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A METHOD FOR PREVENTING METHANE EXPLOSIONS
WHEN MINING GAS-SATURATED COAL SEAMS

Purpose. The research is aimed at improving the methods for preventing coal dust-methane explosions during
cutting-loading machine operation when mining coal seams with gas-dynamic phenomena (GDP).

Methodology. When performing the research, basic methods of mathematical and physical modeling, bench ex-
perimentation, as well as methods for processing the results of laboratory and industrial studies in the EXCEL and
MATHCAD environment were used. Measurement of the dynamic parameters of the cavitation flow of the liquid
(frequency and range of pressure auto-oscillations) was carried out using the IJ11-20 sensor. The signal through the
AIIIT-12 analog-to-digital converter was sent to the hardware and software complex based on the Athlon-800 PC
with the “DASYLAB” and “GEMIS WIN” software.

Findings. A method for combating explosions of dust-methane mixture has been developed. A generator of cavita-
tion self-oscillations of the mine flushing fluid pressure is used to automatically destroy and remove clogging from the
nozzle channels of the irrigation system. Simultaneously with the supply of the water-air mixture directly to the bro-
ken coal mass, the coal dust-methane mixture, formed in stagnant zones near the face, is sucked in by a perforated
pipeline and sent through a non-perforated pipeline outside the cutting-loading machine boundaries in the direction
of the mine working ventilation flow.

Originality. The use of cavitation generators in the irrigation system of cutting-loading machines in the process of
rock breaking to prevent coal dust-methane explosions has been scientifically substantiated. Functional dependence
has been determined of amplitude and frequency of the flushing fluid self-oscillations periodically created at the outlet
of the cavitation generator on the boost pressure, which periodically occurs as the nozzle channels are clogged with
destruction products of mine water supply system and rocks. The automatic destruction and subsequent removal of
clogging from the nozzle channels is performed by high-frequency self-oscillations of the flushing fluid, the pressure of
which at maximum amplitude and frequency values exceeds the ultimate compressive strength of the debris particles.

Practical value. The improved complex method can ensure uninterrupted operation of the irrigation system noz-
zles and significantly reduce the probability of the coal dust-methane mixture explosion in the places of broken gas-
saturated coal accumulation during cutting-loading machine operation. It also increases the safety of mining opera-
tions when mining coal seams.
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Introduction. A significant number of Ukrainian
coal mines are explosion-hazardous ones due to coal

coal mines. Even local methane ignitions can lead to
large explosions of dust-gas-air mixtures and, as a re-

dust explosiveness and are over-categorized in terms of
methane gas and sudden coal-gas outbursts into the
extraction working [1, 2]. Methane explosions and ig-
nitions account for 96 % of the total number of acci-
dents that occur due to dust-gas regime violations in
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sult, to large human casualties, material and financial
losses [3]. The technology of underground coal mining
has changed significantly over the past period, which
has had a negative impact on the risk factors of gas and
coal dust explosions [4, 5]. This is evidenced by a
number of fatal accidents that occurred in 2007—2008
in mines of the post-Soviet space: Ulianovska, Yu-
vileina (Russia), Krasnolymanska, A.F.Zasyadko
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(Ukraine), Abayska (Kazakhstan), etc. [6]. A fairly
large number of accidents caused by methane and coal
dust explosions are recorded in mines in the People’s
Republic of China (PRC): only in recent years — more
than 30 powerful explosions that resulted in the deaths
of many miners.

Up to 1.5 % of local methane ignitions during the
operation of cutting machines in extraction workings
turn into developed explosions, and 20 % of ignitions
during the operation of tunneling machines in prepa-
ratory workings turn into methane and coal dust ex-
plosions. About 87 % of coal dust explosions in mines
were initiated by methane explosions or ignitions. The
situation is similar abroad. In South Africa, during
coal mass breaking, about 70 % of methane ignitions
occur, and in the United States — up to 50 % of cases
of its ignition [3].

When mining seams that are prone to gas-dynamic
phenomena (volatile matter yield is 15 % or more), in
the faces of extraction workings in places of increased
methane release (yield), both free and bound (sorbed)
[6, 7], local coal dust-methane accumulations may be
formed. In poorly ventilated stagnant zones, for exam-
ple, directly in the places of accumulation of broken gas-
saturated coal or a coal-rock mixture with the release of
a coal dust-methane mixture, coal dust-methane con-
centration can reach 2 % or more [8, 9].

A critical factor that can enhance the explosion ef-
fect for coal dust-methane mixture and oxygen is the
limited space in hard-to-ventilate stagnant zones.
When the coal dust-methane mixture is in a confined
space, the pressure and temperature rise rapidly due
to combustion. This increase in pressure can lead to
an explosion, generating a powerful shock wave that
can cause significant damage to people and surround-
ing equipment.

The intensity of dust formation during coal mining
depends on many rock factors (physical-chemical prop-
erties, moisture content, etc.), as well as on the method
of their breaking (mining technology). In mine work-
ings driven by cutting-loading machines, the working
body of which is an intensive source of dust during the
mechanical coal-rock breaking, coal dust is formed
2.5—6.5 times as much as when using the drilling-blast-
ing method [1]. Coal dust increases the gas-air mixture
explosion power, which leads to a significant increase in
the number of miners killed.

