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The paper presents a mathematical model of pollutant dispersion in turbulent airflows
within the atmospheric boundary layer. The model is based on the advection—diffusion
equation and the system of Navier—-Stokes equations, complemented by the k& — ¢ tur-
bulence model. In this formulation, the model provides an accurate description of the
spatiotemporal dynamics of pollutant concentration. A point emission source is intro-
duced through the Dirac delta function, which makes it possible to correctly represent
localized pollutant releases. For the numerical solution of the problem, an algorithm
based on a finite-difference scheme with directional (upwind) flux approximation and it-
erative pressure correction using the conjugate gradient method is proposed. Boundary
and initial conditions are formulated for the near-surface atmospheric layer, taking into
account the spatial inhomogeneity of the wind field and the vertical gradient of turbulent
energy. The developed model ensures a stable solution and can be applied to analyze
pollutant dispersion dynamics, forecast air quality, and optimize urban ventilation sys-
tems under various meteorological conditions.
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1 Introduction

Air, water, soil pollution and others such as pollution many forms available. Air pol-
lution in the world of death main ecological reason is [1-4]. Atmosphere the air pollutant
substances, including carbonate anhydride, lead, nitrogen dioxide, ozone particles and
sulfur dioxide [5-10] factories, industry and from transport Transport sector car waste
because of large city in the centers air pollution big part for is responsible for the popu-
lation health save, how storage necessary understanding street in the canyons or other in
cities acceptance to be done air quality important to the community has. Last one how
many ten in years many researchers experimental and digital from models used without
air quality control to do attention they focused. experimental research pollutant of sub-
stances spread right show not received because of, digital models last one how many ten
in years street canyons in the environment air pollution local sources plants existence such
as one how many in aspects study for main tool as used [11, 12| and dust [13], surrounding
air flow and the air pollutant of substances spread [14-24|. Chan and etc. insulation done
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street in the canyon the air pollutant dispersion two measurable model offer [16] Dust and
others. various high altitude city street in the canyons pollutant dispersion prophecy to
do for wind tunnel model used [17]. Who and others. city street in the canyons stream
and pollutant of substances to spread heat the impact [20]. In 2011, Liu wind area was
or not been in cities car exhausts spread prophecy to do for two digital the model of-
fer [25] His in the model building and street canyon configuration impact and pollutant
substances in the spread moving vehicles by working released turbulent energy studied.
One how many year later, in 2014 emission sources husband under to the level close lo-
cated street in the canyons pollutant of substances spread according to digital research
Madalozzo by mass storage pseudo-convulsion hypothesis, Navier-Stokes equations, en-
ergy equations and pollutant substances transportation from the equations used without
done [26]|. Their results this shows that the temperature and street-canyon geometry wind
of the low movement, polluting substances also affects concentration does. Aristodemou
and others mesh- flexible incompressible turbulent flow big whirlwind simulation using
seven building in the configuration tall buildings to turbulent flows and pollution to spread
the impact learned [24]. Suebi and Pochai In Bangkok, Thailand Skytrain platform under
traffic jam in the zone air pollution digital accordingly [27] Ravshanov, Sharipov and other
scientists by of the atmosphere border in the layer harmful of substances spread processes
mathematician models offer was done [28]. Available from models taken results mainly
row buildings located street in the canyons pseudo-convulsion guess with or not been
without incompressible liquid to the flow based on because of, street with transportation
in the canyon related air pollution about our understanding very limited.

This in the study we wind speed street with transportation in the canyon related air
pollution to dispersion the impact we learn. Atmosphere pollution only for pollutant
CO,, adiabatic in process of the problem manager Reynolds equations average Navier-
Stokes (RANS) compressible turbulent flow equations and C'O, concentration convection-
diffusion equations The issue is being considered. solution for limited elements method is
applied.

2 Mathematical model

Spatially heterogeneous The mathematical model of the process of diffusion of
matter in a turbulent flow of atmospheric air with complex geometry is described
by the following differential equations:

The advection-diffusion equation is used to determine the spatiotemporal distribution
of the concentration of a pollutant. Advection is the transport of matter or energy by
a flow, that is, the process of moving matter or heat along with the liquid or gas itself.
Diffusion is the process of spreading matter or heat from a high concentration to a low
concentration due to the movement of molecules, or the mixing of a liquid or gas due to
flow turbulence. These two processes play an important role in understanding how matter
or heat moves within a liquid or gas and are used in many practical processes.

oC u@C’ U@C w@_C_
ot Ox dy 0z

0 oC 0 oC
%«I/‘F t)a )+8_y(( —l—l/t)a—y)—i-
0 oC
+—az((v + ”’f)_az ) + Sc

The equation above is one of the modern turbulent models for calculating wind speeds
and turbulent diffusion coefficients. k —w and Navier — Stokes from the equations we use.
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Conservation of mass states that no mass is created or lost in a flow of a liquid or gas.
If the flow is incompressible, that is, the density of the liquid or gas does not change over
time, then the continuity equation states that at any point in the flow the sum of the
velocities of the fluid flowing in different directions must be zero. This ensures that no
mass is created or lost in the liquid or gas:

ou Ov  Ow
ox + oy + 0z

The Navier-Stokes momentum equations are written as velocity projections onto the
corresponding axes of a rectangular Cartesian coordinate system. These equations relate
all forces acting on the fluid, including pressure gradients, shear forces, and external forces.
The equations of motion for incompressible flow are introduced in the directions x,y and
z. Each equation describes the time-dependent variation of the velocity component of
the fluid in the corresponding direction, taking into account convection and diffusion
processes, pressure gradients, and shear stresses:

ou ou ou ou 10P
FUu—F+ v —Fw—=——F7+

ot ox dy 0z p Ox

To ensure that the flow is incompressible, the pressure distribution auxiliary equation,
using the pressure correlation equation, is used in fluid dynamics, specifically the Navier-
Stokes equations, to find the pressure distribution. While the Navier-Stokes equations
determine the flow velocity, the pressure correlation equation allows us to find how the
pressure is distributed over the entire area.

