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Abstract. The aim of the work is to study the influence of forest
plantations on the distribution of pollutants in the ground layer of the
atmosphere. The model that takes into account a variety of factors: the
presence of forest plantations, the variability of pressure, density and
temperature, the presence of a multicomponent impurity, etc., was
proposed for the numerical modeling of the process of transferring air
pollutants to air. The scheme obtained as a result of a linear combination of
the central difference scheme and the «CABARET» scheme was
constructed to approximate the convection operator in this paper. An
analysis of the results of numerical experiments allows to conclude that the
distribution of pollutants in a multicomponent air environment is most
significantly affected by the density of vegetation, and insignificantly
influenced by the width of the forest plantations area.

1 Introduction

The growing anthropogenic load adversely affects to the state of the ground layer of
the atmosphere. In conditions of modern reality, it is impossible to avoid receipt of
pollutants into the air ecosystem. At present, a wide range of theoretical studies on
atmospheric air pollution based directly on the solution of differential equations is
being conducted. Problems of this type are quite complex from a practical point of
view and very significant. Mathematical formulation is not universal enough in works
devoted to these problems.

The transfer of impurities in the atmosphere is significantly influenced by the wind
regime and temperature stratification of the ground layer of the atmosphere, as well as
meteorological conditions. Analysis and forecast of pollutants dispersion in the atmosphere
is necessary for the rational allocation of residential areas and industrial enterprises whose
production waste affects health and comfortable living conditions. The problems devoted to
the analysis of atmospheric air require a large amount of initial data and complex
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mathematical methods of solution. In connection with the growth of anthropogenic impact
on ecosystems, the actual problem of research is the improvement of mathematical models
intended for assessing the state of the air environment. The mathematical modeling is
effective way to solve this problem. It allows to numerically calculate the propagation
fields of pollutants for various widths and densities of forest massifs in the ground layer of
the atmosphere. The use of the interrelated mathematical models complex of the variability
of the atmosphere gas and aerosol composition makes it possible to predict possible
prospects for the development of the ecosystem and the consequences for the development
of building projects, gardening, etc.

Significant factors in the development of aerial ecosystems are the aerodynamic
processes that determine the transfer of pollutants and mixing of the air.

2 Mathematical model

The mathematical model of the impurity propagation process, presented in [1, 2], gives a
theoretical description of this process, takes into account a number of physical factors that
influence the transfer of the impurity, and allows one to predict its course and
consequences.
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Fig. 1. Elements of the interrelated models complex.

Impurity scattering takes into account turbulence, heat and humidity propagation, the
presence of forest massifs in the presented model. These additional conditions form a
system and begin to act as a single set. Developed models also take into account the
presence of forest plantations. Using the "CABARET" schemes allowed the authors of this
work to develop a mathematical model that has the property of stability for a wider class of
input parameters [3].

A set of models used to describe the motion of the air environment and the impurities
propagation in it are presented in Figure 1. The initial equations of the model are shown in
Table 1.
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Table 1. Initial model equations

The equation of motion &, _Llop div(,ugrad(v.)) g
(the Navier-Stokes equation) dt p Ox, ’ !
The equation of continuity (transport 0P N
of matter) 2 +d1v(pv)—dzv(,ugmd(p))-i—lp
The equation of state (an analog of the P= Z P.RT | M,
Mendeleev-Clapeyron equation) i
do.,
The equation of impurity transport % =div(ugrad(p,))+1,
. . d
The equation of heat influx 7? = div(,ugrad(Q)) +div (ﬂgrad (T)) +1,
The equation of the turbulence model Vegs = (C SA)Z S

In the Table 1 ¢, is the volume fractions of the i-th phases: air, water in the gaseous state,

gas at the source, water in the liquid state, soot, v; the projection of the air velocity vector on
the axis Ox;, j = 1, 2, 3; A the coefficient of thermal conductivity, R the universal gas
constant, 7" the gas phase temperature, O the thermal energy, u the coefficient of turbulent

diffusion, p the density, M the molar mass, / the source function, P the pressure [4].

3 Difference scheme for the two-dimensional convection-
diffusion equation

Let consider the two-dimensional convection-diffusion equation

2 2

Z—3+u2—z+v2—z:y27g+,u2y—g, 3)
where t€[0,T], xe[0,L,], ye [O,Ly] q(0,x,y)=¢"(x.»), q(1,0,y)=q(t,L,,y)=0,
q(t.x,0)=q(t.x,L,)=0.