Practice shows that providing reliable dust explosion
protection is a complex organizational-technical task,
the solution of which depends on an objective assess-
ment of explosion hazard factors. The main of them are:

1. Lower concentration limit of deposited dust ex-
plosive capacity. It is expressed by dependence (ob-
tained by Makeevka Research Institute for Mining Safe-
ty in an experimental gallery) [10]

k
o= Aexp |:71_ k2n:|’

r

where 6 is the lower concentration limit of deposited dust
explosive capacity, g/m?; Ay, k1, ky are experimental co-
efficients for the experimental gallery are 25.08; 22.71;
0.69, respectively; V., is the volatile matter yield, %; n is
the methane content in the mine working, %.

2. Mass of dust deposited per unit surface of the
mine working and mining equipment.

3. Methods of precautionary measures to prevent
the formation of explosive methane concentrations.

Methods for localizing dust-gas-air mixture explo-
sions. The source of ignition of methane, as well as hy-
brid mixtures (for example, in coal mines, methane-air,
coal dust — air, coal dust and pyrite dust) can be static
electricity. When combined, hybrid mixtures can form
explosion-hazardous mixtures, although the concentra-
tion of each component is below the flame propagation
limit [11, 12].

Recently, about one in five to seven methane and
coal dust explosions has been caused by frictional
sparking. In the process of friction of the cutters
against pyrite inclusions compared to sandstone, fric-
tional sparking can ignite not only methane, but also
coal dust. The pyrite dust cloud by the time of burning
is tens of times longer than the time of existence of the
hot trace that appears when the cutters interact with
sandstone. Red-hot pyrite dust particles burn in the
air within tenths of a second. The time required to
prepare the explosive medium (induction period) is
measured in milliseconds. The lower induction period
for coal dust is 40 ms, and for methane — 2 ms. The
induction period is significantly influenced by the vol-
atile matter yield, which changes during the coal
metamorphism process. As the degree of metamor-
phism increases, the coal dust induction period in-
creases depending on coal ash content. Methane igni-
tions and explosions with severe consequences as a
result of frictional sparking of the cutting-loading ma-
chine actuators against the host rocks with pyrite in-
clusion cause large material damage [4, 13].

Literature review. In the process of mechanized rock
breaking during tunneling and mining operations, vari-
ous methods and devices are used to prevent the forma-
tion and local accumulation of methane on the road
near the cutting-loading machine [4, 12].

For example, the erosion of local methane accu-
mulations is used, which is achieved by increasing the
air flow velocity in the extraction working (up to
0.05 m/s) [8, 14]. However, the air flow along the mine
working, even increased, does not ventilate such places
in the mine working as the coal seam face and the
spaces under the augers of the cutting-loading ma-
chine working body, where local methane accumula-
tions can occur.

In addition, local methane accumulations near the
cutting-loading machine during its operation can be
eroded by redistributing the air flow moving along the
cutting-loading machine. To do this, a portion of the air
flow mixed with water is fed into the space between the
cutting-loading machine body and the coal seam using a
double-jet water-air ejector. The ejector is rigidly
mounted on the body of the cutting-loading machine
behind the augers of its working body at a distance of
0.3—0.4 m [15, 16]. However, this technical solution
also does not irrigate such places as coal seam faces and
spaces under the augers of the cutting-loading machine
working body. This can also lead to a methane explosion
due to its local accumulation.

According to the “Wetting agent for coal dust sup-
pression” method, which is used to prevent coal dust-
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methane explosions, water is taken from the mine water
supply system and the pressure of the taken water is in-
creased using a water pump. Then this water is fed into
the irrigation main of the cutting-loading machine,
mixed with liquid wetting additives and this mixture is
sprayed with nozzles directly at the place of coal break-
ing by the cutting-loading machine actuator [17, 18].
However, the limited capacity of water with liquid wet-
ting additives cannot affect the amount of methane re-
leased from open coal fractures during coal breaking.
This can lead to ignition and explosion of methane re-
leased during coal mining [19, 20].

Another way to prevent coal dust-methane explo-
sions is to spray a mixture of water and liquid wetting
additives. It consists of devices for taking water from
the mine water supply system, increasing the pressure
of the withdrawn water using a water pump and sup-
plying this water to the irrigation main of the cutting-
loading machine. Water under high pressure is passed
through the dispenser with the addition of liquid wet-
ting additives in various proportions. This mixture is
used by spraying it directly at the place of coal breaking
by the actuator [21, 22]. The technical disadvantage of
this method is the complexity of the equipment and its
maintenance, as well as the high cost of operations for
broken coal irrigation.

