular difference scheme is used. The

developed model allows to estimate the sizes, the form and intensity of a zone of pollution at a motorway.
Keywords: pollution of the atmosphere; emissions from vehicles; numerical simulation.

Introduction. Road traffic is an inten-
sive source of air contamination in streets.
Road traffic emitt different pollutants which
include carbon monoxide, nitrogen oxides,
particulate matter, etc. Changing in city infra-
structure will influence the traffic intensity in
streets and results in new level of contamina-
tion. This level must be predicted at the stage
of project developing. Application of physical
modeling, in this case, is very expensive [8].
More convenient is mathematical simulation.
For quick prediction empirical models are
used [1]. These models are convenient in prac-
tice, especially when we must run many “pi-
lot” calculations. The lack of these models is
that they do not take into account geometrical
“features” in streets (presence of vehicles, etc).

Application of CFD models allow to ob-
tain practically all necessary information
about air contamination in streets [1,2,6, 8-10].
A lot of modern CFD models are based on Na-
vier — Stokes equations coupled with turbulent

models. Worthy of note, that application of
Navier — Stokes equations needs application of
very fine computational grid during the com-
putational experiment to simulate in detail the
process of vortexes formation and their disper-
sion and interaction in the region having com-
prehensive geometrical form. Using the model
of viscous fluid (Navier — Stokes equations)
we must use very fine grid inside in
computational domain and in the boundary
layers. This is a real problem if we have large
dimensions of the buildings, obstacles in
streets. So, in case of Navier — Stokes equa-
tions application it is necessary to use power-
ful PC and every computational experiment
consumes much time. This is not convenient
when we must run a lot of practical calcula-
tions considering different scenario of air pol-
lution in streets and, especially, when we try to
find the effective protection measures because
in this case we must consider many alternative
variants of protection. In this case it would be
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better to split the scientific study in two steps.
At the first step we may find the “satisfying”
variant using numerical model which does not
consume much time and not take into account
some physical features of the process. After
that, at the second step, we may use more pow-
erful model to compute in detail the variant of
protection which has been chosen. So, for
quick calculations at the first step it is im-
portant to have CFD models which consume
not much computational time but they allow to
take into account such important features as
obstacles, emission rate, etc.

Goal of the work. The goal of the this
work is development of quick computing nu-
merical model to estimate air quality near
roads.

Aerodynamic equation. To simulate
the wind flow near the road we use model of
potential flow. In this case the governing equa-
tion can be written as [5]:

2 2

g + g =0, (1)

ox~ oy
where P is the potential of speed.

The wind velocity components are cal-
culated as follows:

— @ , V= a_P . (2)
OX oy

Boundary conditions equation (1) are
discussed in [5]. To perform numerical inte-
gration of this equation rectangular grid was
used.

To solve equation of potential flow (1)
we used the difference scheme of “conditional
approximation”.

Pollutant Transport Equation. To simu-
late the pollutant dispersion near road equation
of convective — diffusive mass transfer is used
[1,3,5,7]:
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where C is mean concentration
W

C(x, y):vivj'c (x,y,z)0z, W is width of the
0

computational region; u, v are the wind veloc-
ity components; u= (yx, ,uy) are the diffusion

coefficients; Q; is rate of emission;
5(x—x,),8(y - y,) —are Dirac delta function; t
is time.

Initial and boundary conditions for Eq.3
are described in [1, 3, 5].

Before solving Eg. (3) we made it’s
physical splitting into the sequence of three
equations. These are the following equations:
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where S5(r—r) is Dirac delta function;
r=(x,y,) are the coordinates of the point

source.

The first equation in (4) describes pollu-
tant transfer along trajectories. The second
equation in (4) describes the diffusive disper-
sion of pollutant. The third equation in (4) de-
scribes concentration change under the action
of source Q.

To solve the first and the second equations
in (4) the implicit change —triangle difference
scheme was used [1, 5]. To solve the third equa-
tion from (4) Euler method was used [4].

Numerical integration of difference
equations is performed using rectangular grid.
Values of P, C are determined in the centers of
computational cells, values of u, v are deter-
mined at the sides of the computational cells.
For coding difference equations we used
FORTRAN language.

