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Purpose. Development of 2D numerical model, which allows quick computation of polluted air
suction near the road. The purpose of the work is development of the fast calculating CFD model
which takes into account the meteorological parameters, suction duct near the road to remove pol-
luted air, emission rate of toxic gases from the vehicles.

Methodology. The developed model is based on the equation of potential flow and equation of
pollutant mass transfer. Equation of potential flow is used to compute wind flow near road in the
case of suction tube application. To solve equation for potential flow Libman’s method of numeri-
cal integration was used. The implicit change — triangle difference scheme is used to solve equation
of convective — diffusive dispersion. Numerical integration is carried out using the rectangular dif-
ference grid. Method of porosity technique («markers method») is used to create the form of com-
prehensive computational region. Emission of toxic gases from vehicle is modeled using Dirac’s
delta function for point source. Special code, using FORTRAN language was developed.

Findings. Developed 2D numerical model takes into account the main physical factors affect-
ing the process of dispersion of pollutants near the road. The model takes into account the influence
of vehicle and suction duct situated near the road to remove polluted air. On the basis of the devel-
oped numerical models a computational experiment was performed to estimate the influence of suc-
tion duct application on local air pollution near the road.

Originality. Developed numerical model allows calculating the 2D flow pattern near the road
where the mitigation measure such as suction duct near the road is used. Model allows performing
fast calculations of the air pollution near the road.

Practical value. Developed numerical model can be used to evaluate the efficiency of the pol-
luted air suction system which is situated near the road. The model is convenient for practical use
and its computer implementation does not take much computer time. Results of numerical experi-
ment are presented.
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Introduction. It is well known that pollution from vehicles in urban streets is
very intensive and can cause harm to humans. Different mitigation measures are pro-
posed to reduce intension of air pollution from road traffic. For example: vegetation,
porous asphalt, sound walls, dust suppressants, TIO, covering of the road, etc. Every
mitigation method has it’s advantages and disadvantages which can be revealed in
specific conditions for specific road. To choose mitigation measure it is necessary to
have scientific based information. Application of specific mitigation method also de-
pends on it’s cost, time for installation and some local conditions. One of the mitiga-
tion method to remove polluted air from the road traffic is application of suction tube
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connected with the system which provides polluted air transfer from the road and it’s
purifying. To put in practice this method it is necessary to study it’s effectiveness for
specific part of the road taking into account width of the road, intensity of road traf-
fic, suction speed, dimensions of suction opening, etc.

To obtain this information on the basis of physical experiments [11] it is neces-
sary to perform many experiments at the lab and much time is needed to obtain re-
sults. Physical modeling, in this case, is very expensive. More appropriate way is
computer simulation application. As a rule many CFD models are used or solving
problems of air pollution from road traffic. For numerical simulations Navier —
Stokes equations coupled with different turbulent models are often used [6 — 9].
These models are represented in some powerful commercial codes (ANSYS, etc). But
Navier —Stokes equations application is very time consuming and one numerical ex-
periment can last many hours. This is not convenient when we must run a lot of nu-
merical experiments considering different scenario of air pollution from traffic and
application of different mitigating measures.

In this case it will be more convenient to perform numerical experiments on the
basis of mathematical model which is not time consuming, then choose appropriate
parameters of mitigation system for specific conditions and after that to perform nu-
merical experiment on the basis of Navier — Stokes equations to refine these parame-
ters.

Purpose. The purpose of this paper is development a numerical model for quick
computing of the local air quality near roads with account of suction tube application
to remove polluted air from the road.

Methodology. To simulate the wind flow near the road with account of different
obstacles (vehicle, barrier, suction tube) we use model of potential flow. In this case
the governing equation is:

2 2
8—5 + 6—5 =0 (1)
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where P is the potential of speed.
The wind velocity components are calculated as follows:
u= @,v = @ (2)
OX oy

Boundary conditions for equation (1) are discussed in [5]. To perform numerical
integration of this equation rectangular grid was used. To solve Eq. (1) we used
Libman’s method.

Mass Transport Equation. Pollutant dispersion near road is simulated on the
basis of the following equation [1 — 4]
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where C IS mean concentration
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LW
C(x, y):w (j)C(x, y,2)dz.

W is width of the computational region; u, v are the wind velocity components;
=, py ) are the diffusion coefficients; Q; is rate of emission; §(x — x;)3(y - y;)

— are Dirac delta function; t is time.
Initial and boundary conditions for Eq.3 are described in [3, 4].
Before solving Eq.(3) we made it’s physical splitting into the sequence of three
equations. These are the following equations:
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The first equation in (4) describes pollutant transfer along trajectories. The sec-
ond equation in (4) describes the diffusive dispersion of pollutant. The third equation
in (4) describes concentration change under the action of source Q.