In the “Method for preventing coal dust-methane
explosions,” water saturated with inert gas is sprayed.
This method involves taking water from the mine water
supply system, increasing the pressure of the with-
drawn water using a water pump, and supplying this
water to the irrigation main of the cutting-loading ma-
chine. This water is used by spraying with nozzles di-
rectly at the place of coal breaking by the cutting-load-
ing machine actuator [22]. The water is saturated un-
der pressure with an inert gas, such as nitrogen or car-
bon dioxide, before it is fed into the pumping unit.
After that, the water saturated with inert gas is sprayed
in the nozzle cone at the nozzle outlet at a given solid
angle [23]. The spot from the gas mixture spray cone is
directed both to the cutter of the cutting-loading ma-
chine working body and to the face surface behind the
cutter [24]. This method requires creating two pipe-
lines moving together with the cutting-loading ma-
chine to supply water and nitrogen/carbon dioxide,
which complicates the technology.

“Pneumohydraulic irrigation system” is designed
to prevent coal dust in order to neutralize it by irrigat-
ing it with an air-water mixture. For this purpose, two-
component (liquid-gas) nozzles are used, which are
supplied with air and water through separate pipelines.
Under pressure, they are directed into the space under
both augers of the cutting-loading machine working
body and into the face of the coal seam directly to the
broken coal mass [18]. The disadvantage of the “Pneu-
mohydraulic irrigation system”, when used in mine
conditions for dust suppression and prevention of
methane explosions on the cutting-loading machine
actuator, is also the need to create two pipelines for
water and compressed air supply moving together with
the cutting-loading machine. Moreover, additional
maintenance is required and the cost of using com-
pressed air increases.

The next device implements the “Method for eroding

local methane accumulations near a coal shearer,
equipped with two augers and a scraper conveyor”. This
method consists of a cutting-loading machine and a
double-jet ejector. The water-air mixture of the double-
jet ejector is directed under pressure into the space under
both augers of the cutting-loading machine working
body and into the face of the coal seam directly to the
broken coal mass in the process of loading it onto the
scraper conveyor [25, 26]. The disadvantage of the de-
vice is that the eroded coal dust-methane mixture is not
completely removed and not directed into the air flow.
This is due to the lack of equipment for removing (suc-
tion) of the coal dust-methane mixture formed during
the breaking of a gas-saturated coal seam from the space,
bounded by extraction working roof, its face and bottom.

Thus, modern methods do not fully provide guar-
anteed explosion protection and are not effective
enough in terms of reducing dustiness in mining faces.
The reasons for this situation are not only organiza-
tional and economic. It is necessary to recognize the
influence of objective factors, such as an increase in the
load on the mining face and the transition at some
mines to mining of lower horizons with increased
methane emissions. In view of the above, the degree of
technical sophistication of new mining machines is de-
termined by the extent to which their anti-explosive
equipment ensures the level of explosion safety of the
process of coal-rock mass breaking. This circumstance
necessitates the improvement of anti-explosion meth-
ods, measures and equipment of mining machines in
order to reduce the number of developed gas and coal
dust explosions in mine workings. To date, the rele-
vance of this problem has not been lost, since no effec-
tive practical solution has yet been found.

The purpose is to improve the method and equip-
ment of a cutting-loading machine to prevent coal dust-
methane explosions during its operation in a gas-satu-
rated coal seam.

Methods. Source of ignition of coal dust-methane-
air medium in mines can be frictional sparking. The
cause of methane and coal dust ignition (explosions) is
associated with a high-temperature “spot” of frictional
contact between the cutter and the rock. The process
of frictional contact between the tool and the rock, as
well as frictional sparking, is a subject of serious and
long-term study in most coal-mining countries. The
main results of such studies are as follows [26]. It has
been found that the probability of coal dust ignition
during friction is almost equal to one at a load per cut-
ter of 1 to 3 MPa and above. The more intense the
load, the faster the ignition occurs. Moreover, the
number of working cutters does not influence the
probability of ignition.

During friction against sandstone, the coal dust ex-
plosion was observed when 2.7 % or more of methane
was added to the dust-air mixture. With a lower meth-
ane content, no dust explosions were recorded.

Studies have revealed differences in the coal dust-
methane ignition as a result of friction of cutters
against pyrite inclusions and sandstone. When the ac-
tuator cutter

rubs against pyrite, a halo of flammable pyrite dust
cloud is generated at a distance of 0.1—0.2 m from the
cutter, and sometimes even closer. The length of the
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flame torch reaches 0.4 m with its diameter of 0.1—0.2 m.
The ejected pyrite dust particles are heated by a cutter to
a temperature of 350—400 °C, entering the air, ignite
and burn within 0.2—0.3 seconds. This indicates a sig-
nificant energy and action of an ignition source of a long
duration, sufficient to ignite not only methane but also
coal dust. This indicates that dust explosion protection
measures against friction ignition source should be ap-
plied not only in gas mines, but also in mines hazardous
for coal dust explosions.

Explosion-proof operation of the tool and minimal
dust emission during coal or rock breaking are ensured
using high-pressure irrigation of rocks by supplying wa-
ter jets directly to the contact zone of the tool with the
mass to be broken.

