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NUMERICAL MODELING OF CONTAMINATING SUBSTANCES
DISTRIBUTION IN RESIDENTIAL AREAS

Abstract.In this study, a numerical simulation of the contaminants distribution in a street canyon and the effect
of barriers on this process were carried out. To solve this problem, a Reynolds-averaged Navier-Stokes equation was
used. To solve this problem, a turbulent DES model was used, which showed good results for the test problem. To
test the mathematical model and the numerical algorithm, the test problem was solved. The obtained numerical
results were compared with experimental data and the results of modeling by other authors. After checking the
mathematical model and the numerical algorithm, the main problem was described considering the process of
pollutant emission between houses using different barrier heights. As a computational area, a model of a street
canyon was taken with a ratio of sides that ranged from 0.05 m to 0.2 m. As shown by numerical modeling, the
presence of barriers leads to the appearance of an additional vortex in the space between objects, which increase as
their height increases. As a result, it can be observed that most of the contaminants are trapped between them. In the
course of various studies it was revealed that the presence of barriers along the roads reduces the concentration of
harmful substances in the air. So when using a grass barrier height of 0.1 m, the concentration value falls into the
section x=0.05 m more than 1.5 times as compared without using barriers. Thus, it can be said that barriers provide
good filtration of polluted air, which has a detrimental effect on the environment and human health.

Keywords:air pollution; pollutantsdispersion; concentration fluctuations; high concentration; transport; urban
street canyon.

1. INTRODUCTION

Today, statistically, it can be observed the high level of an urbanization that led to the fact that people
began to move more often to the large cities with rich infrastructure. All this caused rapid growth of urban
population around the world which only amplified with development of science and technology. If in the
middle of the last century the rural population were twice more than urban, then in 1990 43% of world's
population lived in the cities, and these are 2.3 billion people. By 2015 this number grew to 54% or 4
billion people, and, according to forecasts, by 2030 about 60% of world's population will live in the cities
[1]. Big cities involve the high level of pollution to the environment as in the large cities, the main source
of air pollution (70-80%) are exhaust gases of cars, with growth of urban population the number of
harmful emissions in the atmosphere sharply increases. High air pollution considerably increases
incidence of the population. In this regard, the purpose of this work is studying of pollutants distribution
in the cities and influence of acoustic barriers on this process.

A large number of researches were conducted to study this problem. For example, in research
influence of stability conditions of the atmosphere on pollutants distribution of city canyons [2] which
showed that at emergence of an air pollution source it was observed instability of air flow, the involving
emergence of a whirlwind between buildings on site of collision of two flows. In other paper [3] was
estimated influence of different conditions to temperature stratification on pollutants distribution near the
uninsulated multi-storey building. From all numerical models, according to results, the LES model gives
more exact forecasts of speed for neutral conditions, than for others. Also influence of billboards on
pollutants distribution on streets with a different party’sratio of H/W where W — width of a canyon, H —
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height of a canyon was estimated [4]. The case with H/W=2 shows smaller concentration of pollutants,
than a case with H/W=1. With a versatile source vertical and two-layer billboards result in larger
concentration, than side and single-layer.

In paper [5] was applied k-¢ turbulent model to an influence research at presence of the buildings
located against wind on pollutants distribution in the multi-storey building. According to results, existence
of buildings above on a current has a significant positive effect on ventilation of the building at the
oblique winddirection, than at normal impact of wind as they have an insignificant impact. In other
similar research [6] authors applied the LES model to studying of the air pollution impact caused by cars
on air quality in rooms of buildings with natural ventilation in close proximity to the carriageway. In this
work influence of such factors as distance from the carriageway to the building, the wind speed, particle
size, arrangement and the size of a window were studied.

In paper [7] dispersion of the pollutants which are thrown out from a source on the bottom of a city
canyon caused only by thermal buoyancy force created by the heated outside surfaces of the building and
a bottom of a street canyon was investigated. They also considered how the different horizons (skylines)
will influence deduction of pollutants in city canyons. In paper [8] was carried out computational
modeling of pollutants dispersion in canyons with different ratios of the parties with using DES. This
research shows that for street canyons with W/H=1 and W/H=2 the upper corner of a leeward wall will be
a zone of the contaminating impurityaccumulation, and in case of W/H=2 such zone can arise in the
middle of the lower part of a canyon. In paper [9] was applied LES to define whether it is possible to
classify flow models on some identified modes in a three-dimensional canopy of the city building and to
define the main features of distribution of pollutants in the different modes of a flow.

