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Abstract. Problem statement. Industrial sites where coal storages are located are intensive sources of dust
pollution of the environment. There is an important problem of assessing the intensity of dust removal into the
atmospheric air from polluted areas. Knowledge of the intensity of dust removal into the atmospheric air makes it
possible to scientifically assess the impact of contaminated sites on the pollution of the environment and work zones at
industrial sites. The solution to this problem can be obtained experimentally. The purpose of the article. An
experimental study of the value of the air flow velocity at which the detachment of dust particles from the surface with
coal begins and their removal into the air and the determination of the intensity of the emission of coal dust from the
contaminated surface. Methodology. The intensity of removal of coal dust from the contaminated area was studied
experimentally in laboratory conditions. The research was conducted on coal samples from DTEK “Pavlohradvuhillya”,
grade “JII". During the research, the velocity of the air flow at which the process of movement of dust particles along
the emission source began and the velocity of “detachment” of dust particles and their removal from the emission
source were determined. At the second stage of experimental research, the intensity of removal of coal dust from the
polluted area was determined. Scientific novelty. The values of the air velocity at which the removal of coal dust
particles from the contaminated area begins were determined experimentally. The regularity of the intensity of the
removal of coal dust depending on the velocity of the air flow over the contaminated area was obtained. Practical
significance. The obtained experimental data make it possible to determine under which weather conditions there is a
risk of dust formation and the removal of dust into the atmosphere. The empirical dependence obtained by processing
experimental data can be used for a scientifically based assessment of the level of pollution of working areas at
industrial sites where there are coal storage facilities. Conclusions. The value of the velocity of the air flow at which the
movement of dust particles on the contaminated surface begins, as well as the value of the velocity of the air flow at
which the removal of dust particles into the air begins, was determined experimentally. The resulting empirical model
can be used to estimate environmental damage due to dust pollution of atmospheric air.
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AHotauis. Ilocmanoeéka npoonemu. IIpoMuCIIOBI MaliTaHUYUKH, 1€ PO3TAIIOBYIOTHCS CXOBHINA BYTUDIA, — IIE
IHTEHCHBHI JpKepesa MUI0BOTo 3a0pyIHEHHS HABKOJIHUIIHLOTO CepeoBHUIla. BUHIKae BaKIMBa MpoOieMa OLIHIOBAHHS
IHTEHCHBHOCT] BUHOCY MHJIy B aTMOc(]epHe MOBITps BiJ 3a0pyAHEHUX IUISHOK. 3HaHHS IHTEHCHBHOCTI BUHOCY ITHITY B
aTMoc(epHe TOBITPS JJa€ MOKIIMBICTh HAYKOBO OOIPYHTOBAHO OIIIHWTH BILIMB 3a0pyJHEHUX NUISHOK Ha 3a0pyIHEHHS
JOBKULISL Ta poOOYMX 30H Ha MPOMHCIOBHX MaiinaHunkax. PimieHHs npoOnemMu Moxe OyTH oTpuMaHe
eKCIIEpUMEHTAILHUM LUISIXOM. Mema podomu — eKcriepuMEeHTaIbHE JTOCHIIKEHHS 3HAaUeHHS IIBUJIKOCTI OBITPSHOTO
MOTOKY, 32 SKO IIOYMHAETHCS BiJPHB YACTOK IWITY BiJl MOBEPXHI 3 BYTULIAM Ta BHHOC iX y TOBITpS i BH3HAYCHHS
IHTEHCUBHOCTI eMicii BYTiIbHOTO MIUTY Bin 3a0pynHEeHO! moBepxHi. Memoouka. [HTEHCUBHICTE BUHOCY BYTiIHHOTO
MUY BiJl 3a0pyIHEHOT IUISHKA OCIiIKyBanacs eKCIepUMEHTAIBHIM IULSIXOM y 1a00paTOpHUX yMoBax. JlociiKeHHS
mpoBonmucs Ha 3paskax Byrimit 3 IIpAT «ATEK IlaBmorpanmsyrimns», mapku [II'. BusHawamacs mBHAKICTH
MTOBITPSTHOTO TIOTOKY, 32 SIKOMY ITOYMHABCS MIPOIEC PYXY YaCTHHOK MIUTY B3IOBX IDKepesa eMicii Ta IIBUIKICTh BiAPHBY
YaCTWHOK MIITy Ta iX BHHOC Bix mkepena emicii. Ha mpyromy erami ekcriepuMeHTaIbHHX JOCITIKEHb BH3HAYAIACs
IHTEHCHUBHICTh BHHOCY BYTUIBHOTO THJIY BiJ 3a0pyaHeHoi ninsHku. Haykoea noeuzna. EXCIEpUMEHTAIBHUM HIISIXOM
00YMCIICHO 3HAYEHHS MIBUAKOCTI MOBITPA, 32 SKOI MOYMHAETHCS BUHOC YaCTMHOK BYT1LJIBHOTO MUY BiJ 3a0pyaHEHOT
ninsHKr. OTPUMaHO 3aKOHOMIPHICTh IHTEHCHMBHOCTI BUHOCY BYTLIBHOTO IUITY 3aJIeKHO BiJ] HMIBUAKOCTI MOBITPSHOTO
MOTOKY Hajx 3alpynHeHowo nauiaHKowo. IIpakmuuna 3nauumicms. OTpuMaHi eKCHEpHUMEHTAIbHI JaHi JaroTh
MOJJIUBICTh BH3HAYaTH, 32 SIKMX METEOYMOB BHHUKA€ PU3UK IMHIOYTBOPEHHS Ta BUHOC MWIY B aTMOc(epHe MOBITPS.
EmmnipuyHa 3anexHICTh, OTpUMaHa HUIIXOM OOpOOKM JaHUX EKCIHEPHMEHTIB, MOXe OyTH BHKOPHUCTaHa JUIl HAyKOBO
OOTPYHTOBAHOI OLIHKH DiBHS 3a0pyAHEHHs poOOYHMX 30H Ha NMPOMHUCIOBHX MaiJaHYMKax, Je € CXOBHINA BYTULIAL
Bucnoeku. ExcriepiMeHTaIbHIM IUIIXOM BH3HAYCHO 3HAYCHHS IIBUAKOCTI MOBITPSHOTO TOTOKY, 32 SKOi TOYHHAETHCS
pyX YACTHHOK NIy Ha 3a0pyIHEHIH MOBEpXHi, a TAaKOX 3HAYCHHS IIBHIKOCTI IOBITPSHOTO IIOTOKY, 3a SKOI
MOYMHAETBCS BHHOC Y IIOBITPSA YacTHHOK mmimy. OTpuMaHa eMmipuyHa MOJETb MOKe OYyTH BHKOpPHCTaHA IS
OIIiHIOBAaHHS €KOJOTIYHMX 30UTKIB YHACITIIOK MMUIIOBOTO 3a0pyAHEHHS aTMOC(HEPHOTO MOBITPSL.