Once the temporal velocity fields are found, we write the pressure correlation equation.

To ensure that the flow complies with the incompressibility condition, the auxiliary
equation for the Poisson pressure distribution is:

o?P  0°P  09°P

0x? + Oy? * 022

_ (8u8u+28u81) 8@8v+2@8_w+28v8w 8w8w)
Ox Ox Oy dxr Oy dy 0z Ox 0z 0y 0z 0z
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The turbulent kinetic energy (TKE) equation describes the change in kinetic energy
in turbulent flow. In turbulent flows, kinetic energy is in the form of small vortices or
eddies. The TKE equation describes how the energy of these eddies is produced, diffused,
and dissipated (lost). This equation plays an important role in understanding how energy
is distributed in turbulent flows and is used to calculate turbulent viscosity:

ot or Oy 0z Ox oy ) Ox

8 Vi 3/43 a Uy ak *
+a—y((V—|—O_—k) a—y>+£<<y+a—k> &)—Fpk—ﬁ kw.

The turbulent kinetic energy dissipation rate equation describes the dissipation, or
loss, of turbulent kinetic energy. The energy frequency changes from large eddies to small
eddies, and in the process of decay, it is converted into another type of energy. This
equation describes how the dissipation is separated from turbulent kinetic energy and
how it is converted into heat on a small scale. The frequency equation is important in
the model of turbulent flows, helping to accurately describe the loss of turbulent energy:

S R ) I LA LA Y LA A
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The formulas for determining turbulent kinetic energy and its frequency using pressure
are as follows:

P. = 8_u+@ 2_|_ @+a_w 2_|_ @_}_a_w :
R oy Ox "\ 5. T ox "\ 52 oy )

The above formula means that the pressure gradients are calculated from the projections
of the velocities.

The explanation of the variables and constants involved in the above system of equa-
tions, as well as their units of measurement and their space, are given in Table 1 below:

Table 1. The explanation of the variables and constants
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* Explanation Unity Space
y The velocity component of the flow in /s R R
the x direction
N :;ic;:;gl component of the flow in the y s R R
" Velocity component of the flow in the z /s R R
direction
o Current density kg/m? R} SR
p Pressure in a liquid or gas Pa R} SR
v Represents internal friction (resistance) ms R™
Kinematic viscosity in turbulent flow ,
v . . ms R OR™
(turbulent viscosity)
Vv, Effective viscosity m?s R R
® Frequency of turbulent kinetic energy m/s? R3 OR™
k Turbulent kinetic energy m#/s? R} R
c Concentration of the substance being kg/im3 R R
dispersed
P Turbulent kinetic energy generation mi/s3 R} SR
Cie.Cye.C,, | Empirical constants - R
oo Diffusion coefficients of turbulent i r*
77 % | energy and frequency
a.B.p | Empirical coefficients - R*
E, F,F, |External influences on velocity fields m/s 2 R? SR

R3? — R — three dimensional in space function real number value represents.
R? — R* — three dimensional in space function positive real number value represents

R™ — positive real numbers space ( parameters for permanent or functional values ).
R — real numbers space (constant values).

Above equations numerical research to do for every one in the equation unknown

functions following to look has:

Qxyzt = { (Iz = ZA:L‘, Y; = ]Ay7 2k = k}AZ, b = ZAtf) )
=0

Aty = min

7::1>N.I7 j:17Ny7 k:17N27 nZOaNta

Ax Ay Az

Az?

Ay?

mazx(uy)’ mazx(vy) maz(wy) 2(v + max(vyy))’

Az?

2(v +maz(vyy))’ 2(v + maz(viy))
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The network was considered to be defined in the field.

The initial conditions for the given equations are given below.

x € QF yey, .,z e; t=0,u(z,y,z,t) = ug,

z,Y,2,t?

(‘ray?'zat) _UO7 (x7y7zﬂt) —wo,k:(x,y,z,t):ko,
e(x,y, Zat) = 80,0(1‘,@/,2,75) = Co,p(x,y,z,t) = Do-

x,Y,2,t?

The boundary conditions for the given equations are given below.

Initially, the function to determine whether the function is increasing or decreasing
at the boundary points, that is, whether the flow is inward or outward relative to the
coordinate direction, is given as follows.

Pvpka

((—1,(x =0) A (B(x +2Az,y,2,t) — B(x + Ax,y, 2,t) < 0);
—2,(1‘:Lx)/\(B(.CE—2A£L',y,Z,t) B(a:—Ax,y,z,t)<O);
—3,(y =0) A (B(z,y + 2Ay, z,t) — B(z,y + Ay, 2,t) < 0);
—4,(y = Ly) N(B(z,y —2Ay, z,t) — B(z,y — Ay, 2,t) <0);
=5,(z=0) A (B(z,y,z + 2Az,t) — B(x,y,z + Az, t) < 0);
—6,(z=L,) N (B(z,y,z — 2Az,t) — B(z,y,z — Az, t) < 0);

Ch(z,y,z,t,B) =<« 1,(x =0) A (B(z +2Ax,y,2,t) — B(x + Az, y,2,t) > 0);
2,(x = L,) N(B(x —2Ax,y,2,t) — B(x — Az, y, z,t) > 0);
3,(y=0)A(B(z,y +2Ay,2,t) — B(x,y + Ay, z,t) > 0);
4,(y = Ly) N (B(z,y — 2Ay, 2,t) — B(z,y — Ay, z,t) > 0);
5,(z=0) A (B(z,y,z + 2Az,t) — B(x,y,z + Az, t) > 0);
6,(z=L,) N (B(z,y,z — 2Az,t) — B(z,y,z — Az,t) > 0);
[ 0, else.