To solve Eq. (1) we used Libman’s method. In this case Eq. (1) was
approximated as follows
Fia1,j—2R j+ R j N Pj+1-2Rj+Rja
AX? Ay2
Unknown parameter P, ; was determined in the computational cell as follows

I:PH-l,j +PR_1j s B, j+1t Pl,jl}
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0, (4)
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where Z= i2+i2 .
AX Ay

To solve equation of potential flow we need to set the «initial» field of P to
begin the iteration procedure. The calculation is over if the following condition is
fulfilled

RU R <

where P,f]j+1 is new value of potential; P; is the previous value of potential; ¢ is a

small number.

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

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

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. We used developed numerical model to compute NO concentration
near road. Numerical experiment was performed for two scenarios. Sketches of com-
putational region for these scenarios are shown in Fig.1 and Fig.2. The first scenario
Is an application of barrier which has a form of vertical plate (Fig.1).

Fig. 1. Sketch of computational region Nel: 1 — barrier

The second scenario is when a suction duct is situated not far from the vehicle
(Fig.2). «Body» of the vehicle is represented as rectangular. To make the geometrical
form of the vehicle, barrier, suction duct we use «markers» (porosity technique). Out-
let opening of the vehicle is a passive source of emission. We don’t take into account
speed of gases which move from it. Arrow indicates the wind direction.

Fig. 2. Sketch of computational region Ne2:
1 —suction tube; 2 — polluted air inside the suction duct
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At the first step of the numerical experiment we simulated the wind flow using
potential flow model with account of vehicle, suction duct, barrier in the computa-
tional region. At the second step we computed pollutant dispersion from the vehicle.

Results of numerical simulations are shown in Fig. 3, 4. Fig. 3 represents NO
concentration field near road where barrier is situated. We can see large contaminated
area.
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Fig. 3. Computed NO concentration near road (no suction tube, only barrier):
1 — barrier; 2 — vehicle

Fig. 4 represents NO concentration field near road where suction duct is situated.
We can see that dimentions of contaminated area are less than in Fig.3.
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Fig. 4. Computed NO concentration near road in case of suction duct installation:
1 —suction duct; 2 — vehicle; 3 — polluted air inside the suction duct
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In Tabl. we present mass of pollutant (in dimensionless form) which was sucked
during time.

Table
Mass of pollutant sucked vs time
Time (dimensionless) Mass emitted from vehicle Mass sucked
(dimensionless) (dimensionless)
3,5 3,50 2,54
4.4 4,40 3,28
4,7 4,70 3,53
5,0 5,00 3,78

Effectiveness of suction system is strongly depend on some parameters: wind
speed, position of vehicles on the road and position of suction opening relatively to
these vehicles, dimensions of suction opening, speed of suction, etc. To choice the
appropriate parameters of the suction system for definite part of the road it is neces-
sary to perform a lot of calculations. So it is clear that we can split the solution of the
problem. At first 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.

Worthy of note that computational time was about 5 sec for each scenario. It al-
lows to use the developed numerical model for practical application when series of
computational experiments must be run to choose the appropriate parameters of the
system for reduction of air pollution near the road.

Originality and practical value. A model has been developed to compute the
efficiency of polluted air suction near the road. Numerical model is based on applica-
tion of mass transfer equation and equation of potential flow.

The peculiarity of the developed model is quick calculation of contaminated
zones near roads.

Conclusions. Numerical model for estimating the efficiency of polluted air suc-
tion near the road was developed. Wind pattern near the road was computed on the
base of potential flow model. To solve equation for potential of flow Libman’s meth-
od was used. This allows to perform quick calculation of wind pattern near the road.
To predict gas concentration near the road mass transfer equation was used. Numeri-
cal integration of this equation was performed using implicit difference scheme.

Further improvement of the model should be carried out in the direction of cre-
ating a 3D numerical model.
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AHOTAIIS

Meta. Po3po6ka 2D-uncenbHOi MOJieni, sKa J03BOJIS€ MIBUIKO PO3paxyBaTu (OPMYBaHHS 30H 3a-
OpylHEHHs O1J11 aBTOTpacH MpHU HasIBHOCTI CUCTEMH, SKa BIACMOKTYE 3a0pyJHEHE MOBITPS Bl aB-
TOMOO1ITIB.

