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AERODYNAMIC ENVIRONMENT IN MINE ATMOSPHERE DURING GAS-DYNAMIC
PHENOMENON

Abstract. The aim of the researches was to study the formation of the aerodynamic environment in mine workings
during coal and gas outbursts. In this paper, main parameters are considered, including the velocity of the gas-air medi-
um, gas pressure and the influence of local obstacles with features of overcoming them. The methane concentration is
determined in return air stream during methane outbursts in zones of fault dislocations and flexures during mining opera-
tions. The relative change in methane concentration along the length of the mine working during the gas-dynamic phe-
nomenon associated with coal micro-outbursts is specified, and the interrelations between the amount of methane re-
leased into the mine atmosphere and the change in the pressure of the shock and reflected wave front in the mine at-
mosphere is also determined depending on the mass of ejected coal during the gas-dynamic phenomenon. Methods and
means of explosion localization including barriers and vacuum traps are considered.

On the example of coal-gas outbursts at the O. F. Zasyadko Mine, the main factors that affect the aerodynamic en-
vironment in the mine atmosphere during gas-dynamic phenomena were studied. The analysis of the dynamics of gas
release and changes in methane concentration in return ventilation streams made it possible to establish the nature of
the airflow propagation in mine workings and to assess their impact on the mine ventilation regime. The features of the
formation of a two-phase flow consisting of solid and gas phases were determined, and their impact on technological
equipment, support systems and the condition of mine workings was also assessed. Some means for localization and
devices for reducing the damaging factors of a gas-dynamic phenomenon were considered, which ensure flame sup-
pression, reduction of shock wave pressure, capture of flying fragments and objects, as well as a reduction of methane
content in the mine atmosphere.

Approaches to controlling the parameters of shock waves and methane concentration in the mine atmosphere are
proposed, which makes it possible to reduce the negative impact of gas-dynamic phenomena on the condition of mine
workings and to improve the safety level of mining operations in outburst-prone seams. The obtained results can be
used to improve mine ventilation systems and emergency protection measures.

Keywords: gas-dynamic phenomena, control, gas flows, barriers, localization means.

1. Introduction

The low efficiency of the combined use of ventilation and integrated gas-drainage
systems at modern high-capacity coal mines does not allow for timely eliminating the
danger of local methane accumulations at junction of the mine workings, as well as in
certain sections of the mine ventilation system [1]. Emergency situations arise with
sudden methane outbursts, the occurrence of local fire sources and their development
[2]. Analysis of the causes of their occurrence indicates an inadequate efficiency of
operational mine ventilation control and an extremely low level of application of
methods for monitoring the state of gas-bearing coal-rock massifs [3]. The solution of
this problem is of great scientific and practical importance for ensuring labor protec-
tion and occupational safety in coal mines [4, 5].

The aim of this work is to study the patterns of the propagation of gas-dynamic
phenomena through the network of mine workings [6]. To achieve the goal, it is nec-
essary to solve the following tasks: to substantiate the methodology for studying the
Impact of gas-dynamic phenomena on the network of mine workings, and to investi-

gate the patterns of their propagation through the network of mine workings. The de-
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velopment, based on the obtained results, of parameters describing the process of
outburst propagation in networks of mine workings, including those that take into
account the possible occurrence of an outburst of methane-dust-air mixtures and the
development of a fire, is an urgent scientific task.

2. Methods

The research methodology was comprehensive and consisted of assessing the
formation of the aerodynamic environment in mine workings during outbursts.
Studies of the dynamics of methane concentration changes were conducted according
to data from automatic methane control (AMC) in terms of methane content in the
mine atmosphere. The gas factor was studied based on the dynamics of background
methane concentrations during the shearer operation, coal extraction and stripping
according to KAGI data. It was proposed to determine the volume of methane
released during a gas-dynamic phenomenon (GDP) based on measurements of
methane concentration and air flow in the return ventilation streams in dead-end mine
workings where the GDP occurred. Methane concentration was determined using
chart records from AMC equipment. Shift and daily printouts were also used. The
background methane concentration was determined according to the minimum
values. The methane volume released during an outburst (m3) was calculated taking
into account finished cross-section of the mine working.