The following function is used to calculate the values of functions at their limit points.
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( Bine(2,9,2,t),Ch(x,y, 2,t, B)=1;

B(z — Azx,y, z,t) + (B (z — Az,y, 2,t) — B (x — 2Ax,y, 2,1)) ;
Ch(z,y,z,t,B) = 2;

Biny(z,y,2,t),Ch(x,y,2,t,B) = 3;

B (z,y — Ay, z,t) + (B (z,y — Ay, z,t) — B (z,y — 2Ay, 2, 1)) ;
Ch(z,y, z,t, B)= 4;

—B(z,y,z+ Az, t) + (B (x,y,z + Az, t) — B (z,y, 2z + 2Az,t)) ;
Ch(z,y, z,t, B)=5;

B(z,y,z — Az, t) + (B (z,y,z — Az,t) — B (z,y,z — 2Az,1)) ;
Ch(z,y, z,t, B)= 6;

B(zx — Ax,y, z,t) +

+(B(x — Az,y,z,t) — B(z — 2Ax,y, z — 2Az,t)) ;

Ch(z,y, z,t,B)=— 1,

Bing(z,y, 2,t), Ch(z,y, z,t, B)= — 2;

B(z,y — Ay, 2,t) +

+ (B (z,y — Ay, z,t) — B (z,y — 2Ay, z — 2Az,t)) ;
Ch(z,y,z,t,B)=—3;

Biny(x,y,2,t),Ch(z,y, 2,t, B)= — 4;

—B(z,y,z+ Az,t) + (B (x,y, 2 + Az, t) — B(x,y,z + 2Az,1)) ;
Ch(z,y, z,t, B)= —5;

Biny(z,y,2,t),Ch(z,y, 2,t, B)= — 6;

B(z,y,z,t), Ch(z,y, z,t, B)=0.

Gl(x>y7 Zat7B) =

Due to the location of objects in the domain and the complexity of the domain,
incoming flows enter the domain based on certain relationships. The functions listed
below are used to determine the values of the incoming flow at the boundary points.

2
3 3 3 3k
o= S (Tu ) ke o= (T )2 ke, = —(Tw. )2 T = -1 )
Eine 9 ( um) ) kmy 9 ( Um) ) Kin- 9 ( wm) ) U 00%
V kmm kln \% kmz
Winz = [ Winy = I y7 Winz = [ [~ OO?Lza

u = Ucos(j)cos(q), v=Usin(j)cos(q), w = Usin(q),
Uing = Ucos(j)cos(q), Viny = Usin(j)cos(q), win, = Usin(q),

Cine = input x> Ciny = Uinput_y» Cinz = input_z»

Cinput_zs Cinput_y, Cinput_y — incoming concentration with flow,

U — resultant flow velocity,
¢ — azimuth angle,
0 — zenith angle.

In the process of solving a system of equations, Py,v; since functions such as are
functions of other functions, the following relations were established at their limit points.
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Go(Ax,x, Ay, y, Az, z,t, B) =
( B(x+ Ax,y,z,t)+ (B (x + Ax,y, 2, t) — B (z + 2Ax,y, 2, 1)) ;
Ch(z,y,z,t,B) = 1;
B(x — Ax,y,2,t) + (B (x — Ax,y, 2,t) — B (x — 2Ax,y, 2,t)) ;
Ch(z,y,z,t,B) = 2;
B(z,y + Ay, z,t) + (B (z,y + Ay, 2,t) — B (z,y + 2Ay, 2, 1)) ;
Ch(z,y,z,t,B) = 3;
B(z,y — Ay, z,t) + (B (x,y — Ay, z,t) — B (z,y — 2Ay, z,t)) ;
Ch(z,y,z,t,B) =4;
—B(z,y,z+ Az, t) + (B (z,y,2 + Az,t) — B(x,y, 2z + 2Az, 1)) ;
Ch(z,y, z,t, B) = 5;
B(z,y,z — Az, t) + (B (x,y,z — Az, t) — B(x,y,z — 2Az,1));
Ch(z,y,z,t, B) = 6;
=< B(r+Az,y,z,t)+ (B(x+ Ax,y, 2,t) — B(x 4+ 2Ax,y, 2,t));
Ch(z,y,z,t,B) = —1,;
B(z — Az,y, z,t) + (B (x — Az,y, 2,t) — B (x — 2Ax,y, z,1)) ;
Ch(z,y,z,t,B) = —2;
B(z,y+ Ay, z,t) + (B (x,y + Ay, z,t) — B (z,y + 2Ay, z,t)) ;
Ch(z,y,z,t,B) = —3;
B(x,y — Ay, z,t) + (B (z,y — Ay, z,t) — B (x,y — 2Ay, 2, 1)) ;
Ch(z,y,z,t, B) = —4;
—B(z,y,z+ Az, t) + (B (z,y,2 + Az,t) — B(x,y, 2z + 2Az,1)) ;
Ch(z,y,z,t, B) = —5;
B(z,y,z — Az, t) + (B (x,y,z — Az, t) — B(x,y,z — 2Az, 1)) ;
Ch(zx,y,z,t,B) = —6;
| B(z,y,2,t),Ch(x,y,z,t,B) =0.
Every one function for border at the points values to give, the following to look has:

u(z,y, z,t) = Gi(z,y, 2, t,u),v(z,y, 2,t) = G1(z,y, 2,t,v),
w(z,y,z,t) = Gi(z,y, 2, t,w), v (z,y, 2,t) = Gi(x,y, 2, t,u'),
V(x,y, 2, t) = Gi(x,y, 2, t,0"), W' (2,9, 2,t) = Gi(z, y, 2, t,w'),
P (z,y,2,t) = Gaox,y, 2,t,0), P(x,y, 2,t) = Ga(x,y, 2, t, P),
Pi(z,y, z,t) = Go(z,y, 2, t, Pp), k(x,y, z,t) = Gi(x,y, z,t, k),
w(z,y,z,t) = Gi(z,y, 2, t,w), C(z,y, z,t) = Gy(x,y, z,t,C).

