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1. Introduction

Air pollution at industrial sites by dust is a very com-
mon phenomenon in various industries. Particularly intense 

pollution is observed at industrial sites where coal piles are 
located. The removal of small coal fractions contributes to 
the formation of significant areas of contamination of both 
the underlying surface and the air, which poses a threat to 
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This work considers the pro-
cess of dust pollution of the air at an 
industrial site when using a protec-
tive perforated screen. The remov-
al of dust from contaminated land 
surfaces in areas where there are 
coal storage facilities leads to inten-
sive air pollution in working areas. 
This poses a threat to the health of 
workers. Therefore, for practice, an 
important solution is to reduce the 
level of dust pollution of the air at 
industrial sites. 

A likely engineering solu-
tion to such a task is to use pro-
tective screens, in particular, pro-
tective screens with perforations. 
These screens reduce the speed of 
the oncoming wind flow, which, 
in turn, reduces the intensity of 
dust formation. The location of 
the screens at an industrial site is 
important. 

A laboratory experiment was 
conducted to determine the patterns 
of air flow velocity distribution 
behind a protective screen with per-
forations. The experimental data 
showed that the screen makes it pos-
sible to reduce the wind flow veloci-
ty by 5–6 times over an extension of 
the order of 2H from the screen (H is 
the height of the screen). The air 
flow velocity increases inten-
sively behind the screen in the 
area 2H–4H. These results make it 
possible to determine the rational 
location of the screen relative to the 
dust formation area.

For theoretical assessment of 
the effectiveness of these screens, a 
numerical model was built based 
on the fundamental equations of 
continuum mechanics. The model-
ing equations include the dust mass 
transfer equation and the poten-
tial motion equation. Using the con-
structed numerical model, a compu-
tational experiment was conducted, 
which confirmed the effectiveness of 
using perforated protective screens: 
the area of dust air pollution in 
height decreased almost 3 times. 
The cost of computer time for con-
ducting a computational experi-
ment is 2 seconds. This makes it 
possible, when carrying out design 
work, to perform a series of calcula-
tions in a short period of time
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the health of workers. Therefore, special attention is paid to 
means of reducing the level of dust pollution in the air.

Since large open areas are subject to dust protection, one 
of the most effective means, from the point of view of econo-
my, is protective screens (barriers). In this regard, the wide-
spread practice for reducing the spread of dust at industrial 
sites is the use of protective screens (barriers). In this case, 
there is a need to optimize their design to minimize recircu-
lation zones; therefore, along with solid protective screens, 
perforated protective screens are widely used (Fig. 1).

Protective screens are simple, economical; screens can 
be installed very quickly as they do not require special 
equipment. Industrial waste can be used as a material for the 
manufacture of protective barriers (Fig. 2).

A protective screen creates an obstacle in the path of 
the wind flow, so these protective structures have another 
name – windbreak screens. The presence of an obstacle such 
as a screen leads to a change in the speed of the air flow 
behind the screen, that is, in the area where the dust forma-
tion zones are located. Reducing the wind speed behind the 
screen helps reduce the intensity of dust formation. But to 
ensure the effective use of protective screens, it is necessary 
to determine their impact on the aerodynamics of the flow at 
the design stage and predict dust concentration fields when 
using the screen at different wind speeds. 

Therefore, research into the construction of mathemati-
cal models for analyzing the aerodynamic regime at indus-
trial sites when using protective screens is relevant and has a 
clear applied focus.

2. Literature review and problem statement

In [3], the effectiveness of air curtains for dust removal in 
mine shafts is experimentally investigated. The advantages 

of air flow control over traditional ventilation and spraying 
methods are substantiated. A physical model has been built 
that optimizes the ratio of air volumes. This allows for the 
effective removal of fine dust and the avoidance of stagna-
tion zones. The results make it possible to implement these 
recommendations for achieving “clean production” in the 
mining industry. However, the authors did not pay attention 
to the influence of special screens on the distribution of dust 
particle settling zones or perforated surfaces. 

