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Abstract. The results of laboratory studies to evaluate the effectiveness of barriers which are used to reduce dust
pollution from the coal pile are presented. The use of the I-shaped barrier, which is set differently near the coal pile
model, has been studied. A numerical model is proposed to compute coal dust concentration in the air near the pile. The
Navier-Stokes equations are used to model the wind flow over the coal pile. These equations are written in the variables
"vorticity-stream function". To simulate the process of coal dust dispersion from the coal pile, the equation of convective-
diffusion transfer of the passive impurity is used. For numerical integration of the modeling equations, difference
schemes of splitting are used. Developed numerical model allows to perform numerical experiments taking into account
the complex geometric shape of the pile and screens. The results of the computational experiments are presented.

Introduction. The coal industry has a negative impact on environmental pollution
[9]. Intensive atmosphere pollution takes place during coal transportation or storing
coal in piles [1, 2, 8, 9]. To reduce the intensity of environment pollution from coal
piles, different methods are used (application of special solutions, watering, etc.).
One of the most effective methods of reducing atmosphere pollution near coal piles is
application of protection barriers. These protection barriers are located near the coal
pile [7, 10, 11]. These barriers are non-expensive and it does not take much time to
install them near the coal pile. But application of such barriers requires scientific
justification of their height, location relatively to the coal pile. It is also important to
know the impact of barrier shape on the effectiveness of environmental protection.
Laboratory and field study or computer simulation can be used to solve this problem.
Using physical experiments takes considerable time to conduct research. The
computer simulation of coal dust dispersion from piles requires application of CFD
models, since in order to obtain justified data of dust contamination zones near the
pile. Here, the most problem, is to simulate correctly wind flow over the coal pile
having complex geometrical form. Such an aerodynamic problem can be solved only
by CFD models [10, 11]. In practice, to assess the level of air pollution from piles,
etc. often the Gaussian model is used [8]. This model allows to calculate quickly the
intensity and size of contamination zones, but it does not take into account the
geometric shape of the coal pile, and the ability to use different protective measures.
In this regard, this model can be used for "pilot" calculations. An analysis of
scientific publications has shown that there is a shortage of CFD models in Ukraine
that could be used to evaluate the efficiency of barriers to reduce dust pollution from
coal piles.

The purpose of the work is experimental and theoretical studies of the efficiency
of using barriers having complex shape to reduce environment pollution from the
coal pile.
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Methods. Laboratory study has been performed at the Laboratory of
Environment Protection (Department of Hydraulics and Water Supply, Dnipro
National University of Railway Transport). Study has been performed in according
with the scientific program Ne 0115U 007226 "Models and methods to assess risk
and environment pollution caused by emission of hazard substances during

accidents or organized outbursts".
Figure 1 shows sketch of the laboratory setup. We used coal from

Mezhdyrichenskyi Enrichment Factory.
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1 — fan; 2 —model of the coal pile; 3 — contamination zone; 4 — barrier
Figure 1 — Sketch of the laboratory setup
The model of the coal pile has a cone form (Figure 2). Diameter of this cone is

25 cm and the height of the cone 1s 10 cm. During the experiments Reynold’s
number is Re = 10* — 10°, air temperature is 22 °C.

1 — pile (scenario # 1)
Figure 2 — Model of the coal pile

As the characteristic length L, to calculate Re number, the diameter of the cone
has been chosen. To measure coal dust concentration Air Quality Detector
WP6910 has been used. Wind speed has been measured with anemometer GM

8908.
Figure 3 shows contamination zone which has been formed near the pile

without protection barrier.
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1 — zone of small contamination; 2 — zone of intensive contamination

Figure 3 — Contamination zone near the model of the coal pile

One can see from Figure 3 that contamination zone on the ground, near the
coal pile, can be divided into two subregions. The first subregion has been formed
behind the pile and it is light colored. It means that there is no intensive coal dust
contamination in this subregion. This is explained by the fact that the pile itself
plays the role of obstacle which makes "shadow" zones. As a result, at the leeward
side of the pile the wind local speed is small and the coal dust emission rate, at this
side, is small too.

The second subregion is formed as the "belt" which covers the first subregion.
This sudregion has dark color, i.e. there is an intensive contamination. The width
of the whole contamination zone is about 3L.

Barriers, which were used in laboratory experiments, are shown in Figures 4, 5.
Two models of barriers have been used. The first model is barrier with """ form
and its inclined part was directed to the pile (Figure 4). The second model has "I™"
form but its inclined part is directed to wind (Figure 5). Wind direction is shown
by "arrows" in Figures 4, 5.

