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NUMERICAL SIMULATION OF POLLUTION DISPERSION IN URBAN
STREET

Purpose. The scientific paper solves the question of 2D numerical model development, which allows quick
computation of air pollution in streets from vehicles. The aim of the work is numerical model development that
would enable to predict the level of air pollution by using protective barriers along the road. Methodology. The de-
veloped model is based on the equation of inviscid flow and equation of pollutant transfer. Potential equation is used
to compute velocity field of air flow near road in the case of protection barriers application. To solve equation for
potential flow implicit difference scheme of «conditional approximation« is used. The implicit change — triangle
difference scheme is used to solve equation of convective — diffusive dispersion. Numerical integration is carried out
using the rectangular difference grid. Method of porosity technique («markers method») is used to create the form of
comprehensive computational region. Emission of toxic gases from vehicle is modeled using Delta function for
point source. Findings. Authors developed 2D numerical model. It takes into account the main physical factors af-
fecting the process of dispersion of pollutants in the atmosphere when emissions of vehicle including protection
barriers near the road. On the basis of the developed numerical models a computational experiment was performed
to estimate the level of air pollution in the street. Originality. A numerical model has been created. It makes it pos-
sible to calculate 2D aerodynamics of the wind flow in the presence of noises and the process of mass transfer of
toxic gas emissions from the motorway. The model allows taking into account the presence of the car on the road,
the form of a protective barrier, the presence of a curb. Calculations have been performed to determine the contami-
nation zone formed at the protective barrier that is located at the motorway. Practical value. An effective numerical
model that can be applied in the development of environmental protection measures for the operation of road trans-
port in the city is considered. The developed model allows estimating sizes, the form and intensity of a zone of pol-
lution at a motorway.
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apply CFD simulation to solve the problem [1, 3,
6, 8—10]. As a rule, to obtain flow pattern in streets
foreign authors use Navier — Stokes equations (this
is the model of viscous fluid) coupled with
turbulent models. Very often commercial codes are

Introduction

Pollution from vehicles in urban streets is very
intensive and can cause harm to humans. For this
purpose, it is necessary to predict the level of

pollution in streets. Physical modeling, in this case,
is very expensive [8]. For quick prediction
empirical models are used [1]. These models are
convenient in practice, especially when we must
run many «pilot» calculations. But these models do
not take into account some important properties of
pollutant dispersion process in streets. The main
problem is that the process of air pollution in
streets takes part in the region having comprehen-
sive geometrical form (presence of buildings, dif-
ferent obstacles, etc). The alternative way is the
numerical simulation of this process. Many authors

used for this purpose. Worthy of note, that
application of Navier — Stokes equations needs
application of very fine computational grid during
the computational experiment to simulate in detail
the process of vortexes formation and their
dispersion and interaction in the region. Using the
model of viscous fluid, we must use very fine grid
inside the boundary layers. This is a real problem if
we have big dimensions of the buildings, obstacles
in streets. So, in case of Navier — Stokes equations
application it is necessary to use powerful PC and
every computational experiment consumes much
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time. This is not convenient when we must run
a lot of practical calculations considering different
scenario of air pollution 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 better to split the 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 powerful model to compute
in detail the variant of protection which has been
chosen. So, for quick calculations at the first step it
is important 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.

Purpose

The purpose of this paper is development a
numerical model for quick computing of the local
air quality near roads.

Aerodynamic equation

To simulate the wind pattern near the road we
use model of potential flow. In this case the
governing equation is [5]:

o°P O°P
Ty @

where P is the potential of speed.
The wind velocity components are calculated as
follows:

o
o’ dy

Boundary conditions equation (1) are discussed

in [1]. To perform numerical integration of this
equation rectangular grid was used.

To solve equation of potential flow (1) we used

the difference scheme of «conditional approxima-

tiony. In this case, first of all, we transformed Eq. 1
to equation having «evolution type» [5]

u
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where 1 is «fictitious» time.

For n— o the solution of equation (2) tends to

the solution of equation (1).

After approximation of Eq. 2, we split it in the
sequence of two difference equations having
implicit form [5]
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At Ax? Ay*
Unknown value of P . can be -easily

LJ
determined from each difference equation (3) using
explicit formulae of «running calculation». As the
«initial» condition for Eq. 2 we may use, for,
example, P=0 for n =O0.

Pollutant Transport Equation

To simulate the pollutant dispersion near road
equation of convective — diffusive transfer is used
[1,4,7]
oC ouC ovC
— 4+ +—>=

ot 0Ox Oy

N

=div(ngradC)+ ZQi (6)8(x=x)8(y=»). 4

i=1

where C is mean concentration

A
C(x,y) :WJ.C (x,y,z)dz.
0

W is width of the computational region; u,v are
the wind velocity components; w=(u,,u,) are

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

time.