In study [4], a theoretical framework for dust suppression 
in coal transfer zones was developed. Using CFD model-
ing (ANSYS Fluent (USA)) and the discrete particle method, 
the authors investigated two-phase flows taking into account 
the geometry of the workings. The traction effect of convey-
ors and vortex air structures contribute to the accumulation 
of fractions smaller than 20 microns. Based on the analysis, a 
pneumatic spiral spraying system is proposed. Such an aero-
sol curtain ensured effective particle capture. The dust level 
was reduced by more than 90%. However, the work does not 
provide a comparative analysis of the energy consumption 
of the proposed pneumatic system in comparison with tra-
ditional hydraulic nozzles. There is also no comparison with 
stationary means of physical obstacles that do not require 
energy consumption at all.

In study [5], a novel water-based dust suppression tech-
nology for use in large mining faces was presented. Using 
the ANSYS Fluent software (USA), it was established that 
intensive pollution (up to 1840 mg/m3) is formed already at 
the 60th second of the combine movement. However, dy-
namic equilibrium occurs only at the 600th second. Zones 
of the greatest dust accumulation were identified at a dis-
tance of 30–120 m from the support. Based on these data, 
a multi-stage humidification technology was introduced, 
which significantly reduced dust in the operator’s area. The 
time characteristic of the formation of dust clouds was de-
termined. However, the volume of empirical data presented 
in the study requires additional investigation before the pro-
posed approach can be applied to large open-pit coal deposits.

In study [6], the propagation and deposition of explosive 
dust in a confined space were modeled using CFD-DPM (Com-
putational Fluid Dynamics–Discrete Phase Model) simula-
tions (ANSYS Fluent, USA). Most attention is paid to the 
mechanisms of interaction of particles with walls (adhesion/
percentage) for predicting accumulation zones. Using the La-
grangian approach, the authors simulated dust concentrations 
of 15–45 g/m3 in a confined space. The dynamic equilibrium 
of suspended dust occurs after 30 seconds of spraying for these 
conditions. It is proven that small fractions are distributed over 
the volume, and large ones settle near the source. The model 
allows one to calculate the critical time before reaching an ex-
plosive state (more than 5% of the area of the room). However, 
the work does not assess the influence of surface perforation. 
The influence of the chamber volume is also insufficiently 
studied.

In work [7], the main sources of dust formation in open 
pit areas are analyzed. The main production stages that form 
high concentrations of hazardous aerosol are considered. The 
physical properties of limestone dust and the distribution of 
particles by their size are described. Modern dust suppression 
technologies for each individual technological process are 
systematized. The high efficiency of the implementation of 
the proposed set of protective measures is experimentally 
confirmed. It is reported that the concentration of harmful 
dust has been reduced by more than eighty percent. However, 

Fig. 1. Installing a protective screen with transparent 
windows [1]

Fig. 2. Protective screen element with holes [2]
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the paper lacks numerical modeling of the aerodynamics of 
complex dust flows.

In [8], the optimization of the dust-absorbing shelter of 
the primary crushing station of an open pit is considered. The 
problem of high dustiness and low efficiency of traditional 
dust removal means is examined. A dry induction shelter 
with closed circulation of contaminated air is proposed. The 
study is based on numerical modeling of a complex gas-dust 
two-phase flow. The CFD (computational fluid dynam-
ics) (ANSYS Fluent (USA)) modeling method was used for 
a detailed analysis of the aerodynamics inside the device. A 
significant negative impact of the external wind on the over-
all dust suppression efficiency was determined. Structural 
optimization of the design was carried out using internal 
screens and fans. A decrease in dust concentration to the es-
tablished environmentally acceptable values was experimen-
tally recorded. However, the paper only limitedly considered 
the influence of variable temperature and climatic factors.