Previously, to eliminate the possibility of methane
ignition, developments were primarily aimed at creating
effective irrigation systems to prevent the possibility of
coal dust-methane mixture ignition. The efficiency was
achieved by supplying water jets to each cutter of the ac-
tuator (from the back to the cutter trace), increasing the
jet pressure (3 MPa and more), and increasing the reli-
ability of irrigation systems by diluting them internally.
Studies by many scientists have determined that the pre-
vention of methane and coal dust ignitions/explosions
during the operation of mining and tunneling machines
in a rock mass with sandstones with strength /= 8 and
more according to Prof. Protodyakonov’s scale and with
pyrite inclusions with a sulfur content of more than 35 %
is provided by explosion-proof irrigation with water
consumption of at least 3.33 - 10 m?/s per cutter at a
pressure of at least 4 MPa, which is regulated by safety
rules. Three types of actuators with water-jet devices are
distinguished based on application conditions and de-
sign parameters. The first type is low-pressure (up to
4 MPa) water irrigation of the cutters with a minimum
water consumption of 3.33 - 10 m?/s per cutter. The
second type is water irrigation of the cutters at a mean
pressure of 15—20 MPa (high-pressure irrigation) with a
water consumption of 66.67 - 107 m?/s per cutter. The
third type of device (hydromechanical method of coal
and rock breaking) uses compact high-speed water jets
under a pressure of 30—100 MPa or more. The hydro-
mechanical method of breaking is based on the com-
bined impact on the rock mass by a high-speed water jet
with surfactant and a mechanical tool of chipping or
cutting action [27, 28]. The efficiency of the hydrome-
chanical method is determined by efficiency of its me-
chanical and hydraulic components. When designing
actuators with water-jet devices of the third type, it is
planned to eliminate dust and spark formation, reduce
cutter wear, and increase the productivity of mining and
tunneling machines without increasing the specified
power of the actuator engines.

It should be noted that at present, the efficiency of
external and internal low-pressure irrigation systems has
reached its maximum, and the residual air dust content
remains at the level of 20 %, which does not provide
guaranteed explosion protection and is not effective
enough in terms of reducing dust content in mining fac-
es. Further increase in spraying power is impractical,
because the broken rock mass will be over-moistened,
the liquid will be carried into the working zone, and the
bottomhole space will be water-flooded.

Compared to low-pressure irrigation systems, high-
pressure internal irrigation systems (systems of the sec-
ond type) have a higher efficiency with the supply of
water jets with a pressure of 10—20 MPa to the cutter
trace. Jet spraying is provided by jet-forming nozzles,
increased pressure and increased outflow rate. This re-
sults in more intensive air ejection and increased meth-
ane removal from the cutting zone. Increased water
flow rate helps to bind explosion-hazardous dust of fine
fractions and reduce the possibility of its penetration
into the lungs.

However, although high-pressure irrigation has
some advantages, a greater effect of dust suppression
and explosion protection of cutting-loading machines
can be achieved with the hydromechanical combined
method of coal breaking using compact water jets under
a pressure of about 30 MPa. Foreign experience of using
thin high-pressure water jets for cutting rocks also con-
firms the effectiveness of hydro-jet technologies in min-
ing. At the same time, during the operation of cutting-
loading machines with hydromechanical actuators, it
has been found that in a number of cases high-pressure
hoses ruptured and, as a result, injured miners. The lo-
cation of high-pressure pumping units in the drift leads
to certain pressure losses and a 5—10 % increase in total
energy consumed for breaking.

For the above reasons, the practical use of both high-
pressure irrigation and the hydromechanical combined
method does not allow us to exclude the related injuries
to miners, material and economic losses.

Thus, it can be concluded that the low-pressure
irrigation method by supplying water from the mine
water supply system to the irrigation main of the cut-
ting-loading machine under pressure of 2—5 MPa is
safer, and therefore more promising for irrigating
broken rock while conducting preparatory and ex-
traction workings. But the nozzles for spraying the
flushing fluid have flow channels with diameters not
exceeding 1 mm, and the mine water used for spray-
ing contains solid particles larger than 1 mm. During
one day of cutting-loading machine operation, the
nozzles are completely clogged with destruction
products of mine water supply system and rocks [22].
This can lead to the cessation of irrigation water sup-
ply to the rock cutting zone and, as a consequence, to
frictional sparking, provoking an ignition of both
methane and coal dust.

Given the above, the authors of the paper propose a
method for preventing clogging of nozzle channels by
destroying it with cavitation self-oscillations of the
flushing fluid high-frequency pressure [29, 30]. In addi-
tion, based on the working conditions in hard-to-venti-
late stagnant zones of extraction working faces, the de-
veloped technology should reduce the probability of
gas-air mixture and coal dust explosions during the
cutting-loading machine operation, while the equip-
ment should be of the lowest labor intensity and cost.