Also influence of chemical reactions, chemically active pollutants on structure of a flow and
dispersion of pollutants was investigated. In paper [10] was conducted a research to study influence of
bimolecular reactions and city configurations on concentration and transfer of pollutants of air at the city
microlevel. The LES model in combination with second ordered speed constant model was used for
computer simulation. In the paper [11] developed and implemented a computational model of
hydrodynamics in combination with the mechanism of carbon communications of IV (CBM-IV) for
studying of chemically active pollutants dispersion in urbanareas. With use of this model dispersion of
reactive pollutants in a street canyon above with a ratio of the parties of equal 1 m is investigated.

In paper [12] the research for definition influence of computing parameters, such as permission of a
grid, step size on time, on characteristics of Navier-Stokes's (RANS) equations with Reynolds-averaged
stability model, a method of large vortex method (LES) and model with the deferred vortex simulation
(DES) was conducted. According to results, the LES model gives the most exact forecast of pollutants
distribution in comparison with results of an experiment in the wind tunnel. In the paper [13] used the
system of modeling Quick Urbanand Industrial Complex (QUIC) for a research of influence of buildings
presence on dispersion of exhaust gases in the city. In point comparison concentration of vehicles
emission was usually higher for a case with buildings because ofthe increased holding time of pollutants
in street canyons. However, it is possible to observe the return when concentration in all area was on
average lower for a case with buildings.

Influence of trees presence on distribution of pollutants was investigated in paper [14]. Authors
developed new structure (framework) of modeling, the connecting LES and Lagrangian stochastic model
(LSM) for this purpose. Results of this research showed that trees which are higher than building height,
have the most considerable impact on distribution of pollutants and on air flow in general.

There were many experiments on a research of flow structure in city street canyons. In paper [15]
made an experiment to investigate interaction between inertially managed flow caused by surrounding
winds, and the flow caused by force of buoyancy and uneven walls heating of a canyon.

2. Mathematical model

Computer simulation was carried out with use of the DES model which represents a combination of
the LES and RANS models. The LES method is used for modeling of certain areas of a flow, and RANS

for an interface. The new parameter determinedasd = min(d,C, A) where A = max(Ax,Ay,Az)is the

large scale of a cell of a grid, and C,, - empirical values, in our case equal 0.61, guarantees the correct
switching of the modes between LES and RANS.

des
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Main equations of the LES model:
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where u;andu; components of speed, p — pressure, p — density, with — concentration of the

contaminating impurity and ¢— viscosity. RANS was used in an interface for increase in accuracy of
modeling near a wall. It was used the Realizable k — & model which is improvement of the Standard k — &
model. Kinetic energy of turbulence is defined as:
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Turbulent viscosity:
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Where (€2;) the tensor of average speed of rotation observed in the frame of reference rotating with
angular speed wy. Ag and A is defined as:
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Model constants:

C,=144,C,=19,0,=10,0, =12
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3. METHOD OF SOLUTION
It was used a semi-implicit method for the equations connected with pressure, or SIMPLE [16-19] for
correction of pressure. The SIMPLE method was developed and presented by Spalding and Patankar [16].

4. DESCRIPTION OF AN EXPERIMENT

It is supposed that the direction of wind is perpendicular to a street canyon. Circulation in a canyon is
caused by a flow over a canyon. In the lower part of the camera center the line of a source of pollutants as
in figure 1 was placed.
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Figure 1— Geometry of a test problem

A mixture of air and ethylene C,/{, with a concentration of 1.2% was used as pollutants. The speed

of the air flow over the canyon was equal to 1 m/s, the speed from the linear source was equal to 0.1923
m/s.

5. COMPUTATIONAL MODELING

As estimated area the model of a street canyon with the ratio of the parties equal to 1 was used. As in
this research it wants to estimate influence of barriers presence on distribution of pollutants, it was needed
to add a wall for their modeling. Such walls are located as on the right, and to the left of the line of a
source. Modeling was carried out for 3 different heights of barriers: 0.05 m, 0.1 m and 0.2 m.

Figure 2 — Task geometry with different type of a barrier with height

Computer simulation was carried out on Ansys 18.0 on a heterogeneous grid with a scale which will
increase from a bottom up to top of geometryfield. The space near the line of a source has the smallest slot
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pitch equal to 1 m, and the space over a canyon has slot pitch of 5 m. Thus, grids for these three
geometries have 3706717, 3921432 and 4357700 elements for height of a barrier of 0.05 m, 0.1 m and 0.2
m respectively, as in figure 2.

6. RESULTS AND DISCUSSION
In figure 3 mean values of velocity components on for all the time of calculation is represented.

Figure 3 — Mean value of components of speed

In figure 4 lines of current for different heights of barriers are represented. It is possible to notice how
in process of increase in height of barriers new whirlwinds appear and amplify. Thus for h=0.2 m flow
direction near a source of the contaminating impurity changes on opposite.

In figure 5 distribution of concentration of the contaminating impurity in a street canyon where it is
visible that with a barriers height of 0.2 meters concentration of pollutant between barriers considerably
increases in space is represented.