In work [9], modern methods of combating coal dust in un-
derground mines are investigated. An analysis of the effective-
ness of chemical reagents, foam compositions, and ultrasonic 
spraying is reported. Traditional water irrigation often does 
not cope with fine and hydrophobic particles. The technical 
advantages and disadvantages of various dust suppression sys-
tems are compared. The design of environmentally safe biolog-
ical nano-films for surfaces is termed an important direction. 
The use of microbial technologies is considered as a promising 
method of controlling secondary dust. Optimization of wetting 
agents is proposed to increase the efficiency of work. However, 
the review has a number of limitations typical of scientific 
works of a generalizing type. The authors focus on laboratory 
indicators, not sufficiently analyzing economic feasibility.

In [10], express modeling of dust distribution at industrial 
facilities using numerical methods is described. A mathe-
matical model is proposed for rapid prediction of pollutant 
concentrations. The work uses the mass transfer equation to 
calculate the dynamics of dust flows. The model takes into 
account the influence of wind speed and geometric param-
eters of industrial buildings. Special attention is paid to the 
aerodynamic shadow zones, where the largest amount of dust 
accumulates. The study allows for a quick assessment of risks 
for the environmental safety of working areas and to optimize 
the placement of protective screens on the territory of the en-
terprise. However, the study does not take into account the in-
fluence of sharp temperature inversions on particle dispersion. 
The author’s model also requires further verification with field 
measurement data under different weather conditions.

Study [11] reports analysis of the dynamics of changes 
in the moisture content in coal at different air speeds. The 
process of moisture evaporation is considered as a key factor 
for calculating dust emissions. The dependence between the 
intensity of the air flow and the drying rate of coal material 
was experimentally established. A mathematical model de-
scribing the change in the humidity of the surface layer of 
coal is proposed. The data obtained allow one to specify the 
parameters of irrigation systems to maintain the required hu-
midity level. The study is important for the design of effective 
dust suppression systems in coal warehouses and products. 
However, the paper does not take into account the influence 
of the initial particle size distribution of coal on the drying 
rate. The interaction of material humidity with chemical wet-
ting reagents in the flow is also insufficiently studied.

In study [12], the results of investigations into aerody-
namic processes occurring at the edges of noise barriers 

were presented. Experiments in a wind tunnel allowed the 
authors to describe in detail the mechanism of the polluted 
plume beyond the barrier. The main scientific novelty is the 
development of a mathematical displacement function that 
parameterizes the redistribution of impurity concentrations 
in the barrier break zones. It is proven that local pollution 
maxima occur at the ends of the barriers, which significantly 
exceed the indicators for the central sections of the screen. 
The obtained data are critically important for the verifi-
cation of numerical CFD (computational fluid dynamics) 
models (ANSYS Fluent (USA)). The zone of influence of edge 
effects at a distance of up to 10 barrier heights downstream. 
However, the model is based on experiments with a thin flat 
plate, which ignores the real thickness and profile of real 
structures that can create additional turbulence at the joints.

Our review of the literature [3–12] demonstrates the 
transition from traditional irrigation methods to high-tech 
solutions: air curtains, pneumatic spiral spraying, and 
bio-technologies. The main research tool is numerical mod-
eling (CFD-DPM (computational fluid dynamics–Discrete 
Phase Model), FLUENT (ANSYS Fluent (USA))).

However, our analysis revealed a systemic scientific gap: 
the influence of geometric and structural features of surfac-
es (perforation, screens) on the dynamics of air flow and the 
efficiency of dust particle deposition has not been sufficiently 
studied. There is also a shortage of economic justifications 
and the impact of climate variability on the actual implemen-
tation of the models built.

All this allows us to assert that it is advisable to conduct 
research on determining the effectiveness of protective 
equipment used to reduce dust air pollution at industrial 
sites. It should be noted that an effective solution to this prob-
lem is the use of the mathematical modeling method.