F,, F,, F, components of the volumetric force vector acting in the S, respective direc-
tions, z,y, z — source of pollutant emissions.

It should be noted that the Dirac delta function is additionally included in the
advection-diffusion equation to describe the source of diffusion in space and time:

Se=80(r — g,y —ys, 2 — 25) 0 (t —Lg) .

Here:

S — actual power of the emission source;

d(r —xs,y —ys, 2 — 2g) — center;

(xs,9Ys, zs) Dirac delta function in space at a point;

d (t —tg) - tg Dirac delta function when the center is at the point.
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3 Numerical solution algorithm

To investigate the problem numerically, we discretize the search functions using a finite
difference upwind-downwind scheme, divide them by time, and determine the following

operations to be performed at each time step.
e we introduce initial values and initial conditions;
e the temporal velocity field;
e calculation of the temporal velocity field;
e solving pressure correction (Conjugate Gradient method);
e we set the pressure boundary conditions;
e velocity field correction;
e setting speed boundary conditions;
e solving the turbulent kinetic energy equation;
e establish turbulent kinetic energy boundary conditions;
e solving the turbulent frequency level equation;
e establish turbulent frequency level boundary conditions;
e calculation of turbulent viscosity;
e solve the equation of the transport of matter;
e we establish boundary conditions for matter transport;
e recheck convergence and stop or continue iteration.
Calculation of transient velocity fields:
Descritization in the x -direction.

, " u” U5 U1k >0
Yigh ik _ gk o Az 0 Ui jn
At - n %it15k" %k
u',j k Az ) ,J, <0
,J, Uiti 1k 0 n Yk~ %ig k-1 0
,Jk AZ/ ’ Jk > _ w',j,k . Az 0 mk >
]+1 kY k n Yigk+1” %k
U g,k ) ,J k w i,5,k Az ) z,j,k <0
L n  __.n
TRz |Veivij2n (uurl,;, Uisw ) T Veicrjzgn (Y T W) |
1 n n  __ ,n
+A Ve 1:J+1/2 A\ = Yk Ve U 12k \Yije = Wijan +
n _n
+Az2 e w k+1/2 ,J,k+1 Uik ) Ve zijk—l/? i — Wi
The update equation over time is:
/ _ n
o Ui g = Ui gt
n Yijk %14k n
_J Wi . Az if Uigw = 0 —
u Ut .
un i+1,5.k 1,5,k Zf un < O
+At N " AQ% 1,5,k
O T I if o >0 W ik Yk if W >0
. igk Ay ” i,5,k o ik Az ” i,k
n i,j+1,k 4,5,k ; n n i,5,k+1 W4,k ; n
Ui,j,k Ay Zf /Ui,j,k <0 wi,j,k Az Zf wi,j,k <0
n n _am I ) n _an
TRz | Ve i+1/2.5k \ Wit — Yij Vei-1/2,5k \ Wik uz‘ﬂgpk) +
1 n n R ) ) n _n
+At +Ay2 Veigri/ak \Wijine — Yijn Veigj—1/2,k \ Wik ui,jfl,k> +

1 n n _ n _ 1’L _ n
Az |:l/e i,5,k+1/2 (ui,j,k+1 Ui jn ewk 12 \Yign =Yg ]
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Descritization in the y -direction.

. S N S
Yigk“Yigk _ _ ik Az 0 i,k _
At - n Yijk+1 Yijk n
i,7,k Az ’ wi,%k <0
n Vigk~Vic15k n 0 n Yk Y1k n 0
_ ik Az 0 ui,j,k > _ Uik Ay 0 Uik >
v, U v —v.t.
no _itlgk  igk n no _igtlk  Cigik n
0,5,k Az v Wik <0 ik Ay v Vi <0
1 n n _an ) _yn
+A12 Ve i+1/2,5,k U¢+1,j,k ik Ve 1—1/2,5,k Ui,j,k iflyj,k) +
1 n n _an o n _yn
Tag? |Yeigtr/zk \Viginr = Yign Veig—1/2k \Vige ~ Vigan )| T
1 n n o ) n o __ n
+Az2 Ve i,9,k+1/2 Ui,j,k+1 Ui,j,k Ve i,5,k—1/2 Uz’,j,k Um',k—l
The update equation over time is: y — direction.
n ik Vi1 nS 0
_ i3,k Az ’ i,5:k _
n =T
n i+1,4,k  "i,5,k n <0
i,k Az ’ id,k
. 71)TL.7
no _bgk Gj-lk LN
/ _.n i5.k Ay ? i,k
v = ™. At _ 2Js 2Js —
.5,k 4,5,k + n o VijtikYigk no- -
ik Ay ’ i,5,k
n Yigk " Yig k=1 noS
_ 5,k Az n ’ i4,k
v —ph .
i,k Az ’ ik <0
1 n n o an Y ) n _yn
+Ax2 Ve +1/2,5,k Uz‘+1,j,k ik Ve i—1/2,5,k Ui,j,k iflyj,k> +
1 n n N ) _ . n no o ,n .
+At Ta2 |Yeigrr/zh \Yijew — Vi Veig—1/2k \Yign ~ Visoax )| T |
1 n n _an ) n _an
+Az2 [Ve ,J,k+1/2 Ui,j,k+1 ik Ve i,5,k—1/2 Ui,j,k i,j,k—1>}
Descritization in the z -direction.
n n
I, n o YigkTWio15k n
wl’]’k wl7]7k — ui,j,k " Az n ) i,7,k > O _
At n Witk Wik n<
i,5,k Az ’ id.k
wh . —wh.
n 1,7,k i,7j—1,k n
Vi . By 0 Uign = : —
" Wij+1.6— Wik vt < 0
i,4:k Ay P TGk
w™ ij,k_ij,kfl w® >0
- igk Az ” ) i,5,k +
w™ . —w't.
no hgktl  Tigik n
wi,j,k Az ) wi,j,k <0
1 n n PPN ) ) n o
TRz [Ve i+1/2,5,k (wi+1,j,k wi,j,k) Ve iv1/2,jk (wz‘,j,k FLM) w] +
1 n n _agn _n n P ()
Ay? [Ve 1,5+1/2,k (wi,j+1,k wk> Ve 1,j—1/2,k i,5,k i,jfl,k> +
1 n n PN ) _n no _ ,,n
+A22 |:Ve i,5,k+1/2 <wi,]’,k+1 i,k Ve i,5,k—1/2 i,k i,JGk—l)
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The update equation over time is:

w?. , —wl . .
un 1,7,k i—1,7,k Zf u'n, > O

_ i5,k Ax i5,k _
u” Wit 1k~ Wikjk Zf <0
i,5,k Az i,4,k
P RN S RSN if oh >0
o= ™ At — i.gk Ay irjik —
W; i = W, 5+ W T un
b bJs o™ ig+1,k Yigk Zf ot <0
i,5,k Ay W5,k
W Vi T Yigk—1 if w' >0
_ 0,5,k Az i3,k
w" W5 kp1 Wik Zf w” <0
ik Az irjok

1 n n PN ) ) n _an
T3z [Vezﬁrl/?u}k (wwrl,j,k wi,j,k) Vei-1/25k (wi’j”“ wi’l’j”“>

1 n n I o} - no N
+At +Ay2 [Vei7j+1/2,k (wid-‘rl,k Wi sk Veij—1/2k \ Wi = Wioik

n n

1 n n - ) n
+A22 Vei,j,k-i—l/Z <wi,j,k+1 wi,j,k V6i7j7k—1/2 wi,j,k wi,j,k*

Borderline the conditions installation.

— o / ] / !
Uojk = Y1k Urjk = Y15k Yiok = Wik
— / . / !
Ui gk = Wig-1k Wigo = Wij1 Wijk = WijK-1
o ! o / o
Yok = Yijkr YLjk = VI-15k Yiok = Vilk
o / o / o
Yigk = Yig—1ks Yigo = Vij1 Vijxk = VijK-15
— o/ / o / o
Wojk = Wijks Wrjk = Wi-1jk Wiok = Wik
/ o ! o / — o
Wi gk = Wig-1k Wijo = Wij1, Wijr = Wijk-1-
Pressure correlation equation calculation:
Poisson:
! 2 i !
U2y, n Pitlik T Pigk +pz’—1,j,k+
Dijr =~ Ax?
’ 2 ’ / ! 2 ! !
Pijtik — “Pijk T Pij—1k | Pijksr — “Pijk + Pijr—
2 + 2 :
Ay Az
Discretization of velocity divergence.

+

2

Ui j+1,k — Wij—1,k Vit1,5,k — Vi-1

o] +
)|+
)]

7j7k

2Ax 2Ay 2Ax
2
Vij4+1,k — Vij—1,k
+< 2Ay ) "

Uj 5 k+1 — Ui jk—1 Wit1,5,k — Wi—1,5,k

2Az 2Ax

RHS =

+2 +

Wy j.k+1 — Wi jk—1

Ui j.k+1 — Vijk—1 Wi 41,k — Wij—1k i

2 2Az 2Ay 2Az

Temporary pressure values:

PivrgetPicrge | PijrietPijie | PijreitPije
P RHS ( Ax? + Ay? + Az?

_1>'

igk =2 4 =2 4 =2
Ax? + Ay? Az?




28 Ravshanov N. et al.

Pressure for border at points values let’s count.

P(?;_li G2(07 Y Zky b, Pn—',-l) PInj_li = GQ(xbyj; 2k b, Pn—i—l);
P”J_kl Gz(l'i,o Zk,thnJrl) Pnj—}i Gg(xi,yJ,zk,tn,P”“);

K3 K3

PZJrOl o GQ(xZ’y]7O tn7pn+1) Pn]JrIl( - GQ(Z'q,,?/j,ZK, naPn+1).