The research is based on the task of improving the
method and devices for preventing coal dust-methane
explosions during the cutting-loading machine opera-
tion in a gas-saturated coal seam by means of addition-
al equipment of a cutting-loading machine with a dou-
ble-jet water-air ejector: generator of cavitation self-
oscillations of the flushing fluid high-frequency pres-
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sure to destroy nozzle clogging, as well as a suction
fan, an inlet perforated pipeline and an outlet non-
perforated pipeline, which allows ensuring a technical
result — a significant reduction in methane concentra-
tion (up to 2 %, in accordance with the Safety Rules in
Coal Mines [8]) in the airspace, bounded by extraction
working roof, its face and bottom, as well as reduced
probability of the coal dust-methane mixture explo-
sion during the cutting-loading machine operation by
taking this mixture from the extraction working face
and directing it towards the ventilation flow movement
of the extraction working outside the cutting-loading
machine boundaries.

Research results. The task set is solved in the follow-
ing way. A cavitation oscillation generator is used to pre-
vent clogging of the nozzle channels of the cutting-load-
ing machine irrigation system by destroying it with cavi-
tation self-oscillations of the flushing fluid high-frequen-
cy pressure. Its calculation scheme is shown in Fig. 1.

The destruction and subsequent removal of clogging
from the nozzle channels is performed using high-fre-
quency self-oscillations of the flushing fluid, the maxi-
mum pressure values of which exceed the ultimate com-
pressive strength of the debris particles. The amplitude
of self-oscillations of the flushing fluid pressure is calcu-
lated using the following formula

8V,
(6P| =p-v2 (2m)> Sk Iy | 2k|
P CZ S A AT
1}-c?

where p is the fluid strength; S#,, is the Strouhal num-
ber; 8V} is the current value of the detached cavern part
volume, m?; /, is the cavitation cavern length, m; ¢ is the
sound velocity in a fluid, m/s; F, is the outlet section
area of the generator diffuser, m?; /, is the inertial resis-
tance coefficient of the oscillation generator diffuser
part, m~', located between the newly settled cavern and
the diffuser outlet, is determined by the formula

7 - 1 3 1
‘ n-th r +lk-th
217 2

Ty +1y -tg%
where /, is an axial length of the generator diffuser, m; 3
is the diffuser opening angle, deg.; r,, is the radius of the
generator critical section, m.

The self-oscillation frequency is calculated by the
formula

g 46
/A ///

]
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Fig. 1. Cavitation oscillation generator schematic diagram:
1 — inlet pipeline; 2 — confusor; 3 — diffuser; 4 — outlet
pipeline; 5 — cavitation zone; 6 — detached part of cavern;
d,. — critical section diameter; D — outlet pipeline diame-
ter; I, — confusor length; B — diffuser opening angle; P, —
boost pressure; P, — injection pressure

B
2

vcr'tg
f=——F2.(-\1-p,/P),
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where B is a diffuser opening angle, deg.; P, is the boost
pressure, MPa; P, is injection pressure, MPa; v, is fluid
velocity in the generator critical section, m/s; p is the
generator consumption factor; r,. is the radius of the
generator critical section, m.

In the laboratory conditions of the M. S. Poliakov
Institute of Geotechnical Mechanics of the National
Academy of Sciences of Ukraine, bench studies have
been conducted to determine the parameters of fluid
pressure oscillation amplitude at the outlet of the cavita-
tion oscillation generator GK-2.5 with a critical section
of d,. = 2.5 mm, diffuser opening angle of § =25° and a
post-diffuser channel with a length of L = 1004d,,.

Fig. 2 shows the dependence of the self-oscillation
amplitude AP on the boost pressure P, at a flushing fluid
consumption of Q = 0.65 - 10~ m?/s (35 1/min) and a
head pressure of P, =10 MPa.

Fig. 3 shows the dependence of the frequency f on
the boost pressure P, at a consumption Q =351/min and
P,=10 MPa

The automatic destruction and subsequent removal
of clogging from the nozzle channels of the cutting-
loading machine irrigation system during its operation is
achieved by high-frequency flushing fluid self-oscilla-
tions, the pressure of which at maximum amplitude and
frequency values exceeds the ultimate compressive
strength of the debris particles.

AP,
MPa
20

Y s
£ W

10

.1/
y

\“
\\
2 4 6 8 p

I
MPa

Fig. 2. Dependence of AP on the boost pressure Py at a con-
sumption Q =0.65 - 107 (39 I/min) and P,= 10 MPa

5
Hz o

6000 /
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2000
0
0 2 4 6 s B,
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Fig. 3. Dependence of the frequency f on the boost pres-
sure Py at a consumption Q = 0.65 - 107 (39 I/min)
and P,=10 MPa

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N 4 25



In the method for preventing coal dust explosions by
irrigation, water is taken from the mine water supply sys-
tem while the cutting-loading machine is working in a
gas-saturated coal seam. The water pump increases its
pressure to a value of at least 2 MPa and supplies it to the
nozzle channels of the irrigation system of the cutting-
loading machine working body to spray water with noz-
zles directly at the place of coal breaking by the cutting-
loading machine working body. After the water pump in-
creases the pressure, the water is preliminarily passed
through a cavitation generator with a critical section di-
ameter of at least 3 mm before it is supplied to the nozzle
channels. As clogging accumulates in the nozzle channels
and the boost pressure reaches half of the head pressure,
the cavitation generator is automatically activated and be-
gins to create cavitation oscillations in water pressure. The
maximum values of the amplitude and frequency of the
flushing water pressure self-oscillations increase at least
twice, destroying clogging and cleaning the nozzle chan-
nels of the cutting-loading machine irrigation system.