3. The aim and objectives of the study

The purpose of our study is to construct a mathematical 
model of mass transfer, which makes it possible to determine 
the impact of a perforated protective screen on reducing dust 
pollution of the air at an industrial site. Determining this im-
pact makes it possible to assess the effectiveness of perforated 
screens for protecting working areas from dust pollution.

To achieve the goal, the following tasks were set:
– to break down a numerical model for solving the aero-

dynamic problem – calculating the air flow velocity field at an 
industrial site in the presence of a protective perforated screen;

– to build a numerical model of mass transfer for calcu-
lating the dust concentration field at an industrial site when 
using a protective perforated screen;

– to conduct experimental studies to determine the reg-
ularity of changes in the air flow velocity value behind a 
protective perforated screen;

– to conduct computational experiments based on the 
constructed numerical models to study the effectiveness of 
using protective perforated screens for protection against 
dust pollution of working areas.

4. The study materials and methods

The object of our study is the process of dust pollution of 
the air at an industrial site when using a protective perforated 
screen.



Ecology

23

The working hypothesis assumes that the location of a 
protective perforated screen at an industrial site makes it 
possible to reduce the level of dust pollution of the air. As an 
assumption, it was adopted that the air passing through the 
holes in the screen generates jets that make it possible to re-
duce the total flow velocity near the surface of the industrial 
site. It was also assumed that the influence of air viscosity on 
the velocity of these jets can be neglected.

To verify the working hypothesis, a computational ex-
periment was conducted on the basis of the constructed 
numerical models. When building numerical models, data 
from the conducted physical experiment were used to deter-
mine the patterns of air velocity changes behind a perforated 
protective screen. The construction of numerical models was 
carried out under the following assumptions: air viscosity 
does not affect the velocity field at the industrial site, only the 
diagonal components of the diffusion coefficient tensor are 
taken into account; the flow motion is vortex-free.

Theoretical study of dust air pollution at an industrial site 
using a perforated protective screen is carried out by numer-
ical integration of modeling equations of mass transfer and 
aerodynamics using numerical methods.

For numerical modeling, our original software is used – 
the “SCREEN-2a” computer program, which was developed 
in the FORTRAN programming environment (USA).

5. Results of the study on the construction of a 
mathematical model of dust air pollution when using 

a screen

5. 1. Construction of a two-dimensional numerical 
model for calculating the wind speed field at an indus-
trial site

Fig. 3 shows a diagram of the calculation area. Below is 
the procedure for building a numerical model for determin-
ing the wind speed field at an industrial site.

The basic equation for determining the wind speed field 
at an industrial site when using a protective perforated screen 
is the potential air movement model

2 2

2 2 0,P P
x y
∂ ∂

+ =
∂ ∂

				     (1)

where P is the velocity potential.
The boundary conditions for equation (1) are as follows:
– on the boundary where the air flow enters the calcula-

tion area with a velocity U, the boundary condition takes the 
form ∂P / ∂x = U. Such a boundary condition (internal condi-

tion) is met behind a perforated protective screen where the 
air flow “leaves” the screen with a certain velocity Ue.

It should be noted that when conducting a computational 
experiment, U = const is assumed – this is a known velocity; 
the velocity Ue is also known but, to substantiate its value, a 
physical experiment was conducted, the results of which are 
given below;

– on the boundary of the air flow exiting the calculation 
area, the Dirichlet condition is set: P = P0 + const, where 
P0 is an arbitrary constant. When performing the calculation, 
P = 500 is assumed;

– on solid boundaries: ∂P / ∂n = 0, n is the unit vector of 
the external normal to the boundary.

The components of the air flow velocity vector are de-
fined as follows

,Pu
x
∂

=
∂

 .Pv
y

∂
=
∂

		  (2)
 

Numerical integration of equation (1) is carried out on 
a rectangular difference grid. The value of the velocity po-
tential is determined inside the control elements (difference 
cells), the components of the vector velocity of the air flow are 
determined on the sides of the control elements.

