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Abstract. Currently, a number of environmental problems have a significant impact on the stable 

economic development of the country. A global problem is the study of air pollution. The solution of such 

geoecological problems should be carried out with the use of modern mathematical apparatus and digital 

technologies. The paper presents the results of a numerical study of the distribution of gaseous pollutants 

emitted by motor vehicles in the pedestrian zone of streets. It is shown that the vortex structures formed in 

the studied city buildings development have a significant impact on the accumulation of anthropogenic 

impurities. 

1 Introduction  

Currently, environmental problems remain relevant 

throughout the world despite a number of activities 

aimed not only at solving the problems that have arisen, 

but also at predicting and preventing them. It is obvious 

that all these measures require financial investments and 

have a significant impact on the economy of each 

country. The introduction and use of environmentally 

friendly technologies depends on many factors (scale, 

income, company expenses, etc.). There is greening of 

modern society everywhere, which is reflected in 

science, technology, manufacturing, economics, 

medicine, and other areas of daily life and professional 

activity. In the development of civilization, such a 

scientific direction as geo-ecology remains a priority. 

Studies by Russian and foreign scientists highlight a 

number of issues that show the current importance of 

solving geo-ecological problems for the sustainable 

development of countries and regions, associated with 

the continuation of environmental deterioration and 

natural life support systems, as well as the emergence of 

negative trends in economic and social development. [1] 

The harmonious development of society in the future is 

impossible without a mass geo-ecological orientation in 

various areas of life (from public consciousness to the 

economy). Each person should understand that it is 

unacceptable to live only for today, and it is necessary to 

think about the future of the descendants and their 

environment. To solve geo-ecological problems it is 

necessary to carry out complexes of thought-out and 

strategically grounded measures for decades. Effective 

control and regulation of the state of the environment is 

possible only if humanity constantly accumulates 

reliable data on the current state of the environment, 

correctly applies the knowledge gained and prevents the 

damage caused by society. [1-4] 

A separate direction of geo-ecology is the study of 

such a type of connections in which gradual impacts on a 

system lead to a gradual accumulation of changes in its 

state. An example of such a phenomenon is atmospheric 

pollution, which occurs gradually, but after several 

decades of air quality in settlements is significantly 

deteriorating. Currently, the problem of air pollution is 

one of the most difficult. Everyone knows global 

environmental problems: acid rain, destruction of the 

ozone layer, the greenhouse effect. Atmospheric air 

plays a key role among other components of the 

biosphere, fulfilling its ecological function, protecting 

the planet from absolutely cold outer space and solar 

radiation. In the atmosphere global processes related to 

meteorology, climate and weather occur. By itself, 

atmospheric air is capable of self-cleaning during 

leaching of aerosol components by sediments, turbulent 

movement of the surface layer, distribution of pollutants 

on the surface, etc. However, modern civilization causes 

irreparable harm to natural systems that promote self-

purification of the atmosphere. [5-7] In addition, an 

analysis of the incidence of the population of the regions 

shows that the human impact on the atmosphere has a 

very negative impact on human health, especially in 

cities with developed industry and road infrastructure. 

[7] 

Thus, anthropogenic pollution of atmospheric air has 

a destructive effect on the ecological state of the 

environment, which is advisable to constantly monitor, 

model and predict. In this regard, increases the relevance 

of monitoring the state of atmospheric air. Theoretical 

studies on urban ecology, ecological climatology and 

environmental monitoring were regularly conducted by 

Russian and foreign scientists. The main approaches to 
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solving geoecological problems are substantiated in the 

works of K.S. Bushtueva, E.Yu. Bezugla, ME Berland, 

Yu.A. Israel, A.A. Isaev, I. Turiel, R. Wilson and 

others. [8] 

2 Research methods  

For effective environmental protection measures, quality 

control of the state of emissions to the environment from 

various sources of pollution is necessary. For example, 

the mass fraction of emissions from motor vehicles 

increases every year due to an increase in the number of 

vehicles. This contributes to the fact that gaseous 

emissions from cars become the main source of pollution 

of the urban atmosphere. However, pollutants entering 

the streets during industrial emissions cannot be ignored. 

An effective tool for solving environmental problems 

and a method of ensuring environmental safety is 

mathematical modeling - the most promising direction in 

forecasting opportunities, as well as saving material 

costs and safety of experiments. The tasks of 

mathematical modeling require a large amount of 

computer time. One way to overcome this problem is to 

use multiprocessor computing systems and free software. 

Modeling in atmospheric aerodynamics has been 

developing for a long time. The initiators are considered 

to be Marchuk G.I., Dorodnitsyn A.A. Mathematical 

modeling of aerodynamics of city buildings and the 

spread of pollutants in it continues to develop in Russia 

(Arguchintseva, AV, Gavrilov, AS, Guvernyuk, SV, 

Setukha, AV, Sukhinov, AI, Chistyakov, A.E., 

Starchenko, A.V., Naats, V.Yu. and etc.) and abroad 

(Hunter I.J., Watson I.D., Johnson G.T., Liu C.H., Barth 

M.C., Leung D.Y.C., Kovar-Panskus A., Louka P., Sini 

J-F., Savory E., Czech M., Abdelqar A., Mestayer P.G., 

Toy N. S. Thangam, M.W.Rotach, M.Pavaro, M. 

Shatzmann, M.Leitl, P.Kastner-Klein, E.J.Plate and etc.). 