Figure 4 — Lines of current for different heights of barriers
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Figure 5 — Distribution of concentration of the contaminating impurity

In figure 6 it is shown a velocity profile. In figure 7 the concentration profile is represented.
Apparently, from drawings barriers reduce concentration of the contaminating impurity approximately
twice at X=0.05 m, and leads to insignificant increase in concentration at X=0.95 m. At the same time
whenbarrier height of 0.2 m the most part of pollutant remains in space between barriers and in general
reduces concentration near houses.
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Figure 7 — Concentration profile for different sections
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7. CONCLUSION

Computational modeling of the contaminating impurity distribution in a street canyon with barriers to
different heights was carried out. For computational modeling the DetachedEddySimulations (DES)
model which showed good accuracy at a solution of a test problem was selected. To check model the test
problem, results which showed that the selected model is suitable for computational modeling was solved.

As show results of modeling, existence of barriers has significant effect on distribution of the
contaminating impurity. Concentration of impurity on leeward of a canyon decreases approximately
twice, and from less windy party slightly increases though apparently from the received diagrams it is still
twice lower, than on leeward. At the same time concentration of pollutant between barriers considerably
increases in space. Proceeding from it is possible to tell that barriers provide protection of houses not only
against noise, but also against the contaminating impurity which are thrown out air vehicles.
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TYPFBbIH YA AYMAFBIHJIAFBI JIACTAYIIBI 3ATTAPJIBIH,
TAPAJYBIHBIH CAHABIK MOJAEJIAEYI

AnHoTanusi. ByJ 3epTreyie kellle KaHbOHBIHJAFBI JTACTAYIIBI 3aTTAP/IbIH TAPAYbIH CaHJBIK MOJCICY JKOHE
OCHI y/iepicKe KefepriiepiH ocepi kyprizingi. byn moceneni ey yuriH PeliHonb/c opraiiananranbl OOibIHIIA
Hagwe-Ctokc TeHzeyi KoamaHbsuiabl. by moceneni memy yiria DES TypOyneHTTIK MoOJieli KOJIIaHBUIIBL,0M TECT
TarChIPMachl YILIIH aKChl HOTHXKENEp KOepceTTi. MaTeMaTHUKallbIK MOJIENb/I KOHE CaHJBIK aJIrOPUTMII TEKCepy
YIIIH TECT TAlChIPMAChl MICHIUIAI. AJIBIHFAH CaHIBIK HOTIDKENICP 3KCIEPUMEHTANIBIK JICPEKTEPMEH JKOHE 0acka
ABTOPJIAP/BIH YIITUIEY HOTHIKEIEPIMEH CANBICTHIPHUIIbL. MaTeMaTHKAIBIK MOJENbIl XOHE CaHIBIK alrOPUTMI
TEKCEPreHHEH KeWiH YWIep apachlHIaFbl JIACTAYIIBl 3aTTapIblH SMHCCHS TPOLECIH ECEeNKe ajia OTBIPHII,
KeJeprijiepIiy op Typii OWIKTIKTepiH maigananyja Herisri Minaertepi cunartanran.0,05 m-gen 0,2 M-re aeHiHri
JTUAITa30H/IaFbl apaNIBIFBIHIA APAKATHIHACKH Oap Kollle KAHFOHBIHBIH MOJIENI €CEeNTIiK aitMak peTiHme ansiHabl. CaHIbIK
YiTiey KepCceTKeHIeH, KemepriHiH OWIKTITiHIH e3repyiHe OaillaHBICTHI, KeAepriiepAiH Ooiybl OOBEKTiIEp
apachIHIAFBl KEHICTIKTE KOCBIMINA KYHBIHABI mMaiifa OodybIHA anblll Keleni. HoTwkeciHae mactaymibl 3aTTapIblH
KOIILIUTIIr OJlapAbIH apachlH/arbl Ty3aKKa TYCeTiHIH Oaiikayra Oosiasibl. Op Typii 3epTreysep OapbIChIHAA KOJ
OolibIHIaFEl Kemepriiepaid Ooybl ayanarbl 3USIHIbI 3aTTap/blH KOHIEHTPALMSICHIH TOMEHICTETIHI aHBIKTAIbI.
Conppikran Ouikriri 0,1 M 1mien keaepricin naigasanraH Ke3e Worbipiany MoHi x=0,05 M KUMachIHIa Typa Keje/i,
Kenepriiepal maiinananOaii-ak canpicThipranga 1,5 ecemeH asasnpl. OchUtaiiina, KOpIiaFaH opTa MeEH ajaM
JICHCAYJIBIFBIHA 3USHBI 3aTTApIbIH OCEp €TYiH alJbIH alyFa XOHE KeIepruiep JacTaHFaH ayaHbl KaKChl CY3Yii
KaMTaMachI3 €TETiHIH aiiTyFa Ooapl.