First, the equation for the velocity potential (1) is reduced 
to the following form

2 2

2 2 ,P P P
t x y

∂ ∂ ∂
= +

∂ ∂ ∂
				    (3)

where t is the fictitious time.
Next, the value of the cell velocity potential is calculated 

using the explicit formula
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The solution process stops when

1
, , ,n n
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where n is the iteration number, ε is a small number.
The air velocity value (component) is determined as
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, ,i j i j
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P P
v
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−−

=

5. 2. Construction of a two-dimensional numerical 
model for calculating the dust concentration field at 
an industrial site

The following mass transfer equation is used to estimate 
the dust concentration at an industrial site

( )

( ) ( ),x y i i i

v w CC uC
t x y

C C Q x x y y
x x y y

µ µ δ δ

∂ −∂ ∂
+ + =

∂ ∂ ∂
  ∂ ∂ ∂ ∂

= + + − −  ∂ ∂ ∂ ∂   
	  (5)

where С is the dust concentration in the air; u, v are the com-
ponents of the wind speed vector; xi, yi are the Cartesian coor-
dinates of the dust emission source, t is time; μx, μy are the tur-
bulent diffusion coefficients in the atmosphere; δ(xi, yi) is the 
Dirac delta function; Q is the dust emission intensity; w is the 

Fig. 3. Diagram of the calculation area: 1 – perforated 
screen; 2 – flow through the screen; 3 – dust formation area
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rate of gravitational deposition of dust particles. The turbulent 
diffusion coefficients in the atmosphere were determined as 
follows

0,1 ,x uµ = ⋅  0,1 .y vµ = ⋅

The boundary conditions for the mass transfer equation 
were as follows:

1) at the boundary of the air flow entering the calculation 
area: С = 0;

2) at the boundary of the flow exiting the calculation area: 
∂C / ∂n = 0;

3) at solid boundaries: ∂C / ∂n = 0.
Here n is the unit vector of the external normal to the 

surface.
For time t = 0, the initial condition was C = 0.
Numerical integration of the mass transfer equation (4) 

was carried out using difference schemes and a rectangular 
grid. Markers were used to form the geometric shape of the cal-
culation area (the shape of the protective screen, its position).

For numerical integration of equation (5), a variable-tri-
angular difference splitting scheme was used. The splitting 
takes the form:

– in the first step 1
4

k =  the difference equation takes 
the form

( )

1

1
2 4

1 ;
4 4

n k n
ij ij k k k
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– in the second step of splitting 1 ,
2

k n= +  1
4

c n= +  the 
difference equation takes the form
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– at the third step of splitting 3 ,
4

k n= +  1
2

c n= +  the dif-
ference equation takes the form
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– at the fourth step of splitting 1,k n= +  3
4

c n= +  the dif-
ference equation takes the form
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Hereafter, we assume v = v – w. The values of difference 
operators ...., ,x x yL L L+ − +  are given in [13].

From these difference equations, the unknown value of 
the dust concentration in the upper time layer is determined 
from the explicit running-count formula.

5. 3. Experimental studies on determining the regu-
larity of the air flow velocity behind the screen

A perforated screen was considered, which had a porosity 
of 38%, the diameter of each hole was 12 mm (Fig. 4).

The air flow velocity in front of and behind the screen 
was measured using an anemometer HT-9830 (China). Since 
the measurement was carried out in a turbulent flow, the 
anemometer showed a certain range of speeds; therefore, 
when processing the research results, the average value 
of the air flow velocity was used. The screen dimensions 
were 10 × 10 cm. The barrier height H = 10 cm was taken as 
a characteristic size. The modeling was carried out according 
to the Reynolds criterion

0Re ,
V H
ν

=

where V0 is the air flow velocity in front of the barrier (deter-
mined by measuring at a height of 0.5H and a distance of H 
in front of the barrier); H is the characteristic size; ν is the ki-
nematic viscosity coefficient (ν = 15.06 ∙ 10-6 m2/s, t = 20°C).