Fig. 4 shows a technological scheme of the extrac-
tion working equipment for implementing a method for
preventing coal dust explosions by irrigation during the
cutting-loading machine operation.

The method is performed as follows. The equipment
for irrigation of the working body 2 of the cutting-load-
ing machine is assembled in the mining face 1 in accor-
dance with the scheme in Fig. 1. Then, water from the
mine water supply system 3 is directed to the suction
line 4 of hydraulic pump 5 to increase its pressure. From
the hydraulic pump 5, water under a pressure of at least
2 MPa is directed through the pressure line 6 through
the cavitation generator 7 with a critical section diame-
ter of at least 3 mm (so that the destruction products of
water supply system and rocks with a size of 2—3 mm do

A
6 7 8 9
[ [ [
— il
2 1

Fig. 4. Technological scheme of the extraction working
equipment for implementing a method for preventing
coal dust explosions by irrigation during the cutting-
loading machine operation:

1 — extraction working; 2 — cutting-loading machine work-
ing body; 3 — mine water supply system; 4 — pump suction
line; 5 — hydraulic pump; 6 — pump pressure line; 7 — cav-
itation generator; 8 — post-diffuser; 9 — nozzle; 10 — cutter
of the cutting-loading machine working body; 11 — broken
coal; 12 — coal dust

not clog the critical section of the cavitation generator 7)
and through the post-diffuser § into the nozzle chan-
nels 9 to irrigate the cutting-loading machine cutter 70,
broken coal /1 and coal dust /2. As clogging accumu-
lates, the opening in the nozzle channels 6 decreases,
thereby creating a boost pressure. When the boost pres-
sure reaches half of the head pressure, the cavitation
generator 7is automatically activated and conditions are
created for its optimal operating mode (maximum fre-
quency and amplitude of pressure self-oscillations).
Pulsed water pressure, the maximum values of which are
increased at least twice, destroys clogging with destruc-
tion products of water supply system and rocks and
cleans the nozzle channels 6, which ensures continuous
cooling of cutter /0 of the cutting-loading machine ac-
tuator and high-quality irrigation of the broken coal 17
and coal dust 72, which reduces the probability of meth-
ane and coal dust /2 explosions.

The use of a cavitation generator for water pressure
oscillations in the cutting-loading machine irrigation
system, when breaking rock automatically and without
the use of manual labor, as the nozzle channels become
clogged, cleans them. This reduces maintenance costs
for the irrigation system and ensures its uninterrupted
operation, while reducing the probability of broken
rock-coal dust explosions and increasing the safety of
mining operations in coal seams prone to gas-dynamic
phenomena.

In addition, in an improved method, simultaneously
with the supply of the water-air mixture directly to the
broken coal mass near the face, the resulting coal dust-
methane mixture is removed from the space, bounded by
extraction working roof, its face and bottom. The re-
moved coal dust-methane mixture is directed towards
the ventilation flow movement of the extraction working
outside the cutting-loading machine boundaries. The
equipment consists of a cutting-loading machine with
two augers, one of which is mounted on its movable
boom, and a double-jet ejector, the water-air mixture of
which is sent directly to the broken coal mass on the
ground near the extraction working face. The cutting-
loading machine is additionally equipped with a suction
fan, an inlet perforated pipeline, and an outlet non-per-
forated pipeline, which are rigidly mounted on the cut-
ting-loading machine movable boom. The inlet perfo-
rated pipeline is placed above the broken coal mass in the
space, bounded by extraction working roof, its face and
bottom, and is connected to the suction fan inlet. A non-
perforated pipeline is placed in the flow that ventilates the
extraction working, towards its movement with coal dust-
methane mixture outside the cutting-loading machine
boundaries, and is connected to the suction fan outlet.

The essence of the improved method and equipment
of the cutting-loading machine is explained in the draw-
ings. Fig. 5 shows a technological scheme of the extrac-
tion working equipment for implementing the technol-
ogy of preventing coal dust-methane explosions during
the cutting-loading machine operation with equipment
placed on its body when mining coal seams prone to
gas-dynamic phenomena.