Results. Numerical model was used to
compute CO concentrations near road with
curb where two vehicles are situated. “Body”
of the vehicles are represented as rectangulars.
Form of vehicles and form of the curb is rep-
resented in numerical model using “markers”
(porosity technigue). Outlet opening of the ve-
hicle is a passive source of emission which has
emission rate Q. Arrow indicates the wind di-
rection in street. In Fig. 1 we see two vehicles
which are situated in the road.
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Fig. 1. Sketch of computational region;
1 — vehicle; 2 — source of emission (outlet opening);
3 —plume; 4 — curb

Results of numerical simulations are
shown in Fig.2. This figure represents CO con-
centration field near the street road.
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Fig. 2. Computed CO concentration near road

As one can see from Fig.2 the compre-
hensive concentration pattern is formed near
the road. It is clear that this contaminated area
can be separated in to two zones. The first zone
is formed between vehicles. It means that driv-
ers in vehicles are affected by the vehicles
emission. The second zone is formed over the
curb where pedestrians are situated.

In Tabl.1 we present computed CO con-
centration above the curb (height h=1,6m). For
data in Tabl.1, position x=0 corresponds to
point A (Fig.1).

Table 1 - Computed CO concentration at

height =1,6m
Distance from point A Concentration
0,6m 2,90 mg/m?3
1,0m 2,81 mg/m®
1,4m 2,72 mg/m3
1,8m 2,64 mg/m®

As we can see from Tabl. 1 CO concen-
tration slowly decrease along the curb. Worthy
of note that computational time was about 2

sec to compute the wind pattern and pollutant
distribution near the road.

Conclusions. Quick computing numeri-
cal model to simulate the level of atmospheric
air pollution in case of traffic induced pollutant
dispersion is proposed. This numerical model
allows to take into account of geometrical
form of vehicles, curb, intensity of emission
rate, wind speed and turbulent diffusion. The
solution of the aerodynamic problem is based
on the numerical integration of equation for
potential flow. This allows to compute quickly
wind pattern near road using PC which are
available now in Ukraine. To predict toxic
gases concentrations near road convective —
diffusive equation is used. Numerical integra-
tion of this equation is performed using im-
plicit difference schemes. Further improve-
ment of the model should be carried out in the
direction of creating a 3D numerical model
taking into account the vortex nature of wind
flow.
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Beasie H. H., CnaBunckas E. C., Kupuuenko P. B.
MOJEJUPOBAHUE PACITPOCTPAHEHMS
3ATPA3HEHUSA oT ABTOJOPOXHOI'O
TPAHCIIOPTA

PazpaboTka uncieHHONW MOENH 1S OBICTPOTO pacueTa
3arpA3HCHUA BO3Z[yIlIHOI7[ Cpeabl BO3JIE aBTOMaru-
ctpanu. [locTtpoeHHas MoJienb, OCHOBaHHAs Ha ypaBHe-
HHH JJIsI TOTEHIUaa CKOPOCTH (MOJiesib OE3BUXPEBOTO
TE4YEHHUs) W YPaBHEHHHM MacCOlepeHoca. YpaBHEHHE
JUIA MIOTEHIIMaja CKOPOCTH NMpHMEHSeTCs Ul pacueTa
HOJIS CKOPOCTH BO3YILIHOTO ITOTOKA IPH HAJIMYUH aB-
ToMOOMIeH Ha nopore. J[ns pelieHus ypaBHEHHS UL
MOTEHIMajIa CKOPOCTH MCIIONB3YETCs HESIBHAS PA3HOCT-
Has CXeMa «yCJIOBHOM anmpoKcUMarumy». st 9ucieH-
HOTO pENICHHUs 3aJadll MacCONepeHOCa HCIIOIb3YeTCs

YK 519.6

HesBHAs IIONIEPEMEHHO - TPEYroJibHas Pa3HOCTHAS
cxema. Pa3paboTaHHas MopeNb IO3BOJSET OLEHUTH
pa3Mepsl, GopMy B HHTCHCHBHOCTB 30HBI 3aTrPS3HEHUS
Y aBTOMarucTpaH.

KiroueBble c10Ba: 3arps3HEHHAS aTMOC(EPHI; BRIOPOC
OT aBTOTPAHCIIOPTA; YUCICHHOE MOJIEIHPOBAHHE.