A dust generation zone with dust particles up to 1 mm was 
formed on the model of the industrial site. Coal dust (from 
the mine of TOV Pavlograd Coal, Ukraine) was located 
within a rectangle (site) behind the protective barter. Air 
temperature, 20°C. Previously, the coal dust sample was kept 
in a drying cabinet (drying cabinet, model 2B-151) at a tem-
perature of +40°C for 1 hour. The experiment was conducted 
for different air flow speeds in two stages:

– stage 1: determining the air flow speed directly behind 
the protective screen (measurement at a height of 0.1H and a 
length of 0.5H from the screen);

– stage 2: determining the air flow speed at different dis-
tances from the protective screen (measurement at a height 
of 0.1H).

The purpose of the first stage of research was to estimate 
the air flow velocity Ue at the “exit” of the flow from the per-
forated screen. These data were required to “close” the math-
ematical model of aerodynamics (1), that is, to determine the 
specific value of the internal boundary condition. The data 
obtained at stage No. 2 make it possible to determine the 
pattern of changes in the value of the local air velocity behind 
the screen.

Fig. 5 shows the value of the air flow velocity behind the 
protective screen at different speeds of the incoming flow. 
The air flow velocity was measured at a height of 0.1H.

Fig. 4. Physical model of a perforated screen
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Approximation of the experimental data shown in Fig. 5 
allows us to obtain the following empirical model, which can 
be used to estimate the air flow velocity behind a perforated 
screen

( )00.0839   m/s .v 1.3796 e V⋅= ⋅ 			   (5)

When conducting a computational experiment, model (5) 
was used as an internal boundary condition when solving the 
aerodynamic problem.

Next, Fig. 6 shows the value of the air flow velocity be-
hind the protective screen along the model of the industrial 
site. The air flow velocity was measured at a height of 0.1H.

Analysis of the data in Fig. 6 revealed that the mini-
mum value of the local air flow velocity is achieved at a 
distance of 2H from the perforated screen.

5. 4. Conducting computational experiments 
based on the constructed numerical models

Below are the results of solving the problem of deter-
mining the efficiency of using a perforated screen based 
on the constructed numerical models. The scheme of the 
calculation area is shown in Fig. 3.

The task was to determine the dust concentration 
fields with the following parameters: the dimensions of 
the calculation area 25 * 10.5 m; wind speed 4 m/s; length 
of the dust formation area 6 m; gravitational deposition 

rate of dust particles 0.001 m/s; dust formation intensity 
100 mass units/unit of time (in dimensionless form); screen 
width 1 m; screen height 5 m; screen porosity 38%; the speed 
behind the screen is determined based on model (5). It was 
assumed that the beginning of the working zone is located at 
a distance of 8 m from the dust formation area.

Below, Fig. 7 shows the dust concentration field in 
the study area in the absence of a protective screen. The 
dust concentration is given in a dimensionless form: each 
number shows the dust concentration as a percentage of its 
maximum value Cmax. Thus, the number “99” corresponds 
to the maximum value of the dust concentration. If, for 
example, the number on the matrix is “14”, this means that 

the dust concentration in this control element is 
14% of the maximum concentration value. The 
results are printed in INTEGER format, that 
is, only the integer value of the real number is 
printed. Such printing of the results of comput-
er simulation made it possible to very quickly 
analyze the area of pollution and identify areas 
where significant dust pollution of the air occurs 
at an industrial site.

Analysis of the data in Fig. 7 revealed that in 
the absence of a protective screen, a significant 
area of dust pollution is formed in height.

