A PHYSICAL SPLITTING METHOD FOR THE SOLUTION OF A PROBLEM OF SPREAD OF HARMFUL SUBSTANCES INTO THE ATMOSPHERE
N.Ravshanov, D.K.Sharipov 
Abstract. In the work of research, forecasting and monitoring of the air mass of the atmosphere of industrial regions, a mathematical model and an efficient numerical algorithm, based on the method of splitting into physical processes, is developed and analysis are done by numerical calculations on a computer.
Relevance. Despite the global economic crisis, the volume of gross domestic product has been increasing steadily. New industrial manufacturing facilities, that significantly affect the natural environment, are being built.  The volume of waste substances, those contain harmful impurities and higher temperature, is increasing. Forming thermals, these things spread into the atmosphere at various distances and create harmful compounds. Falling into the soil and water, these substances damage the wildlife: deteriorate productivity of farmland and cause the loss of products’ quality; create unsanitary conditions for the population, and so on. It makes conceived to solve this acute problem on a global scale.
In this connection, it is necessary to develop a modern system of monitoring, forecasting and decision management by using IT-technologies, methods of modeling and computer simulation for the solutions of aforementioned problem.
Materials and methods. A mathematical model of the process of transfer and diffusion of pollutants emitted into the environment from industrial objects is described using the full equations of fluid mechanics, based on the laws of conservation of mass and momentum, the corresponding initial and boundary conditions [1-4]:
   
[image: image1.wmf]22

22

(,,,)(,,,)(,,,)

(,,,)

()(,,,)

(,,,)(,,,)

(,,,)

(())(,,,),

g

xyztxyztxyzt

uv

txy

xyzt

wwxyzt

z

xyztxyzt

xy

xyzt

zQxyzt

zz

¶q¶q¶q

¶¶¶

¶q

sq

¶

¶q¶q

m

¶¶

¶¶q

g

¶¶

+++

+-+=

æö

=++

ç÷

èø

++

         (1)


[image: image2.wmf])

,

,

(

)

0

,

,

,

(

0

z

y

x

z

y

x

q

q

=

,
when  t=0


(2)


[image: image3.wmf]0

)

,

,

,

(

)

,

,

,

(

,

0

,

0

=

=

=

=

=

=

b

y

y

a

x

x

t

z

y

x

t

z

y

x

q

q

,
       (3)


[image: image4.wmf]0

(,,,)

sin(,,,)(,,,)(,,,)

g

xyzt

xyztxyztfxyzt

n

¶q

gvaqbq

¶

=-+-

  on  
[image: image5.wmf]pz

G

,   (4)


[image: image6.wmf](,,,)

0         

xyzt

z

¶q

g

¶

=

on  
[image: image7.wmf]H

G

 ,

       (5)

which are settled in the area of 
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- the amount of spreading material, 
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- time 
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- wind velocity components in directions x, y, z , respectively , 
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- settling velocity of a particle, 
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 - the coefficient of turbulent mixing, 
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- the coefficient of diffusion, 
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- absorption coefficient 
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- the slope of surface area, 
[image: image18.wmf]b

- coefficient of interaction with the underlying surface, 
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- power of sources , f(x, y, z, t) - the number of aerosol particles detached from rough earth's surface, 
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- respectively the boundary surface of the earth where precipitation or absorption of harmful substances is occurred, boundary of the upper layer of the atmosphere where transfer or diffusion of particles doesn’t occur vertically.
Mathematical model of the object of study is described by two physical processes: the first - the process of transferring substances into the environment in the direction of motion of the air mass of the atmosphere, the second - the process of molecular diffusion of substances in the atmosphere.
The formulation of the problem shows that obtaining a solution by using analytical methods is difficult. For the numerical solution of the problem we assume that the solution sought is a smooth function in all spaces[5]. The process of transfer of substances from its conservation along the trajectory will be considered as a first problem:
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and 2-nd problem is  diffusion of substances, taking into account their absorption in the air mass of the atmosphere:


[image: image30.wmf]22

2222

2

22

11

();

22

f

txyzz

qqqq

mmgsq

¶¶¶¶¶

---=-+

¶¶¶¶¶


(11)

[image: image31.wmf]1

1

21

(,,,)(,,,);

j

jj

xyztxyzt

qq

+

+

=


(12)


[image: image32.wmf]12

222

0,0,0,

0;0.

xLyLzH

qqq

===

===


(13)


To solve the problem (6) - (10) using a finite-difference method, we approximate the differential operators on the difference and get [6-7]:
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Instead of (14) - (16) we can write
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By grouping the terms of equation (17) we get:
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and with (18) we get:
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in place of (19) we get:
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For the equation of transfer of particles in the directions of coordinates
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we obtain:
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The initial conditions 
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Task 2. Considering the diffusion equation and approximating the derivatives we get: 
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Где
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Instead of (20) we get
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Together with (21) we obtain the following formulae
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Вместе (22) 

And with (22)
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The boundary conditions for the diffusion equation are:
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from the sweep method

[image: image70.wmf](

)

(

)

(

)

11

1

10

111111

3

;

4242

ca

d

abhaabha

qq

bb

-

=-+

----



[image: image71.wmf](

)

(

)

(

)

11

1

00

111111

3

;;

4242

ca

d

abhaabha

ab

bb

-

==

----

 при for  z=0;


[image: image72.wmf]2

0;

zH

z

q

=

¶

=

¶

 => 
[image: image73.wmf]12

43

0;

2

KKK

h

qqq

--

-+-

=


Или or  

[image: image74.wmf]212

21

(43)3

.

(1(43))

KKK

K

KK

ABB

ïðèzH

AA

q

---

--

-+

==

--


And so by splitting the problem into physical processes we have received conservative numerical algorithm, and by realizing that we can explore and predict the spread of harmful substances into the atmosphere.
We have developed a program tool by us in the language of Delphi Borland to carry out numerical experiments on a computer.  
Discussion of results and conclusions.
As a result of computational experiments, it is showed that the reduction of steps of time integration, solutions obtained from the individual tasks (equations (6) - (10) and equations (11) - (13)) tend to the solution of the main problem (1) - (5).
Numerical calculations carried out on a computer at different speeds of wind in the horizontal and vertical directions showed that when the constants - 
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 do not change by the time, the solution obtained by the method of splitting into physical processes gives good results. Inaccuracies in solutions of split problems arise due to changes in the above parameters, as from the time and in the space variables.

In carrying out numerical calculations on a computer, the definition of the parameters of 
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 in the boundary layer of the atmosphere is one of the most difficult and important tasks of dynamic meteorology. 

The vertical distribution under stable and neutral stratification of the atmosphere is investigated.  In carrying out computational experiments we use characteristic values of 
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 ​​obtained by solving the system of equations, describing the processes that occur in the atmospheric boundary layer and the experimental data. It is known that during unstable stratification of 
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 increases from 200 to 400 m and then decreases with increasing height, at neutral stratification it increases from 100 to 1300 m, with a stable stratification it changes from 50 to 70m, and then sharply decreases with height.
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