Models of various dimensions and with varying degrees 

of detail of physical processes have been developed. [1-

18] 

The purpose of this work is to study the 

aerodynamics of city buildings, the analysis of the 

distribution of gaseous pollutants inside the streets based 

on the results of mathematical modeling. To solve this 

problem, it is actual to use modern methods and 

algorithms of mathematical modeling, information 

technology and free software. Mathematical modeling 

methods are a modern tool for preliminary assessment of 

the pattern of air flow and the spread of pollutants in in 

urban setting, facilitating the planning and 

implementation of measures to prevent environmental 

problems. [19] In this paper, mathematical modeling of 

the air flow and the spread of gaseous pollutants was 

carried out using the open source OpenFoam package 

and remote access to the resources of the Institute for 

System Programming named after V.P. Ivannikova RAS 

(Moscow) – UniHUB Web Labs (www.unihub.ru) under 

the program «University Cluster» (www.unicluster.ru). 

[19] The problem solved in OpenFoam contains the 

initial and boundary conditions, the computational grid, 

as well as the physical properties and integration 

parameters of the equations, which are discussed in 

detail in the papers [19-24]. To carry out computational 

experiments, the standard pimpleFoam solver was used 

for turbulent fluid flow, in which the Pimple velocity and 

pressure coupling algorithm is used. It was assumed that 

the moving air is incompressible fluid. The K-epsilon 

turbulence model was used. Computational experiments 

were carried out in a two-dimensional formulation for 

the time interval from 0 to 1500s. in increments of 

0.001s. A uniform computational grid in a rectangular 

computational domain with a step of 1 m in space was 

used, imitating a urban buildings located on the outskirts 

of the city. The urban development consists of seven 

parallel streets, with houses 15m high and 15m wide. 

The air flow was simulated from left to right. The 

distance from the entrance boundary to the windward 

side of the first obstacle was assumed to be ten its 

heights, from the leeward side of the last obstacle to the 

exit boundary - twenty, and from the lower boundary of 

the computational domain to the upper boundary - five 

heights. Researcheds the options with the location of 

sources of pollutants inside one of the seven simulated 

streets. 

3 Research results  

The papers [22-23] present a picture of the flow of air 

and the spread of gaseous pollutants for the case when 

sources with the same amount of emissions are located 

inside each of the seven streets contemporaneously. The 

results of calculations showed that a multi-vortex 

structure is formed above the buildings, the horizontal 

size of which is approximately equal to the four heights 

of the houses. If the first streets are under the influence 

of this vortex structure, the air velocity in them turns out 

to be significantly less, which prevents the ventilation of 

these streets. Also on the pattern of air flow depends the 

distribution of pollutants emitted to other streets. In this 

regard, it is advisable to conduct a numerical simulation 

of the distribution of gaseous pollutants emitted by 

sources located inside one of seven streets. The results 

can be useful from the point of view of regulating the 

flow of vehicles, namely, limiting the number of cars in 

some streets. 

The Figure 1 shows the distribution of the 

concentration of pollutants across the width of streets at 

a height of 2m from the lower boundary of the 

computational area for cases where the source is located  

only inside one of seven streets (curves 1 - 7). 

It can be seen that the largest amount of pollutants 

accumulates inside the first and third streets, and there is 

also a transfer of pollutants to neighboring streets. Thus, 

it is necessary to conduct a study on the distribution of 

gaseous pollutants in cases where the sources of 

pollutants are active inside all streets except the first 

and/or third. 

As a result of calculations, it was found that the 

vortex structures observed in a computational 

experiment and the location of sources of pollutants have 

a significant effect on the concentration of pollutants at 

the level of pedestrians. Elimination of pollution sources 
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in different streets can lead to a decrease in the 

concentration of pollutants in the pedestrian zone. 

Further research is advisable to carry out cases of 

eliminating sources of pollutants, as well as reducing the 

amount of harmful emissions by reducing the number of 

vehicles. This will allow identifying areas for carrying 

out appropriate measurements and preparing 

recommendations for regulating the flow of vehicles. 

4 Conclusion  

Unfortunately, the global geoecological crisis is 

becoming more and more frequent, causing fears and 

concern of the leadership of many countries. The 

problems of geo-ecology are increasingly attracting the 

attention of society and raise the level of understanding 

of the interdisciplinarity of the main global tasks of a 

systemic nature as a result of the interaction of complex 

systems. Geoecological tasks are a combination of 

social, natural, political and economic problems. The 

leadership of the countries carried out a number of 

activities aimed at improving the environmental 

situation. For example, organizational activities urges for 

the population to careful respect the natural system. In 

addition, everyone is aware of measures to improve the 

processing of solid household waste and environmentally 

friendly production. However, the situation remains 

tense and requires serious attention and modern 

scientific research. Due to the fact that not all studies can 

be carried out in real physical conditions, forecasting 

environmental situations using mathematical models and 

digital technologies is becoming increasingly popular 

among Russian and foreign scientists. In this paper, 

studied the spread of gaseous pollutants from cars in the 

pedestrian zone inside city developments. The reliability 

of the results obtained is due to the correctness of the 

problem statement using the hydrodynamic equations 

tested for solving various problems of physics and 

aerodynamics of the atmosphere, as well as preliminary 

comparison with the results of observations. 

Thus, the use of modern methods of mathematical 

modeling and information technologies to solve 

geoecological problems will reduce the costs of 

measuring, analyzing, modeling and forecasting the 

ecological situation in the country and the world, as well 

as contribute to the sustainable development of 

environmental management. 
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