To implement an improved method for preventing
coal dust-methane explosions, the cutting-loading ma-
chine 7/ with a movable boom 2 and augers 3 and 4, a
double-jet water-air ejector 5 and a scraper conveyor 6

26 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N° 4



EEE

| | | |

Fig. 5. Technological scheme of the extraction working

equipment for implementing the improved technology
of preventing coal dust-methane explosions during
the cutting-loading machine operation with equip-
ment placed on its body:
a — top view; b — view of the longitudinal mine working
section; 1 — cutting-loading machine; 2 — movable boom of
the cutting-loading machine; 3 and 4 — cutting-loading
machine augers; 5 — double-jet water-air ejector; 6 —
scraper conveyor; 7— suction fan; § — inlet perforated pipe-
line; 9 — outlet non-perforated pipeline; 10 — selected coal
dust-methane mixture; 11 — ventilation flow of the extrac-
tion working

is additionally equipped with a suction fan 7, an inlet
perforated pipeline & and an outlet non-perforated
pipeline 9. The suction fan 7 is rigidly mounted on the
top of the movable boom of the cutting-loading ma-
chine /. The inlet perforated pipeline & is placed in the
space, bounded by extraction working roof, its face and
bottom, and is connected to the suction fan 7. And the
outlet non-perforated pipeline 9 is connected to the
suction fan 7 and directed into the air flow 7/, which
moves on the road of the cutting-loading machine 1,
towards the ventilation flow movement of the extrac-
tion working /17 outside the cutting-loading machine /
boundaries.

The water-air mixture, which is supplied under
pressure by a double-jet ejector, cools the cutters of
the working body and ensures effective wetting of the
cutting zone, creating a non-combustion atmosphere.
In this case, the coal dust-methane mixture that ac-
cumulates in poorly ventilated stagnant zones is sucked
in by the inlet perforated pipeline located above the
broken gas-saturated coal or a coal-rock mixture,
thereby effectively preventing possible ignition. When
irrigating with a pressurized water-air mixture, due to
the large droplet activity and high cooling potential,
the water demand is greatly reduced compared to pure
water irrigation. At the same time, the maximum val-
ues of water consumption and pressure are individually
selected for individual machine types. An improved
complex method involves simultaneous supply of wa-
ter-air mixture (with a minimum consumption of 2 x
x 107 m’/s and an average pressure of 15—20 MPa)

directly to the broken coal mass for wetting and to the
cutters of the working body for their cooling, as well as
suction of the coal dust-methane mixture created dur-
ing the cutting-loading machine operation in a gas-
saturated coal seam through the inlet perforated pipe-
line, which makes it possible to effectively prevent coal
dust-methane explosions.

Conclusions. The use of cavitation generators in the
irrigation system of cutting-loading machines in the
process of rock breaking to prevent coal dust-methane
explosions has been scientifically substantiated. Func-
tional dependence has been determined of amplitude
and frequency of the flushing fluid self-oscillations peri-
odically created at the outlet of the cavitation generator
on the boost pressure, which periodically occurs as the
nozzle channels are clogged with destruction products
of mine water supply system and rocks. The automatic
destruction and subsequent removal of clogging from
the nozzle channels are performed by high-frequency
self-oscillations of the flushing fluid, the pressure of
which at maximum amplitude and frequency values ex-
ceeds the ultimate compressive strength of the debris
particles.

An improved complex method for preventing coal
dust-methane explosions during the cutting-loading
machine operation in a gas-saturated coal seam pro-
vides high efficiency while controlling local coal dust-
methane accumulations in poorly ventilated stagnant
zones, due to irrigation of the broken coal mass with
water-air mixture and simultaneous removal of the cre-
ated coal dust-methane mixture from the mine working
face and its direction towards movement of the mine
working ventilation flow outside the cutting-loading
machine boundaries. The design of the equipment is
simple, reliable, and suitable for operation in under-
ground conditions, while the costs of installation and
maintenance are minimal.

Thus, the use of an improved method for preventing
coal dust-methane explosions, as well as the cutting-
loading machine equipment developed for this purpose,
can significantly reduce not only the methane concen-
tration in the air space, bounded by extraction working
roof, its face and bottom, but also the probability of coal
dust-methane mixture explosion during the cutting-
loading machine operation, thereby increasing the safe-
ty of mining operations when mining coal seams prone
to gas-dynamic phenomena.

At the same time, research has found that most
methane and coal dust explosions occur due to friction-
al sparking. During the cutting-loading machine opera-
tion, frictional sparking occurs mainly due to insuffi-
cient fluid supply to the places of contact between the
cutting tool and the rock containing pyrite and hard
sandstone inclusions. Therefore, the use of a method to
prevent clogging of nozzle channels by destroying it with
cavitation self-oscillations of the flushing fluid high-fre-
quency pressure will significantly increase the service
life and efficiency of the nozzles.

Nevertheless, the authors of the paper consider it ex-
pedient to direct further research in the field of ensuring
explosion safety in coal mines to develop improved
methods and devices for preventing frictional sparking
by supplying the flushing fluid directly to the zone of
sparking occurrence.
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Mera. YaockoHaJeHHSI CIIOCO0iB 00pPOTHOU i3 BU-
OyxaMU BYTUJIBHOTO MWJIY I MeTaHy y Mpolieci poboTu
BUIOOYBHOTO KOMOaiiHa mMpu po3poOIi BYTiJIbBHUX
IJIACTIB i3 ra30-AMHAMiYHUMM SIBUILIAMU.