Tyiiin ce3mep: ayaHblH JIACTAHYbI; JIACTAYIIBI 3aTTAPAbIH IUCIEPCUSACH]; KOHIICHTPAIMSHBIH aybITKYbI; )KOFaphI
KOHIIEHTPAIMSIIAP; TaChIMAN/Iay; KAIabIK KOIlle KAHbOHBI.

A.A. Ucaxos, A. Abaii, I1.T. Omapoga, K.E. bex:xxkururona
Mexanuko-maremaruueckuii Gpakynsrer, KasHY Anp-®Dapadu um., 050040, Kazaxcran

YUCJEHHOE MOJEJIUPOBAHUE PACHHPOCTPAHEHUE
SATPASHAIOIUX BEIIECTB B )KUJIBIX PAUOHAX

AHHOTauMA. B TaHHOM HcCce10BaHUU NPOBEACHO YUCIEHHOE MOJIEIUPOBAHUE PACTIPEIEICHUS 3arpsI3HAIOIINX
BEIIECTB B YJIMYHOM KAaHHROHE W BIUSHHS OapbepoB Ha ATOT mporecc. s pemieHWs 3ToW 3amadd  ObLIO
HCTIOJNB30BaHO ycpenHeHHoe Mo PeitHombnacy ypaBaenue Habe-Ctokca. [ pemieHus 3Tod 3amauym  Obuia
UCTOJB30BaHa TypOyineHTHas mojens DES, koTopas mokaszaia XOpOIIHe pe3ylbTaThl JUisi TeCTOBOHM 3amaun. s
MPOBEPKH MAaTEMaTHYECKOH MOIENH W YHCIIEHHOTO ajlropuTMa OblIa peIIeHa TecToBas 3ajgada. llodydeHHBIC
YHUCIICHHBIE PE3yIbTAThl CPABHUBAJIHCEH C AKCIIEPUMEHTAIBHBIMU JaHHBIMHU U Pe3yJIbTaTaMU MOJCITUPOBAHUS JPYTUX
aBTopoB. [locite mpoBepkr MaTeMaTHIECKOW MOJIENH M YUCICHHOTO alropuTMa OblIa OmFcaHa OCHOBHAs 3ajaya

— 74 ——




ISSN 1991-346X 4.2019

YYETOM MPOIIECCa AMUCCHU 3arps3HAIONIMX BEIIECTB MEXAy JOMAaMH, HCIHOJB3YIOIMMH Pa3InYHble BBICOTHI
Oapbepa. B kadecTBe BHIUUCIUTENLHON IUIOMIAAN ObUIA B3STa MOJIENb YIMYHOTO KAHHOHA C COOTHOILICHUEM CTOPOH,
koTopoe komebanoce ot 0,05 m mo 0,2 M. Kak moka3eiBaeT YHCICHHOE MOJCIHPOBaHHUE, HaIH4NEe OapbepoB
MPUBOJUT K MOSIBJICHUIO JOIOJIHUTEILHOTO BUXPS B IPOCTPAHCTBE MEXKAY 00BEKTAMHU, KOTOPBIH yBEIMYUBAETCS IO
Mepe YBEJIMYECHHUs] UX BBICOTHL. B pe3yibTare MOXHO HaOMI0JaTh, YTO OOJBIIMHCTBO 3arpsi3HSIOUIMX BEIECTB
MOMAAeT B JIOBYIIKY MEXIy HUMH. B XoJe pa3iu4HbIX HCCIEAOBaHMII ObLIO BBISBICHO, YTO HalM4yKe OapbepoB
BOJIb JOPOI' CHMXKACT KOHUCHTPAUWIO BPEAHBLIX BCIIECTB B BO3YXC. H03TOMy IIpyu UCIIOJIB30BAHUU TPABAHOTO
baprepa BhicoTO 0,1 M 3HaUYeHHE KOHICHTpanuu TmomagaeT B cedenue x=0,05 m Oonee yem B 1,5 pasa mo
CpaBHEHHIO ¢ 0e3 HCIoJb30BaHUs OapbepoB. Takum 00pa3oM, MOXHO CKa3aTh, YTO Oapbepbl 00CCIEYMBAIOT
XOpOIYI0 (UIBTPALMIO 3arPsI3HEHHOTO BO3JyXa, YTO MaryOHO CKasbIBaeTCs Ha OKPY’KAIOIIEH cpene W 310pOBbE
YeJIoBeKa.

KitroueBble ci10Ba:3arps3HEHHE BO3/yXa; JAWCIIEPCHS 3arpsi3HAIONIMX BEIIECTB; KOJICOAHWs KOHIIEHTpaluW;
BBICOKHE KOHIICHTPAIINH; TPAHCIIOPT; TOPOJCKOH YIUUHBII KaHBOH.
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