1 — barrier (scenario # 2) 1 — barrier (scenario #3)

Figure 4 — Coal pile model Figure 5 — Coal pile model

Application of barriers allows to reduce level of coal dust pollution near the
coal pile and it is not possible to visualize the contamination zone near the pile.
That is why contamination zones is not presented like it was for scenario #1.
Nonetheless the air pollution took place when barriers is used and detectors show
dust concentration near the model of the coal pile. In Table 1 mean coal dust
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concentrations (PM2.5) at different points when the middle air speed was 9,8 m/s
are presented. Concentration of coal dust has been measured at the level which is
equal to the height of the pile.

Table 1 — Coal dust concentration behind the coal pile.

Concentration, pg/m’
Distance Scenarlq #l Scenario # 2 Scenario # 3
(no barrier)
0.5L 239 28 12
L 122 11 5
1.5L 33 5 3

One can see from Table 1 that application of protection barriers having "I'"" form
allows to reduce air pollution behind the coal pile. Worthy of note that it is necessary
to proceed laboratory experiments to obtain systematic results and make common
conclusions. It is necessary to study impact of other different factors (dimensions of
barriers and their position near the pile, etc.) on air pollution.

Mathematical model. To simulate coal dust dispersion from the coal pile
when protection barriers are used CFD model has been developed. Governing
equations are the following [3, 4, 6]:
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where ® = 0v/0x - Ou/dy is vorticity, s'; Re = VyL/v is Reynolds number, L is a
characteristic dimension in the computational region, m; Vy is characteristic
velocity in the computational region, m/s; v is kinematic coefficient of viscosity,
m?/s; y is stream function, m?/s; u = Oy/dy, v =—0y/Ox are components of wind
velocity, m/s; C is coal dust concentration, kg/m?;, p., p, are coefficients of
turbulent diffusion, m?/s; Q is coal dust emission rate, kg/s; 8(x — x;)d(y — y:) are
Dirac’s delta functions; (x;, y;) are Cartesian coordinates of coal dust emission
point at the surface of the coal pile, m; ¢ is time, s.

(1) and (2) are Navier—Stokes equations and (3) is equation of pollutant
dispersion. Initial and boundary conditions for modeling equations (1) — (3) are
discussed in [1, 4].

(1) and (2) are used to simulate wind flow in all computational region and near
the surface of the coal pile to obtain information about so called "local speed". (3)
1s used to simulate coal dust concentration in the computational region.

Worthy of note, that coal dust emission rate depens on different factors, but the
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most importnt is the local wind speed near the coal pile surface. To calculate the

coal dust emission rate from the coal pile surface, following empirical dependence is
used [1]:

O=4.2(V —Va), ug/(m?), 4)

where V' is local wind speed, m/s, Vi 1s a threshold speed (speed when suspension of
coal dust particles begins, V= 1.58 m/s.).

For numerical integration of modeling equations (1) — (3) we used implicit difference
schemes of splitting [1, 4]. Worthy of note that for the problems of coal dust
concentration prediction near the coal piles it is very important to simulate the
geometrical form of piles or barriers. To describe geometrical form of different objects
in computational region we used markers [4], so called "porosity technique".

Results. Coding of difference equations which discretized (1)-(3) has been
performed and computer program "COAL" has been developed. Some results of CFD
modeling are presented further which were obtained on the basis of developed model.
This results show the possibility of developed model to simulate coal dust concentration
when barriers having different geometrical form are used.

Figures 6, 7 show results of computer simulation of scenario #2 and scenario #3, i.e.
scenarios which have been studied during laboratory experiments.

1 — barrier (scenario #2) 1 — barrier (scenario #3)

Figure 6 — Coal dust concentration
near the coal pile

Figure 7 — Coal dust concentration
near the coal pile

In Figures 8, 9 computed coal dust concentrations near the coal piles with "T" form
barrier and with two barriers having different form are presented.
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1 — barrier having "T" form

Figure 8 — Coal dust concentration
near the coal pile

1 — barrier having """ form; 2 —vertical barrier

Figure 9 — Coal dust concentration
near the coal pile
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The results show that developed CFD model allows to take into account geometrical
form of coal pile, geometrical form of protection barriers that is very important in this
field of study.

Worthy of note that computational time was 15 s for one scenario. Such quick
computing model will be usefull in case when different scenarios are considered and the
most efficient scenario must be selected.

Conclusions. We present some results of laboratory study of barriers impact on air
pollution near the coal pile. The obtained results show that barriers having "I"" form can
improve environment conditions near coal pile. Also, CFD model to simulate air
pollution near coal pile was proposed. To model wind flow over the coal pile Navier-
Stokes equations written in variables "vorticity - stream function" were used. The model
allows to obtain quickly numerical results about air pollution. Developed CFD model
allows to take into account the main factors which influence the contamination zones
formation, namely: coal pile geometrical form, meteo situation parameters, barriers
geometrical form and their position near the coal pile.
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