(2

Update pressure:
n+l __  n / n
Pisk = Pijk + Pk = Pijk):

Velocity field correction:

n+1 n+1
uH oy APk~ Picik,
Zv]ak 17]7k p 2Ax )
n+1 n+1
nti__ BtPijiik — Pijovk
17]7k ZJvk p 2Ay 7
n+1 n+1
W AL Dijkr1 — Piji— L
la]’k Zv]vk p 2AZ

Linear conditions for speeds.

n+1 n+1 n+l __
U’O]k Gl(oaijzkatnau ) vojk

= n+1 n+1 il
_GI(OJijZk;tn,U ) wO]k _Gl(o y]7zk7tn7w )
n+1l __ nal el
ui,O,k - Gl(‘ri707 Zkatnau )7 Uz'()k -

o n+1 n+1 n+1
= G1(x;,0, 2, tp, V"), Wiy = G1(24,0, zg, tp, W),

'fjé = G (74, y;,0, tn, u"), vfj‘% =
= G1(74,y;,0, tn, 0" ), w?j& = G1(24, 5,0, tn, w1,
u?ﬁq = G1(21, Y5, 2k tn, u" ), v?ﬁ =
= G121, Yy, 28, 1, 0", Wity = Gi(wr, gy, 20, b, W™,
uf}L,lg = G124, Y7, 2k, tn, u™ ), U?}'i =
= Gr(@s, Y, 2t "), Wi = Ga(wa, Y, 2ty ™),
ufﬁ( = G1(Ti, Yj, 21¢s tn, u" ), UZ”]*}( =

n+1) n+1

n+1
) U}Z-’ij = Gl(l’i,yj,ZK,tn,w )

= G1(z4,Yj, 2K, tn, v

Turbulent kinetic energy and his/her frequency harvest doer to pressure related coef-
ficient discretization:

n+1 _ ,n+l n+1l _ ,ntl 2
i,j+1,k i,j—1,k + i+1,5,k i—1,5,k +
2Ay 2Ax
n+l _ , n+l n+l _ ., n+l 2
n+l _ . n i, k1 i, k—1 i+1,5,k i—1,5,k
Pkijk_ytivjvk + = - +— — +
7 2Az 2Ax
n+1l ,UnJrl n+1 _ ,,n+l 2
4 Skt bphol | hjtLk ij—1k
2Az 2Ay
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Border at the points values update:

n+1l __ n+1y. n+1
Pk?O,j,k‘ - GQ(Oa y]a Rk tna Pk )7 Pk‘j,jyk
n+1 __ n+1y. n+1
Pki,()’k; - G?(xh 07 2k tn7 Pk )a sz',J,k

n+1 __ n+1y. n+1
Pki7j70 - G2<xi7yj707tnapk )7 Pk

- GQ(II7yj7ZkatnaPkn+1);
- GQ(%‘JJL Zk7tn7 Pkn+1);

_ n+1
i}j,K_GQ(xmijzKatnaPk )

Turbulent kinetic energy discretization.

n _Ln
n+1 ki,j,k kifl,j,k

n+l__1n N LA LV L 7‘L+1
Lk Rk + gk o Az 0 Ui >0
At Tl 1,5k Rk u"tl < 0
¥ Az T ik
n+1%,5,k" Mij—1,k n+1
gk Ay Vi = 0

n —k.
n+1%i+1,k" Mgk n+1
Uz’,j,k Ay ’ i,k <0

K=kl
wn-i-l 9,k = i,j,k 1’ wn+1 >0
+ 1,5,k " z 0,7,k

= prtl ¥
w1 bikr1 Rk wtl < 0 5 ik B ki j i gt
1,7,k Az ’ i,5,k
L V120 \ kit k—ki gk —(v+ V120 \ Kigk—kio1 gk +
A ok Az o Az
V’ﬂ
Aipisege \ kigrie—kige tic1/2gk | Kigk—kig-1.k
+Ay |:( Ok ) Ay (V + Ok Ay +
n n
1 Viigk+1/2 \ Kigk+1—Fijk Viigk—1/2 \ Kijk—Kijk—1
+_ |:<]/ + V) 2R v + 5Js 2Js
Az ok Az ok Az
The update equation over time is:
1Rk 1
un+ 0,5, i—1,5, Zf un+ >0
ik Az K 0,5,k
n—i—kl i+1,j£aC ig,k Zf un+1 <0
7J7+1 k‘n kn - 7J7+1
n 4,5,k 2,0 —1, n
kn+1 n — At 4 U,J,k Ay Zf Ui,j,k >0
k= Rijk no " Zpn )
2575 5Js n+1"i,5+1,k 1,5,k Zf U?’L+1 < O
R nz:,i,kl Ay » i3,k
n 2vh 0] K= n
+ Wi Az if w] ik 0 — P 4 Bk i
w"“ Tkl Rk Zf w’”l <0 & 1,9,k 1,5,kWi 5,k
i,k Az 1,5,k
n n
1 Viivt/2,5k \ Kig1k — Kijk Viic2gk \ Fijk — Kic1jk
~— [\v+ —(v+ +
Ax O Az Ok Az
n n
e | (g P\ Figike = Kige () P Figk = Figoak]
Ay O Ay O Ay
n n
1 Pigi1/2\ Kigpr = Fijre Pigih=1/2\ Figp — Kijr—
Az oL Az oL Az
Turbulent frequency level discretization to do:
n+1 n F1 %Yk~ Wi 1k +1
—_ n 2,7, 1—1,79, n
wivjvk wl?]yk/‘ _|_ ui,j,k : Az : ) u',j,k > 0
n .,
At ?]—_kklwwl,jgx Uik oy n]+1 <0
N1 Wik~ Y=Lk n+1 n+1% k=1 gt
Vi) 31, 7]7 7]7 -
+ gk Ay Vigk = 0 Wik L Az Wisw = 0 —
n+1%,+1,6 Y g,k o <0 wn+1wi,j,k+1_wi,j,k wtl <0
i,k Ay v Uik ik Az ’ iJ