KuarouoBi cioBa: gyeinvruil nui, 3a0pyonenns ammocgepu, emicii nuiy, 1a6opamopHuil eKkcCnepumeHm

Problem statement. Assessing the level of It should be emphasized, that areas with
dust air pollution at industrial sites is an  small fractions of coal dust are formed on the
important issue in the field of occupational  underlying surface of these sites. Even at low
health and environmental safety [3; 4].  wind velocities, these areas become secondary
At industrial sites, where there are coal storage  sources of dust pollution in the working areas
facilities, areas of coal contamination of the  of the industrial site. Therefore, there is an
site's underlying surface are always formed  important problem of protecting the air in the
(Fig. 1). working areas of the industrial site from dust
pollution. This problem attracts special
attention, since coal is widely used in the
energy sector of the world and coal storage
facilities are widely used at industrial sites of
thermal power plants, boiler  houses,
enterprises.

In solving this problem, it is important to
determine at what wind velocity the dust
particles begin to detach from the coal surface

= and are carried into the air. In addition, it is

Fig. 1. Pollution of the industrial site territory very important to determine the intensity of
(https://www.shutterstock.com/ru/search/coal- dust emissions under different meteorological
production) conditions, primarily at different wind
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velocities. This information makes it possible to
determine  under  what  meteorological
conditions there is a risk of secondary dust air
pollution at an industrial site. It should be
emphasized, that the value of the wind velocity,
at which the movement of dust particles begins
and they are carried into the air, makes it
possible to assess the effectiveness of
protective measures planned to reduce the
intensity of dust formation at industrial sites.