Metoauka. [Ipy BUKOHAHHI HOCTIIXEHb 3aCTOCO-
ByBajucs 0a30Bi METOAUKM MaTeMaTUYHOTO i (izuyu-
HOTO MOJEIIOBAHHS, CTEHIOBOTO €KCIepUMEHTYBaH-
HsI, a TAKOX MPUIOMU OOpOOKM pe3yabTaTiB Jlabopa-
TOPHUX 1 TIPOMUCIIOBUX JOCHTIIKEHb Yy CepeaoBMII
EXCEL i MATHCAD. BumipioBaHHS ITMHaMiYHUX
ImapaMeTpiB KaBiTalliitHOI Teuii pimuHM (JaCTOTH i pO3-
Maxy aBTOKOJIMBaHb THCKY) IIPOBOIIIIOCS 3a TOIIOMO-
roro marymka JIJ11-20. CurHan yepe3 aHaJIOrOBO-LIM(D-
poBuii eperBoptoBay ALLTT-12 HanxonauB A0 amapar-
HO-IIporpaMHoOro kKomruiekcy Ha 06a3i  ITEBM
Athlon-800 i3 MporpaMHUM 3a0e3IMeueHHsIM
«DASYLAB» i «<GEMIS WIN».

Pe3ynbTaTu. Po3pob6ieHo cnocid 60poThdu i3 BUOy-
XaMM TIMJIOMETAHOBOI cyMilli. g aBTOMaTU4YHOTO
pyHHYBaHHS i BUIAJICHHST 3aCMiueHHST Y KaHajax (pop-
CYHOK 3pOIIYBaHOI CUCTEMHU 3aCTOCOBYETHCSI TeHepa-
TOp KaBiTalliMHMX aBTOKOJMBaHb TUCKY LLIaXTHOI MpPO-
MUBHOI pinuHu. OQHOYACHO i3 MoJavero BOAOTIOBITPS -
HOI cyMillli 6e3rocepeaHbo A0 3pyMHOBAHOI Macu BY-
TS, MJIOMETaHOBA CYMIII, IO YTBOPIOETHCS B 3a-
CTiIiHUX 30HAaX OiJig BUOOIO, 3aCMOKTYEThCS ephopo-
BaHUM TPYOOMNPOBOIOM i HATIPABJSIETHCS MO Herepdo-
poBaHOMY TpPyOOIpPOBOAY 32 MeXi BUIOOYBHOTO KOM-
0aifHy B HaNpsSIMKY PyXy BEHTWISLIITHOrO MOTOKY Tip-
HUYOI BUPOOKU.
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HaykoBa noBusHa. HaykoBo oO0rpyHTOBaHe 3aCTO-
CyBaHHS KaBiTallilHUX T€HepaTopiB y CUCTEMi 3po-
LLIEHHS TipHUYMX KOMOaMHIB y mpolieci pyiiHyBaHHS
TipChbKMX TOPifa aJisi 60poThOU i3 BUOyXaMU BYTiJIbHO-
ro nmuay i metany. BctanoBneHa ¢pyHKIiOHaIbHA 3a-
JIEKHICTh MEePiOAMYHO CTBOPEHUX HA BUXO/I i3 TeHe-
paTopa KaBiTallil aMIUIITyIu i1 4aCTOTU aBTOKOJIMBaHb
MPOMUBHOI PiAWHM Bil MiANiPHOIO TUCKY, 11O MEPio-
IUIHO CTBOPIOETHCS Y Mipy HAKOITMYCHHS 3aCMideH-
HS KaHaJiB (POPCYHOK MPOIYKTaMM PYHHYBaHHS
LIAXTHOTO BOAOTOHY I TipChKUX MOpPia. ABTOMaTU4YHE
pYIHYBaHHS 1 HacTyITHEe BUIAJICHHS 3acMiueHHS i3
KaHaliB (POPCYHOK 3HiMCHIOETHCS BUCOKOYACTOTHU-
MU aBTOKOJIMBAaHHSIMM IIPOMUBHOI PiTWHU, BEJTMINHA
TUCKY $IKOi 3a MaKCHUMaJbHUX 3HAaY€Hb aMILIITyou

1 4acTOTHU TMEPeBUIIYE MEXY MillHOCTi YaCTHMHOK
CMITTS Ha CTUCK.

IIpakTyHa 3HAYMMiCTb. YIOCKOHAJIEHUN KOMII-
JIEKCHUI crocib Moxke 3a0e3rneynTu 0e3nepediliHy po-
00Ty (hOPCYHOK 3pOILIYBAaHOI CUCTEMU Ta 3HAYHO 3MEH-
IIUTA MMOBIPHICTb BUOYXYy IMJIOMETAHOBOI CyMillli
V MiCIISIX HAKOTIMYEHHS 3pYHHOBAHOTO Ta30HACUYCHO-
ro BYTULISI B Ipolieci poOOTH BUAOOYBHOIO KoOMOaliHa.
Takox BiH MigBuIye Oe3IeKy TipHUYUX pOOIT Ipu
po3poO1i BYTiJIbHUX MJIACTIB, CXWJILHUX 10 ra30MHa-
MIYHUX SIBUIII.

KmouoBi cioBa: 6udobysnuii komobaiin, eyeinbHull
nun, Memad, KagimayiiHuil 2eHepamop
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