Next, Fig. 8 shows the dust concentration field 
in the study area in the absence of a protective 
screen. The dust concentration is also given in 
dimensionless form: each number shows the dust 
concentration as a percentage of its maximum 
Cmax value.

Fig. 5. Air flow velocity behind the screen

Fig. 6. Change in air flow velocity behind the protective screen: 	
1 – V0 = 10.3 m/s; 2 – V0 = 8.2 m/s; 3 – V0 = 6.1 m/s

Fig. 7. Dust concentration at the industrial site: 	
1 – dust generation area (Cmax = 10.26)
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Analysis of the data in Fig. 8 revealed that when using a 
protective screen of this type, a small area of dust pollution is 
formed. The area of dust pollution took the form of a plume 
extending along the surface of the earth.

It should be noted that the calculation time is 2 s.

6. Discussion of results based on the study on  
the construction of a numerical model of air pollution 

in the presence of a perforated screen

A feature of the proposed model is that the consider-
ation of perforation (holes on the surface of the screen) 
in the mathematical model is carried out “indirectly”. 
This is done by specifying the air flow velocity behind the 
screen, which is calculated on the basis of the empirical 
model (5). Model (5) makes it possible to specify the screen 
configuration using only one parameter – the porosity of 
this screen.

The numerical model for calculating the air flow ve-
locity field is based on the use of an explicit formula for 
integrating the equation for the velocity potential. This 
significantly reduces the complexity of the software im-
plementation of the calculation procedure for determining 
the potential velocity field and components of the air flow 
velocity vectors. A feature of the constructed numerical 
model of aerodynamics (3), (4) is the use of an internal 
boundary condition for the velocity potential, which is 
implemented near the perforated screen. This boundary 
condition is based on the use of empirical data obtained 
experimentally. This approach makes it possible to model 
the movement of air through a perforated screen without 
forming a specific shape and position of the holes in the 
perforated screen in the numerical model. This approach 
makes it possible to carry out simple software implemen-
tation of the numerical model.

The numerical model built for calculating the dust con-
centration field is based on splitting the mass transfer equa-
tion into a sequence of solutions to four simplified equa-
tions (6) to (9). With the help of such a split, the software 
implementation of the equations of the numerical model is 
significantly simplified.

The results of the physical experiment made it possible 
to obtain an empirical model for determining the air flow 
velocity behind a perforated screen. This model was used 

to “close” the numerical model for calculating the dust 
concentration field at an industrial site. The results of 
experimental studies made it possible to determine the fol-
lowing pattern of changes in the air flow velocity behind 

a perforated screen: the flow velocity decreases 
sharply behind the perforated screen, reaching 
a minimum at a point at a length of 2H (H is the 
screen height), Fig. 6. This minimum is 5–6 times 
less than the value of the velocity of the incoming 
air flow. The explanation for this result is that a 
stagnant zone (zone of “silence”) is created behind 
the screen, where the air flow velocity smoothly 
decreases, but the length of this stagnant zone 
is limited to a distance of about 2.5H from the 
protective screen, Fig. 6. Then the impact of the 
oncoming wind flow on the air environment of the 
site begins. 

Determining the pattern of changes in the local 
air flow velocity behind a perforated screen makes 
it possible to determine the place of rational loca-
tion of the screen on an industrial site provided 
that the local air flow velocity is less than the ve-

locity at which dust formation begins. For example, if the 
air velocity at which dust formation begins (this velocity 
is called the “suspension speed”) is 2.5 m/s, then the pro-
tective function of the screen, i.e., ensuring a flow velocity 
of less than 2.5 m/s, will have an effect at a distance of 
3H from the perforated screen, followed by an increase in 
the air flow velocity, which leads to the onset of the dust 
formation process.