Let cover the domain of definition by a uniform computational grid @ = @, x . X Ey ,
where . ={x,|x, =ih,, i=0,1,...N, No, =L}, @, ={y|y =ih, i=0,1,...N, No =L},
o, ={t,]i=01.}, r=t,,~1,=const.

The scheme (2) for equation (3) will have the form:
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where w, =1, v, =0 for u>0and v, =0, y,=1 for u<0; y, =1, v, =0 for
v>0and v, =0, v, =1 for v<O0.

4 The results of the study and their discussion

The developed model, the algorithms that implement it, and the constructed software
complex allowed to carry out the numerical experiments to simulate the propagation of
pollutants in the ground layer of the atmosphere in the presence of forest massifs. The
influence of the presence of vegetation on the distribution of pollutants under the action of
ascending air currents was studied. Initial data: air density is 1.29 kg/m’; density of
emission is 1.4 kg/m?; ambient temperature is 200° C; emission temperature is 1200° C;
speed of air flow is 1 m/s in the direction of the coastal area; specific emission power is 5
I/s; air velocity at the left boundary is 1 m/s; air permeability coefficient of the vegetative
cover is 50%; the height of the vegetation cover is 30 m, the width of the vegetation cover
area is 50 m [5]. The palette shows the concentration of the impurity. Numerical
experiments have been performed to simulate the movement of pollutants in the presence of
forest plantations (Figure 2) and in the absence of them (Figure 3). The area of forest
plantations is indicated by a rectangle.

The color gradation illustrates the concentration of the impurity. Analysis of Figures 3
allows to conclude that the presence of forest plantations influences the distribution of
pollutants. Impurities under the influence of ascending air currents rise in the area of forest
plantations. Figure 4.a shows the movement of the air in the presence of forest plantations.
Gradation of color shows the intensity of the air movement.

M M
299
0226 0.224

-i -iv
0078 078

M
M
a) b)

Fig. 3. The field of impurity concentrations taking into account vegetation (a) and without them (b).

The figure illustrates the speed field of the air in the presence of forest plantations and
the vortex structures of the air flow located beyond the forest plantations in the direction of
the wind movement. The speed of air movement is increased three times in separate areas.

a) b)

Fig. 4. Trajectories for the distribution of pollutants taking into account vegetation (a) and without
them (b).
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Figure 4.a shows the decrease in the width of the current tube in the area of forest
plantations. Figure 4.b shows the speed field of the air in the case of forest plantations. A
palette shows the intensity of the air movement.

The presence of forest plantations affects the distribution of pollutants. Impurities under
the influence of ascending air currents rise in the area of forest plantations. Figure 4.a
shows the trajectories of pollutants: 1 — the presence of a semipermeable area, 2 — the
absence of a semipermeable area. Figure 4.b shows the dependence of the width of the
current tubes, over which the pollutants spread, in the case of a semipermeable region and
its absence.

Fig. 5. Movement of the air in the presence of forest plantations.

Figure 5 illustrates the vortex structures of the air flow, located beyond the forest
plantations in the direction of wind movement. The speed of air movement is increased
three times in separate areas. Next, the influence of the width of the forest plantations area
on the air velocity and impurity concentration fields was investigated.

5 Conclusions

The proposed methods of mathematical modeling of the motion of air currents enable to
evaluate the influence of forest plantations on the propagation of pollutants in the ground
layer of the atmosphere and the change in the coefficient of turbulent exchange. The
developed model takes into account the transition of water from liquid to gaseous state,
precipitation of matter, transport of impurities and heat, heat exchange between liquid and
gaseous states.

The scientific novelty of the presented results is that the scheme obtained as a result of a
linear combination of the central difference scheme and the "CABARET" scheme was used
for the approximation of the convection operator. The use of "CABARET" schemes allows
to increase the conditions for the applicability of the developed model. The constructed
algorithms are implemented in the form of a software complex that allows to determine the
influence of the presence of vegetation on the distribution of pollutants under the influence
of ascending air currents. The developed model, the algorithms that implement it, and the
constructed software complex allowed the numerical experiments to simulate the
propagation of pollutants in the ground layer of the atmosphere in the presence of forest
massifs. The advantage of the model of the air environment motion is the possibility of
taking into account the influence of forest massifs and turbulent mixing in the equation of
continuity of the medium.

This study was supported in part by task no. 2.6905.2017/8.9 within the basic part of the state task of
the Ministry of Education and Science
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