Metoauka nocaimkenb. Po3poGiiena Mosienb 3aCHOBaHa Ha PIBHSAHHI MOTEHLIaldy MOTOKY 1 piB-
HSIHHI IEPEHOCY Macu 3a0pyIHIOIOYUX PEYOBUH. PIBHSHHS MOTEHLIHOIO MOTOKY BUKOPUCTOBYETh-
Csl Il PO3paxyHKy MOTOKY BITPY MOOJIM3Y JOPOTH B pa3i 3aCTOCYBAHHS CUCTEMH, KA BCMOKTYE
3a0pyaHeHe aTMocdepHe noBiTps. s BUpIMIEHHS PIBHSAHHS AJI HOTEHLIHHOTO MOTOKY BUKOpPHUC-
TOBYBABCSl METOJ YHCEIbHOro iHTerpyBaHHs JliOMaHna. /Iy BUpilIEHHsS PIBHSHHS KOHBEKTHUBHO-
nudys3iiiHOT aucIiepcii BUKOPUCTOBYETHCS HESIBHA MONEPEMIHHO-TPUKYTHA pi3HUIEBa cxema. Huce-
JIbHE IHTErpYBaHHs 3/1MCHIOETbCS 3 BUKOPUCTaHHAM HPSIMOKYTHOI PI3HHUIIEBOI CITKH. MeToa Map-
KepiB BUKOPUCTOBYETHCS JUIsl CTBOPEHHS CKJIaJHO1 (popMH po3paxyHKOBOi oOnacTi. Bukug Tokcuu-
HUX Ta3iB 3 TPAHCIIOPTHOI'O 3aC00y MOJIENIOETHCS 3a JONOMOroro AenbTa-pyHkuii lipaka st To4-
KOBOTO JDKEpena.

PesyabTaTn pocaimxkennsi. PozpoGiena 2D yncenbHa MoJienb BpaxoBye OCHOBHI (i3nyHi pakTo-
pH, 110 BIUIMBAIOTh Ha MPOIEC PO3CIIOBaHHA 3a0pYyAHIOIOUMX PEYOBUH MOONM3Y Joporu. Mojenb
BPaxoBY€E BIUIMB TPAHCIOPTHOTO 3aCO0Y i BCMOKTYBaJIBHOT CHICTEMH, PO3TAIIOBAHOI IMTOOIN3Y TOPO-
M Ha (hOpMyBaHHs 30H 3a0pyTHEHHA. 3a TOTIOMOT0I0 PO3po0IeHOT MOIEII BUKOHAHA OLlIHKA e(eK-
TUBHOCTI 3aCTOCYBaHHS BIJICMOKTYIOUOT IMaHENl Ha 3HWKEHHS PIBHS 3a0pyIHEHHS aTMOC(EPHOTO
noBiTps Oinst aBroTpacH. [IpoBeneHHs 0OUNCITIOBAIBHUX €KCIEPUMEHTIB Ha 0a3i po3polieHoi uu-
CEeNTbHOI MOJIEITi BUMAra€e HeBEIMKHIX BUTPAT KOMI'FOTEPHOTO Yacy.
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HayxoBa HoBu3Ha. Po3pobiena uncenpHa MOJACIHDb T03BOJISIE PO3paxyBaTH 30HU 3a0pyIHEHHS O1JIs
aBTOTPACH 3 ypaxyBaHHSAM (OPMH aBTOMOO1JISI, METEOYMOB, PO3TAIllyBaHHS €KpaHy 1 MPU HASIBHOCTI
CHCTEMH, IO 3/1MCHIOE BiZICMOKTYBaHHs 3a0pyZHEHOT0O MOBITPA Bix aBTOTpacH. MoJenb BUKOPHC-
TOBYE CTAaHJAPTHI BUXI1JHI aHi, HEOOX1IHI ISl TPOBEACHHS 00UNCITIOBAIIBHOTO EKCIIEPUMEHTY.

IIpakTuyne 3HaYeHHs. HaBOIAThCS pe3ynbTaTy YUCEIBHOTO EKCIIEPUMEHTY 3 OI[IHKH €()EKTUBHO-
CTi 3aCTOCYBaHHS CHCTEMH, KA BIJICMOKTYE 3a0py/IHEHE TTOBITPS BiJl aBTOTPACH.

Knrouosi cnoea: 3a0pyonenns nogimps, micbka 8yauys, ou@y3is 3a0pyoHenHs, yuceivbhe Mo0eio-
8aHMA, CUCTEeMA 8i0CMOKMYBAHHS 3a0PYOHEH020 NOBIMps

AHHOTAIIUA

Hean. Pazpaborka 2D-4uciIeHHONW MOJIEIH, KOTOpasi MO3BOJISET OBICTPO paccyuTaTh (POpMUPOBA-
HUE€ 30H 3arpsi3HEHHS] BO3JI€ aBTOTPACCHI MPU HAIMYUM CHUCTEMbI, OTCACHIBAIOIICH 3arps3HEHHBIM
BO3/IyX OT aBTOMOOMJIEH.