The results of our computational experiment show a 
significant influence of the perforated screen on the size 
of the dust pollution area at an industrial site. Thus, in 
the absence of a protective screen, the height of the dust 
pollution area reaches the order of 10 m at a distance of 
8 m from the dust formation area (Fig. 7). When using a 
screen, the height of this area is of the order of 3 m at the 
same distance, i.e., the height of the dust pollution area 
has decreased almost 3 times (Fig. 8). If we assume that 
intensive pollution is an area where the dimensionless 
value of the dust concentration in the air is within 37–99% 
of the maximum concentration value, then in the absence 
of a screen, the height of this area reaches 4 m (Fig. 7). In 
the presence of a screen, the height of this area is 1.5 m 
(Fig. 8). Thus, the use of a screen makes it possible to re-
duce the area of dust pollution in height, which is import-
ant for reducing the risk of dust entering the respiratory 
organs of workers at an industrial site.

It is necessary to emphasize the special feature of the 
proposed numerical model – the speed of calculation of the 
dust concentration field on computers of low and medium 
power. Such speed of calculation is explained by the use 
of the potential motion model to determine the air flow 
velocity. If the viscous flow model were used to determine 
the air flow velocity, then several hours of computer time 
would be required to determine the air flow velocity.

A limitation of our results is that they can be used only 
for perforated screens with 38% perforation. To use the 
constructed numerical model for other perforated screens, 
it is necessary to specify the air flow velocity and the area 
of its exit from the screen. That is, to conduct predictive 
calculations for screens with different porosity, additional 
experimental studies must be performed.

Fig. 8. Dust concentration at the industrial site: 1 – perforated screen; 
2 – flow through the screen (Cmax = 10.52)
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The disadvantage of the proposed mathematical model 
of dust transport at an industrial site is that the model does 
not take into account the influence of flow viscosity when 
solving the problem of air flow around a protective screen. 
Thus, the process of vortices formation in the boundary 
layer and their separation from the screen surface are not 
taken into account. However, the construction of a nu-
merical model that will take into account such a process 
requires numerical integration of additional equations of 
continuum mechanics, justification of a specific turbu-
lence model, and determination of a number of empirical 
constants. This significantly increases the time for the 
construction of a numerical model and its implementation 
on a computer.

Further advancement of this model involves the con-
struction of a numerical model of aerodynamics, which is 
based on the Navier-Stokes equations.

7. Conclusions 

1. A numerical model has been built to solve the aero-
dynamic problem in the presence of a protective perforated 
screen at an industrial site. An important feature of the 
constructed numerical aerodynamic model is the use of 
an internal boundary condition for the velocity potential, 
which makes it possible to quickly determine the air flow 
velocity field for a perforated screen. To implement this 
procedure, the results of the experiment are used, on the 
basis of which an empirical model was obtained for deter-
mining the air flow velocity behind a perforated screen. As 
a result of numerical modeling, it was established that the 
use of a perforated screen makes it possible to reduce the 
height of the dust pollution area by 3 times.

2. A numerical mass transfer model has been built to 
calculate the dust concentration field at an industrial site 
when using a protective screen. The constructed numeri-
cal model takes into account the perforation of the screen, 
its position on the industrial site, weather conditions, dust 
generation intensity, screen dimensions, and the depen-
dence of diffusion coefficients on the local value of the air 
flow velocity.

3. Experimental studies were conducted to determine 
the regularity of change in the air flow velocity behind a 
protective perforated screen with a porosity of 38%. The 
experimental study allowed us to determine the regularity 
of change in the local air flow velocity behind a perforated 
screen, namely, the air velocity behind the screen is 5–6 
times less than the value of the velocity of the oncoming air 
flow; the length of the stagnation zone behind the screen is 
on the order of 2.5H (H is the height of the screen).

4. Our computational experiments showed that when us-
ing the screen, the height of the dust pollution area decreases 
by almost 3 times. The constructed numerical models make 
it possible to quickly determine the intensity and size of the 
dust pollution area at industrial sites. The models could be 
used to justify the parameters of protective screens at the 
“fore-sketch” design stage.
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