Initial and boundary conditions for Eq. 4 are
described in [1, 4].

Before solving Eq. (2) we made it’s physical
splitting into the sequence of three equations.
These are the following equations:

oC ouC ovC
ot ox Ox

0, )
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where 8(r—r) is Dirac delta function;

r.=(x,,y;) are the coordinates of the point source.

The first equation in (5) describes pollutant
transfer along trajectories. The second equation in
(5) describes the diffusive dispersion of pollutant.
The third equation in (5) describes concentration
change under the action of source Q.

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

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 determined at the sides of
the computational cells. For coding difference
equations, we used FORTRAN language.

Findings

Developed numerical model and code were
used to compute CO concentrations near road
which has barrier at the curb. Numerical simulation
was performed for two scenarios. The first one is
scenario where barrier has a form of vertical plate
(Fig. 1). The second scenario is application of
barrier which has additional «short wing» at the
top (Fig. 2). «Body» of the vehicle is represented
as rectangular. Its form and form of the curb, bar-
rier is represented in numerical model using
«markers» (porosity technique). Outlet opening of
the vehicle is a passive source of emission. It
means that we don’t take into account speed of
gases which move from it. Arrow indicates the
wind direction.

Results of numerical simulations are shown in
Fig. 3-5. Fig. 3, 4 represent CO concentration field
near road. We can see that application of barrier
with «short wing» allows to reduce the width of
contaminated zone behind the barrier.

Fig. 1. Sketch of computational region (the first
scenario): I — vehicle; 2 — source of emission
(outlet opening); 3 — plume; 4 — curb; 5 — barrier

Fig. 2. Sketch of computational region
(the second scenario):
1 —vehicle; 2 — source of emission (outlet
opening); 3 — plume; 4 — curb; 5 — barrier; 6 — «short wing»
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Fig. 3. Computed CO concentration
(barrier without «wing»)

A. 188E
a.288

Fig. 4. Computed CO concentration
(barrier with «short wingy)

In Table 1 we present computed CO
concentration behind barriers at height #=1,7 m.
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Table 1

Computed CO concentration at height h =1.7 m
Distance from Concentration Concentration
barrier (scenario: no (scenario: short

wing) wing)

0.6 m 1.01 mg/m’ 0.94 mg/m’

1.0m 0.95 mg/m’ 0.88 mg/m’

1.4 m 0.89 mg/m’ 0.82 mg/m’

1.8 m 0.85 mg/m’ 0.78 mg/m’

As we can see from Table 1 application of
barrier having «short wing» allows reduce CO
concentrations near the road.

Worthy of note that computational time was
about 5 sec. for each scenario. It allows to use the
developed numerical model for practical
application when series of computational
experiments must be run.

Originality and practical value

A model has been developed to compute
concentrations near roads. Numerical model is
based on application of mass transfer equation and
equation of potential flow.

The peculiarity of the developed model is the
use quick calculation of contaminated zones and
account of geometrical form of vehicle, curb,
barriers near the road.

Conclusions

Numerical model for estimating the level of
atmospheric air pollution near roads is proposed.
Proposed numerical model allows to predict level
of pollution with account of geometrical form of
vehicle, curb, barriers near the road, intensity of
emission rate. The solution of the aerodynamic
problem is based on the numerical integration of
equation for potential flow. This allows to perform
quick calculation of 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 integration
of this equation is performed using implicit
difference scheme. Using the developed numerical
model some numerical experiments were
performed to study the influence of barrier form on
intensity of local contamination near road.

Further improvement of the model should be
carried out in the direction of creating a 3D
numerical model.
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YUCEJBHE MOJAEJIOBAHHA PO3ITOBCIO/’KEHHA 3ABPY/IHEHHSA
HA MICBKIH BYJIUIII