Metoauka ucciaenopanuii. Pazpaborannas Moenb OCHOBaHA Ha ypaBHEHUHU MOTEHI[MANIa TOTOKA
Y YPaBHEHHUU IEPEHOCA MACCHI 3arps3HAIOMIMX BEUIECTB. Y paBHEHHE MOTEHIMAJIBLHOIO MOTOKA UC-
MOJIb3YEeTCs JIJIsl pacyera MOTOKa BeTpa BOJM3U JIOPOTH B CiIydae MPUMEHEHHs] CUCTEMbI, BCaChIBa-
IOIIIEH 3arpsi3HEHHBIN aTMOChepHbI Bo3ayX. st pemenus: ypaBHEHHS ISl TOTEHIIMAIBHOTO TIOTO-
Ka HCIIOJIb30BAJICS METOJ] YMCICHHOTO MHTerpupoBanus JluOmana. /[is perieHus ypaBHEHUS KOH-
BEKTUBHO-AN(G(Y3MOHHON NUCIIEPCUU HCIOJB3YeTCs HEsSBHAs IONEPEMEHHO-TPEYTrojbHas pas-
HOCTHas cxeMa. YHCIIeHHOe NHTETPUPOBAHKUE OCYIIECTBIISIETCS C UCIOJIb30BAHUEM MPSAMOYTOIBHOMN
pPa3sHOCTHON ceTKU. MeToa MapKepoB HCIOJIB3YETCS AJs CO3MaHUsl CIONKHON (HOPMBI pacueTHOU
o0nactu. BeIOpOC TOKCHMUHBIX ra30B U3 TPAHCIIOPTHOT'O CPEJICTBA MOJICTUPYETCS C TIOMOIIBIO JeIb-
Ta-pyHkuu J{upaka s TOUeYHOTO UCTOYHHUKA.

Pe3yabTaTtsl uccienoBanuii. Pazpadorannas 2D uucieHHast MOJeNb YUUTHIBAET OCHOBHBIC (PH3H-
yeckue (DakTophbl, BIUSIOIINE Ha MPOLIECC PACCESHUS 3arps3HSIOIUX BellecTB BOIM3H Joporu. Mo-
JeTTb YYUTBHIBACT BIIMSHUE TPAHCIOPTHOTO CPENICTBA M BCACHIBAIOMICH CHCTEMBI, PACIIONIOKEHHOU
BOJIM3M 1opord Ha (hOopMUpPOBaHME 30H 3arpsi3HeHus. C MOMOIIbI0 pa3pabOTaHHON MOJENN BbINOJ-
HEHa OIICHKa 3(1)(1)€KTI/IBHOCTI/I MMPUMCHCHUA OTcaCI)IBaIOIIIGfI MaHCJIM Ha CHUXKCHUC YPOBHA 3arpsa3-
HEHMsI aTMOC(EPHOro BO3/ayXa Bo3Jie aBTOTpacchl. IIpoBeieHNe BBIUMCINTENBHBIX IKCIIEPUMEHTOB
Ha 0a3e pa3pabOTaHHOW YUCICHHOM MOJIENH TpeOyeT HeOOIbIINX 3aTpaT KOMIIBIOTEPHOTO BPEMEHH.

Hayqﬂaﬂ HOBHM3HA. Pa3pa60TaHHas[ YUCJICHHAsA MOJCIIb MO3BOJISICT PACCUUTATh 30HBI 3arpA3HCHUA
BO3JIC aBTOTPACChI C Yy4CTOM q)OpMBI aBTOMO6I/IJ'I}I, MeTeoyCHOBHﬁ, PACIIOJIOKCHHU OKpaHAa U IPHU
HaJIMYHU CUCTCMBI, OCYHIGCTBHHIOIHGﬁ OTCACBIBAHUC 3arpA3HCHHOTO BO31yXa OT aBTOTPACCHI. Mo-
ACJIb UCIIOJIB3YCT CTAHAAPTHBIC UCXOAHBIC JAaHHBIC, HeO6XO,Z[I/IMLIe AJId IIPOBECACHU A BBIYHUCINUTCIIb-
HOI'0O SKCIICPHUMCEHTA.

IIpakTnueckoe 3Hauenme. [IpuBonsrca pe3yabTaThl YUCICHHOIO AKCIEPUMEHTA IO OLIEHKE 3(-
(EeKTUBHOCTH MPUMEHEHHSI CUCTEMBbI, OTCACBIBAIOLIEH 3arps3HEHHBINA BO3/1yX OT aBTOTPACCHI.

Kniouesvie cnosa: 3acpsaszunenue 6030yxa; 20poockas yauya, oughgysus 3acpsazHeHus, 4uUcieHHoe
MOOenUposanue, Cucmema OmMcacvl8arouas 3a2psi3HeHHbLIL 8030VX
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