Binses M. M., CnaBincbkaO. C., Kupuuenko P. B.
MOJEJIOBAHHSI TMNMOLIUPEHHSI 3ABPY-
HEHHS BIJJ ABTOMOBIJIBHOI'O TPAHCIIO-
PTY

Po3pobka uncenbHOI MOJENi A MIBHJIKOTO PO3paxy-
HKY 3a0pyIHEHHS MOBITPSHOTO CepeIOBHIIA 01 aBTO-
Marictpani. [lobynoBana Moxenp, 3aCHOBaHA Ha piB-
HSHHI U TOTeHIiady IMBUAKOCTI (Moaens 0e3BUXpo-
BO1 Teuil) 1 piBHAHHI MacomepeHocy. PiBHIHHS s 110-
TEeHIIaJTy IIBUAKOCTI 3aCTOCOBYETHCS AJISI PO3PAXYHKY
TIOJISI IIBUIKOCTI MOBITPSHOTO MOTOKY NPH HAsBHOCTI
aBTOMOOLTIB Ha JOpo3i. [y BUpILIEHHs PIBHSIHHS AJIS
MOTEHILiaJTy IBUAKOCTI BUKOPUCTOBYETHCS HESIBHA Pi3-
HUIIEBAa CXeMa «yMOBHOI amnpokcumarii». s yncens-
HOTO pillleHHs1 3a/ladi MacoIlepeHOCY BHUKOPHCTOBY-
€TBCSl HESBHA IMONEPEMIHHO - TPHUKYTHa pi3HHUIIEBA
cxema. Po3pobieHa Mojenb O3BOJISIE OLIHUTH PO3-
MipH, popMy Ta iIHTEHCHBHICTh 30HH 3a0pyIHEHHS y aB-
TOMaricTpali.

KurouoBi ciioBa: 3a0pyaHeHHs aTMOchepH; BUKHT Bif
aBTOTPAHCIIOPTY; YUCEITbHE MOJICIIOBAHHS.
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IKCIIPEC OLHEHKA TEPPUTOPUAJIBHOI'O PUCKA TTPU BBIBPOCE
XUMHUYECKOI'O ATEHTA B CJIYYAE TEPAKTA

[IpenmnoxkeH 3KcTpecc MeTO ] OLIEHKH TEPPUTOPHAIBEHOTO PUCKa IPH BEIOPOCE XUMHUYECKOTO areHTa IIpH TEPaKTe B YCIIO-
BHUSIX TOPOJICKO# 3acTpoiiku. Brropoc mpoucxoant BOmm3n 3qannii. CTaBUTHCS 3a7ada pa3pabOTKH METoja OIIEHKHU Tep-
PUTOPHAIIEHOTO PUCKA C YUETOM PA3IUYHBIX METEOPOJIOTUYECKUX CUTYaluid. /Iyl OLIEHKU TEPPUTOPUAIIBHOTO PUCKA HC-
HOJIB3yeTcsl pa3paboTaHHAs YUCICHHAsI MOJEb. [IpHBEIEHO ONMCAaHUE AITOPUTMA PEILICHNUS 3a/1a4H 110 OLIEHKE TeppU-
TOPHUAJIBHOTO PUCKA ITPU SMUCCHUU XUMUICCKH OIMaCHOI'O BEHICCTBA IPU TCPAKTE. Hpe]lCTaBJ'IeHBI PE3YIbTAaThl BBIYUCIIN-
TEJIBHOI'O 3KCIIEPUMEHTA.

KuroueBble ¢j10Ba: TEPPUTOPUAIBHBIN PUCK; TEPAKT, XUMUUYECKOE 3arpsi3HEHUE; YUCICHHOE MOJAEIUPOBAHUE, 3arpsi3-
HEHHE BO3AYIIHON CpEeAbI.

Bcerynuienne. B kpyr kpaliHe akTyalib-
HBIX 33Ja4, CBA3aHHBIX C PELICHHEM IIpO-
0JieMBbl 3aIlUThl OOBEKTOB U JIIOJIEN TIPU Tep-
aKTax BXOJUT 3aJla4a 10 OLEHKE pUcKa mopa-
KEHUS JII0Jel Mpu XuMu4ecKkon (Ouosornye-
CKOM) aTake TeppopucToB B ropoje [1-3, 7-9].
B xadecTBe XMMHMYECKHUX arcHTOB, NIPU TaKOU

aTake, MOTYT HCIIOJIb30BaThCs HE TOJIBKO Ooe-
BBIE OTPABJISIFOIINE BEIIECTBA, HO U XUMHUYE-
CKHE€ BEIECTBa, IMMPOKO HWCIIOIB3yeMbIE B
MIPOMBIIIJIEHHOCTH — XJIOp, aMMHaK u T.11. [To-
ATOMY, 3a PyOeXOM, MPHU H3YYCHUH JTaHHOU
MpoOJIeMbl OYEeHb YacTO paccMaTpUBAETCS
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