Mera. Y HayKoBiii cTaTTi HEOOXiTHO BUPIIIUTH MUTAHHS IIOI0 PO3poOKku 2D uncenpHOi MoIeni, sSika T03BOIHIIA
0 mBHIKO pO3paxyBaTH Mporec 3a0pyTHEHHS aTMOC(EpPHOTO MOBITPS BUKUAAMH aBTOTpaHcmopTy. Ilepenbadeno
TAKOX CTBOPUTH YHCEIIbHY MOJIENb, 10 JaBaia O MOXJIMBICTh MPOTHO3YBaTH PiBeHb 3a0pyHEHHs aTMOC(epHOro
MOBITPS TP BUKOPUCTAHHI 3aXHCHUX Oap’epiB Ot moporu. MeTtoauka. Bukopucrano po3po0ieHy MOAETb, siKa
6a3yeThCs Ha PIBHSIHHI HEB A3KOi PIIMHM Ta PIBHAHHI MacorepeHocy. PIBHSHHS U MOTEHIIATy MIBUAKOCTI BUKO-
PHCTOBYETBCS JUIsl PO3PaxyHKY TOJISI IIBHIKOCTI MOBITPSHOI'O MOTOKY NpH ekciutyaTauii 6ap’epis. [Ipu BupimeHHi
PIBHSIHHSI JUIsl HOTEHIialy MIBUAKOCTI 3aJlisiHA HEesIBHA PI3HHIIEBA CXeMa «yMOBHOI anpokcumaiin. J{i1st yrcensHoro
pillIeHHs 3aJiaui MacONePEHOCY BXKHMBAETHCS HESIBHA MOINEPEMIHHO-TPUKYTHA Pi3HHUIIEBA cxeMa. YucesbHe iHTerpy-
BaHHS 3/IIIICHIOETHCS Ha IPSIMOKYTHIN pi3HMLEBiH citii. s GpopmyBaHHs ckiaaHoi GopMu po3paxyHKOBOI 00JacTi
BUKOPHCTOBYIOTHCSI MapKEpH, a JUIsl MOJICITIOBaHHS JKepelia eMicii — MOJIelIb TOYKOBOTO JPKEpena, sika popMyeThes
3a JroroMorolo nenbra-pyskunii [Jipaka. PesyasTaTn. ABTropamu po3pobieno 2D uncensHy MoJienb, sika BpaXxoBye
OCHOBHI (pi3u4Hi (haKTOPH, IO BIUIMBAIOTH Ha MPOIEC PO3CIFOBAHHS IIKIIJIMBUX PEYOBHUH B aTMOc]epl IpH BUKUIAAX
BiJl aBTOTPAHCIIOPTY 3 YpaxyBaHHIM PO3MIIIEHHS 3aXMCHUX 0ap’epiB Oinmst moporu. Ha ocHOBI moOymoBaHUX dmce-
JTBHUX MOJENeH MPOBEJCHO O0UYHCIIOBANIHIA SKCIICPUMEHT 13 OLIHKH PiBHA 3a0pyIHEHHS MOBITPSHOTO CEPeOBU-
mra Ha Bynuni. HaykoBa HoBu3Ha. CTBOpEHO UYMCENBHY MOZENB, SKa J03BOJSE po3paxyBatu 2D aepoamHamiky
BITPOBOTO MMOTOKY B YMOBaX HAsBHOCTI MEPEIIKO]] Ta MPOIEC MACOTIEPEHOCY BUKUAIB TOKCHYHUX T'a3iB BiJ aBTOTpa-
cu. Mojiesb 103BOJIsSIE BPaXOBYBAaTH HAsIBHICTh aBTOMOOLIISI Ha 10po3i, GOpMy 3aXUCHOTO Oap’€epy, MPUCYTHICTH 00-
paropy. BUKOHaHO pO3paxyHKH [0 BU3HAUCHHIO 30HU 3a0pyaHEHHS, 0 (GOPMYEThCsI OIS 3aXUCHOTO Oap’epy, po3-
TaioBaHoro Oiist aBromaricrpaini. [IpakTuyna 3HaunmicTs. Po3risiHyTa eeKTHBHA YUCEIbHA MOIEIb, KA MOXE
OyTH 3acTOCOBaHA MPH PO3poOIIi 3aX0iB 13 OXOPOHH HABKOJHMIIHBOTO CEPEIOBHIA IPH eKCILTyaTallii aBToMOO1Ib-
HOTO TPaHCIIOPTY B MicTi. Po3pobiiena Mozens 103BOIIsIE€ OLIHUTH PO3MipH, (JOpMY Ta IHTEHCHUBHICTh 30HHU 3a0pya-
HeHHs Ous aBToMaricrpati.

Kniouosi crosa: 3a0pynHeHHs aTMoc(epy; MIChKI BYJIUIII; HOIMINPEHHS 3a0pYAHCHD; YNCEIbHE MOJICIIIOBAHHS
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YUCJIEHHOE MOJIEJIUPOBAHUE PACIIPOCTPAHEHMUSI
SAT'PA3HEHUSA HA I'OPOJCKOU YJIMIE