It should be noted, that the solution of
problems in the field of dust pollution is based
on the widespread use of experimental research
methods [1-9]. Conducting field studies is
associated with many difficulties. Therefore, an
important method of analysis is a laboratory
experiment.

The purpose of the article. Experimental
study of the value of the air flow velocity, at
which dust particles begin to detach from the
surface with coal and are carried away into the
air, and determination of the intensity of coal
dust emission from the contaminated surface.

Methodology. The experimental study was
carried out in laboratory conditions. The
scheme of the experimental setup is shown in
Fig. 2 [1].

Fig. 2. Scheme of the experimental setup:
1 — blower; 2 — emission source; 3 — dust plume

The laboratory study was carried out using
coal from DTEK “Pavlohradvuhillya” PJSC,
grade “JII"’. A section of coal was placed on a
table in the form of a “beach’; the shape of this
source of dust emission is a rectangle, length 5
sm, width 5 sm (Fig. 2).
A blower was used to create a flow with
different velocities vi over the “beach”. The
airflow velocity was measured using GM8908
anemometer. Since the measurement was
carried out in a turbulent flow, the velocity
shown by the anemometer is in a certain range.
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The air temperature during the experiment was
20 °C.

Results. During the experiment, the air
flow velocity was visually recorded at which
the process of movement of dust particles along
the emission source began (the “creep” type
velocity ver) and the velocity of “etachment” of
dust particles and their removal from the
emission source (the ‘‘suspension” type
velocity vsu). The measurement results are as
follows:

V. =0,8 m/s-1,1m/s;
Ve, =1,5m/s-1,7m/s.

Figure 3 shows the dust pollution zone
formed near the emission source during the
experiment.

e

Fig. 3. Dust contamination zone: 1 — emission source;
2 — contamination zone; 3 —wind flow direction

As can be seen from Figure 3, a “cone”
shaped contamination area is formed near the
emission  source. The  most intense
contamination occurs near the source of
emission, as evidenced by the darker color of
the contamination zone. The following should
also be noted: the area of the source of
pollution was 25 sm? but the area of the
pollution zone (Fig. 3) was about 1 600 sm?.
Thus, the removal of dust particles from an
insignificant in size emission source forms a
very significant zone of secondary pollution.

At the second stage of the experiment, the
amount of coal dust blown off the surface
during a specific period of time was estimated.
The blowing took place for
30 seconds. After that, the mass of dust, that
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was blown off the beach during this time, was
determined by measuring it on the scales.
Further, the intensity of dust emission from a
unit area of the beach was calculated at the
selected air flow velocity:

Mg
qi_t-SLmz-s}

where Mi is the mass of coal dust blown off the
beach in time t at air velocity vi; S is “beach”
area.

The results of processing the experiments
to determine the Qi parameter are shown in
Figure 4 — where the dependence of the dust
emission intensity on the unit area of the beach
surface at different air flow velocities is shown.

g, g/(cm?’s)
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Fig. 4. Intensity of coal dust emission from the beach
surface (g/(cm’-s)) at different air flow velocities

Based on the results of processing the
experimental data, the following mathematical
dependence was obtained for calculating the
amount of coal dust q carried away from unit
surface the beach per time:

q=2-10"-v*%, 92 ,
cm -S
where v — air flow velocity, m/s.

This relationship can be used to quickly
estimate the amount of coal dust carried away
from contaminated surfaces formed at industrial
sites.

Scientific  novelty and  practical
value. The critical air flow velocity at which
the emission of coal dust from a contaminated
area at an industrial site into the atmosphere
begins has been determined experimentally.
Based on the processing of the experimental
data, a dependence was obtained that makes it
possible to calculate the intensity of coal dust
emissions from a contaminated area at an
industrial site. The results of the experiment
can be used to assess the risk of dust formation
at industrial sites with coal storage facilities.

Conclusions

1. The value of the air flow velocity at
which the movement of dust particles on the
contaminated surface begins, as well as the
value of the air flow velocity at which the
removal of dust particles into the air begins,
was determined experimentally.

2. A dependence (empirical model) was
obtained that allows determining the intensity
of coal dust removal from a contaminated
surface at different wind velocities.

3. The obtained empirical model can be
used to assess environmental damage caused by
dust pollution of the atmospheric air.
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