i,4,k




30 Ravshanov N. et al.
Wi, g,k pn+1 2
= ta b b . P,“] g — Bwi it
T n n n
1 Ve ii1yoak ) Yiktgk Yk _ Veic1/2,5k \ “igk Yic1,ik
Az |:<V + Ow Az v+ Ow Az +
n n n n
(v + Wiz | Yigrn "% () + Yigo1/2k | Yigk “ig-1k +
Ay ow Ay ow Ay
n n n n
_’_L v+ V;fﬂi,j,kJrl/Q Ykt Yk —(v+ thi,j,k—l/2 Wik “igk—1
Az Ow Az ow Az :
The update equation over time is:
n+l _  n
ik = Wik
wl o — Wl
n Zy]yk 2717‘77’C N n
45,k A if Uik >0
x
wi +
un i+1,5k ,jk if u
4,7,k ZI; 4,7,k
’J kY LiLk f v >0
,J, Ay 5,k
—At —Wn +
,J+1 k B4,k - n
”k Ay if vy <0
Wigh — Wit if w" >0
,J, AZ .5,k
7] k+1 J k if w' <0
,J, AZ 1,5,k
n n n _ ,n
]- t Z-‘y‘]./2,j7 wz—‘—l,j, 1,5,k yt 7/_1/27]ak wi7j7k i—1,5,k
-— — v+ +
Az O Az
n n n  _ ,n
1 tw+1/2,k‘ wy ,J+1 k i5,k Viij—1/2k\ Yijn i,j—1,k
ay |V Ut A *
+At Yy Ouw Yy
1 Vs \ Wi w.". v who—w
3T ,kl ,J.k ti,j,k—1/2 7,k ,J,k—1
+ v+ i,5,k+1/ i,5,k+ bk + i,j / i,j %,J +
Az 0w Az
wlu]vk n
+ak . Pk 1,7,k - /B 7]k
1,9,k
Boundary conditions.
n+1 __ ny. n+1 __ ny.
k 0,5,k — Gl(oaijzlmt?wk )7 1,9,Np, _G1<xi7yj72Nk7tn>k )7
n+1 ny. n+1 ny.
klOk‘ _G1<x’i707zk7tn7k )7 ZNng _Gl('ri7yNy7zk7tn7k )7
n+1l __ ny. n+l1 __ ny.
]{5’]0 —G1($i,yj,o,tn,k ), k,]Nk Gl(mi,yjaszatnak )7
n+1 __ ny. n+1 __ ny.
Wi = G1(0, 5, 2k, by ™); Wi = G, y5, 2, oy W)
n+1l __ ny. n+1 ny.
ok = G1(24, 0, 25, 1, W"); W'y k= Gi(@i, Y, 2k, b, w");
n+l __ ny. n+l __ n
0 = G1(@i,y;,0, 60, w"); Wy = Gi(@i, yj, 2, by ")
Calculation of turbulent viscosity:
n+1
n+1 _ szzk
timjvk o n+1l-°

i’j’k
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Material transport discretization:

cn.o —cn
n+1Yi,jk i—1,5,k n+1
Bk L, AT L, Uigw = 0
nt+1 Y4156~ Yk n+1
ui,j,k Ax ) ui,j <0
n+1 % Clic1k +1
crtl_om. ) = S T > ()
gk gk W5,k Ay ’ «J7k
= + n B n +
At nd+1% 1.6~ %ik n+1 <0
U i3,k Y ’ i3,k
7 7+1 C C'n i, k—1 ’ ;z—f—l
n 3,3,k ),k
+ w'L gk " Az n ) wi,j > 0
n+1 i,j,kJrl_Ci,j,k n+1 < 0
ik Az ? ,J,k g
1 ntl Cit1k=Cijk _ nt1 Cijk=Ciz1jk
Az [ V+Vt i+1/2,j,k> Ax v+uv tz 1/2,5.k Az | +
1 il Cij+1,6—Cijk il Ciik—Cij_1,k
+ +Ay v+ Vt i,j+1/2,k:> Ay v+ Vt ij—1/2,k Ay +
1 el Cijk+1=Cijk il Cijk=Cijk—1 n+1
+Az v+ Vt i,j,k+1/2> Az v+ Vt i,,k—1/2 Az + SC ij,k
The update equation over time is:
cr, —C"
) 7k — 4, k
i =L, if u"Tt>0
1,5,k A:U 0,5,k
B — Ol "
n+1 7'+17]7 7]
o A if u 1<0
. AT
TL+1 '7j7k 7.7 1 k
» v Ay if v '>0
n I
ik = Cijr — AL [+ cn _on S
’I"L+1 27‘7+17k ’L:]vk - O
v if v <
i3,k Ay i,5,k
cr., —Cr.
1,5,k Jk—1
w2 i wl '>0
4+ Az
n+1 Czq'?j,kﬂ B O 1,5,k
w! A if w l<o0
3Jy Z
L Cirrgn = Cigr _( . Cijk — Cimjk n
ti+1/2,5.k t i 1/2 gk
Ax Ax T
1 Cij+ik — Cijk Cijk — Cij-1k
T [\ t+V —\v+tv +
+At Ay tzg+l/2k Ay tz] 1/2,k Ay
1 -~ Cijr+1 — Cijik -~ Cijk — Cijk—
+— (v + v — v+t +
AZ ti,5,k+1/2 AZ ti,5,k—1/2 AZ
n
+SC i:jzk.

Borderline at points of functions values determination

n+1
O7j7k
n+1
4,0,k
n+1
%,5,0

= Gl(o y]7zkatna0n) C?;_ka
= Gl(xia()a Zkatnﬁcm) CZLJ_\'}yl
= G1(23, 95,0, tn, C"); C:L;rfbk

- Gl(l‘ia Yjy ZNy s tm Cm)’

k= Gl (xiy YNy 2k ln, Cn)a

= G1(x4, Yj, 2Ny s tn, C™).

All functions descritization so that they time according to to divide, to calculate
algorithm using calculation process Let’s start.