Leanb. B HayuHOIl cTaThe HEOOXOAMMO PEIUTH BOIIPOC pa3paboTku 2D yucieHHO# Mojenu, KOTopast MO03BOJIHU-
Ja Obl OBICTPO paccuMTaTh MPOLECC 3arps3HeHHsi aTMoc(epHOro BO3JyXa BBIOPOCAMU aBTOTPAHCIIOPTA.
[Ipeanonaraercst Takxe co3/1aTh YHCICHHYIO MOJIEIb, KOTOpas AaBajia O BO3MOXKHOCTH IIPOTHO3MPOBATh YPOBEHB
3arpsi3HEHUs] aTMOC(EPHOrO BO3yXa IPH UCIIOJIb30BAaHUHU 3alIUTHBIX OapbepoB y goporu. Meronuka. Vcmons3o-
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BaHa pa3paboTaHHas MOJIENb, OCHOBaHHAsI HA YPaBHEHNUHU HEBS3KOM JKHIKOCTH U yPaBHEHHH MaccolepeHoca. Y pas-
HEeHHWe JJIs TIOTeHIMata CKOPOCTH MCIOJIB3YETCs ISl pacieTa IoJisi CKOPOCTH BO3AYIIHOTO MOTOKA MPU JKCILTyaTa-
nuu Gapwepos. Ilpu perieHnn ypaBHEHHs Ul NTOTEHIMala CKOPOCTH 3a/IciiCTBOBaHA HESIBHAS Pa3HOCTHAs cXeMa
«yCJIOBHOH ammpoKCUMaium». J{Jsi YUCIICHHOTO pelIeHHs 3aadll MacCoIlepeHoca yrnoTpediseTcsl HessBHas Iorepe-
MEHHO-TPEYTOJIbHAsI pa3HOCTHAs cxeMa. UHCIeHHOe MHTErpUPOBaHKNE OCYIIECTBISIETCS HA MPSIMOYTOJIbHOM pa3HO-
cTHO# ceTke. J{ns popMHUpOBaHUS CIIOKHON (POPMBI pacdeTHON 00IaCTH MPUMEHSIOTCS MapKephl. A UIT MOJICIHPO-
BaHWS NCTOYHHMKA YMHUCCHH — MOJICNIb TOUEYHOTO MICTOYHNKA, KOTOPask MOAEIHPYETCS C TOMOIIBIO JIENbTa-QYHKINN
Jupaka. Pe3yabTaThl. ABTOpamMu pazpadoTtana 2D uynciaeHHas MOJENb, KOTOpask YIUTHIBAET OCHOBHbIE (PU3MUECKHE
(akTOpbI, BIUIOIINE Ha NIPOLIECC PACCEMBAHMs BPEIHBIX BELIECTB B aTMOC(epe NpH BEIOPOCAaX OT aBTOTPAHCIOPTA
C Y4EeTOM pPa3MEIICHUS 3aIUTHBIX 0aphepoB y Noporu. Ha oCHOBE MOCTPOECHHBIX YHMCIEHHBIX MOJEIEH MPOBEAEH
BBIYMCIINTENbHBIA ~ OKCIIEPUMEHT TI0 OLEHKE YPOBHS 3arpsA3HEHHMs BO3AYIIHOM cpeipl Ha  yJIHIE.
Hayuynasi HoBu3na. Co3zjaHa 4uclieHHas MOZEJb, KOTopas MO3BOJsieT paccuuTarh 2D a’pojuHaMHKy BETPOBOTO
MOTOKa B YCJOBHMSX HAJIMYUS MOMEX M IPOIECC MAacCONepeHOca BBIOPOCOB TOKCHYHBIX Ta30B OT aBTOTPACCHI.
Mojiens O3BOJISIET YYUTHIBATh HATMYME aBTOMOOWIISI Ha Jopore, GopMy 3allluTHOrO Oaphepa, MPUCYTCTBUE OOP/IIO-
pa. BBINONHEHBI pacyeTs! M0 ONPEAETICHUI0 30HBI 3arpsi3HEHHs, (OPMHUPYEMOH y 3allUTHOrO Oapbepa, KOTOPBIH
pacrionioxxeH y aBromaructpanu. [IpakTuyeckasi 3HaunMocThb. Paccmorpena sddexriBHas yuciaeHHas MOJAETb,
KOTOpasi MOXeT OBITh IPUMEHEHA MU pa3paboTKe MEPONPHATHI IO OXpaHe OKPYXKAIOIIEH Cpeabl MPU IKCILTyaTa-
IIMM aBTOMOOMIIBHOTO TpaHCHOpTa B ropoze. PaspaboTaHHast MOJENb MO3BOJSIET OLEHUTH pa3Mepsl, GOpMy W MH-
TEHCUBHOCTb 30HBI 3aTrPSI3HEHUS Y aBTOMArHCTPAITH.

Kniouegvie cnosa: 3arps3HeHne aTMoc(epsl; TOPOJICKHE YIHIBL, PaclpoCTpaHEHUE 3arpsA3HEHUI; YUCICHHOE
MOJIETTHPOBAaHNE
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