Check convergence and continue iteration:
—p" utl —
pn+1

n+1
b > Ru =

Rp - yntl
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wn+1 w™ knJrl — kn
Rw = whtl ) Rk = T )

6n—‘,—l —en On—i—l . Cn
R, = - , fle = Ol

If R,, Ry, Ry, Ry, Ry, R, R the residual values are less than a specified value, the
iteration process is stopped.

If the residual values are greater than the specified value, we continue the iteration
from step 2.

Iteration Continue:

If the residual values are greater than the specified value, we continue the iteration
process:

This iterative process can be used to solve a general discretized system of equations.
At each iteration, the pressure, velocity, turbulent kinetic energy, turbulent frequency, and
mass transport are updated, and the process continues until the convergence conditions
are met.

4 Conclusion

study the transport of pollutants in spatially inhomogeneous atmospheric air based on
the Navier-Stokes equations and the k —w turbulent model. The model takes into account
urban planning elements, meteorological parameters, and emission source characteristics,
as well as the physicochemical properties of pollutants.

The results obtained showed that the model is sufficiently suitable. The calculations
allowed to successfully describe the dispersion of pollutants through turbulent flows in
atmospheric conditions. This model can be used as an effective tool for planning urban
infrastructure and ensuring environmental safety.
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MATEMATNYECKOE MOJIEJINMPOBAHUNE

PACIIPOCTPAHEHIS TPUMECE B TYPBYJIEHTHBIX
BO3AYHIHBIX IIOTOKAX IIO'PAHNYHOI'O CJIOA
ATMOCO®EPBI

! Paswanos H., * Bo6oparumos B.H., ! /Iscypaboesa O.C., > Puckynrosa C.Y.
*uzbekpy@gmail. com
'Haywmo-nceneoarebeknit HECTUTYT PasBUTHA MHMPOBBIX TEXHOIOTHH W HCKYCCTBEHHOTO
UHTEJIJIEKTa,
100125, ¥Y36ekucran, r. Tamkent, Mup3o-Yiyroekckuii p-on, M-B Bys-2, 1. 17A;
2Typunckuii nojmTexHnueckuii ynusepcurer B Tamkenre,
100095, Va6ekucran, Tamkent, Knunk Xamka Wymm, 17.

B pabore npencraBiena mareMaTrdecKast MOJIENb PACIPOCTPAHEHHUsT IIpUMeceil B Typ-
OyJIeHTHBIX BO3IYIIHBIX IOTOKAX IIOIPAHUYHOIO CJI0sT AaTMOC(EPhI, OCHOBAHHAs Ha YpPaB-
HeHnM ajpekiun—auddysun, cucreMe ypasHennii Happe—CToKca U IOIOJTHEHHAST MOJIE-
JIBIO TypOyaeHTHOCTH k — &. B Takoii mocTaHOBKE MOIE/b TO3BOJISAET MOJIYIUTh JTOCTATOU-
HO TOYHOE OIMMCAHME TIPOCTPAHCTBEHHO-BPEMEHHON IMHAMUKHI KOHIIEHTPAIINN 3arPSI3HSTIO-
X BelecTB. TOUevuHbIi ICTOTHUK BRIOpOCa 3adaH depes nenbra-pyHkimo Jupaka, 910
ITO3BOJISIET KOPPEKTHO OMMCHIBATH JIOKAJIM30BAHHBIE SMUCCHH ITpuMecH. s aucaeHHoro
peIlleHns] TOCTABIEHHON 3a/1a4i IPEIJIOYKEH aJlOPUTM Ha OCHOBE KOHEYHO-PA3HOCTHOMI
CcXeMe C HallpaBJIEHHOH allllpOKCUMAaIIUel IIOTOKOB U UTEPAIMOHHON KOpPEKIuel JaBiie-
HUST METOJIOM COIPSI?KEHHBIX I'PAINEeHTOB. | paHnYHbIe U HAYAIbHBIC YCJIOBHUS CHOPMYIIN-
POBaHBI JIJIsI IPU3EMHOTO CJIOSI aTMOC(EPDI C YIeTOM ITPOCTPAHCTBEHHON HEOIHOPOTHO-
CTH BETPOBOTO II0JIsl U BEPTUKAJIBHOTO rpajinenTa TypOyaeHTHOI sHepruu. Paspaboran-
Hasl MOJIeJIb 00ECIIeYNBAET YCTOMYMBOE PEIIEHNEe 3aJa9d U MOXKET OBITh HCIIOJIH30BAHA
JIJIsT aHAJIN3a JUHAMHUKN PACIIPOCTPAHEHUS 3aIrPSI3HSIIONINX BEIEeCTB, IIPOrHO3a KAvuecTBa
BOB/IyXa U ONTHUMUBAINN CUCTEM BEHTUJIAIUHU TOPOJCKON CPENbl IIPU PA3IUIHBIX METEO-
POJIOTHIECKHUX YCIOBUSIX.

Kuarouessbie ciioBa: armocdepHoe MoennpoBanne, TypoyaeraTHass quddy3ust, KOHETHO-
PA3HOCTHAS AIIIPOKCUMAIMS, II0JI€ CKOPOCTEH U JaBJIEHUsI, SKOJOTHYECKOe IIPOrHO3UPO-
BaHUe.

Huruposanme: Paswanos H., Boboparumos B.HU., ocypaboesa O.C., Puckynrosa
C. Y. MaremaTu1ieckoe MOJIEJMPOBaHUE PaCIPOCTPaHEHUsI IIpuMeceil B TypOYJIeHTHBIX
BO3JLYIIIHBIX [OTOKAX HOTPAHUIHOrO cJiosi armocdepsl // ITpobieMbl BBIUUCIUTENLHOI
U IpuK/IaaHoil Mmaremaruku. — 2025. — Ne5(69). — C. 17-34.
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