Models of air shock wave formation and propagation in mine workings were
developed on the basis of classical equations of gas flow with shock wave formation
[7]. Experimental studies included modeling of physical processes during the
generation and propagation of air shock waves under conditions close to those in
mine workings, as well as their interaction with various obstacles and means for
explosion protection. To enter the initial data, it is necessary to set boundary
conditions for each mine working.

Methane explosion can be modeled in two ways: in the form of a chain reaction of
combustion, which is taken into account by the heat release parameter, and by
specifying a constant pressure in the explosion zone [7]. Conducting such studies is
difficult; therefore, a method has been developed for assessing the GDP formation
and progression in mine workings based on the parameters of the relative velocities
of elastic vibrations in the rock mass that arise during the propagation of a shock
wave with flying fragments and objects [2, 8].

Devices for mitigating the GDP damaging factors provide flame suppression, re-
duction of shock wave pressure, capture of flying fragments and objects, and a de-
crease in the content of GDP products in the mine atmosphere.

When designing devices for reducing the damaging factors of the GDP, it is nec-
essary to take into account the regime of the GDP propagation, which can vary from
deflagration to detonation. Depending on various factors, its parameters vary in a
wide range (shock wave velocity from 340 m/s to 1800 m/s, flame propagation veloc-
ity from 0.4 m/s to 1800 m/s) [9].

Depending on the applied method for GDP localization, passive (shale and water
barriers) or automatic means of localization (AML) are installed in the mine work-
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ings, which include localizing barriers, spline stoppings, labyrinth barriers, rapidly
deployable explosion-proof units and other structures.

Localization is understood as prevention of flame propagation and high-
temperature GDP products by using special technical devices.

In mines extracting both outburst-prone and non-outburst-prone seams, barriers
are installed in roadways driven from a safe seam into a hazardous one. Barriers are
installed on straight sections of the roadway with a constant cross-section. Cavities
formed during roadway advancing behind the support elements in zone, where the
barrier is installed, are filled with non-combustible materials. The barrier in the mine
working is installed in such a way that it does not create obstacles for mine transport
and for personnel moving along the workings.

Gas-dynamic phenomena (GDP) are localized by means of barriers in develop-
ment workings driven through the coal or coal-rock mass; in longwall faces; in con-
veyor roadways; in the wings of the mine field for each seam; and in fire areas.

To ensure the correct binding of spatiotemporal factor to the geometry of events
occurring in mine workings during the gas-dynamic phenomena, it is advisable to use
seismic methods for determining the velocity of longitudinal wave propagation in the
rock mass. Determining the medium velocity characteristics makes it possible to
improve the accuracy of localization of acoustic signal sources and to reconstruct the
parameters of dynamic processes.

Seismoacoustic methods provide registration of impulses that arise as a result of
impacts of rock fragments against the walls of the mine roadways, as well as during
the sudden release of energy in the rock mass. Based on the analysis of time delays
and signal amplitudes, the coordinates of the event origin points, intensity of events
and nature of their development are determined.

Atmospheric pressure in the mine working is determined using pressure sensors
evenly distributed along the length of the mine roadway. This approach makes it
possible to obtain a spatial distribution of pressure and to relate it to the geometry of
the mine roadway and seismoacoustic events. Correlation of pressure data with the
results of seismoacoustic measurements creates an integrated information base for
analyzing dynamic processes.

If there are time intervals between the recorded signals, hodographs of wave
propagation along the walls of the mine workings are constructed, which makes it
possible to determine the velocity parameters of the wave field, as well as the
coordinates and characteristics of events occurring in the rock mass.

A comprehensive analysis of seismic and seismoacoustic monitoring data and
aerodynamic environment parameters enables to create an integral picture of the
development of gas-dynamic phenomena in mine workings. This, in turn, allows
assessment of the impact of the mine atmosphere on the dynamics of these processes,
in particular, changes in airflow parameters, distribution of gas components and local
turbulent disturbances.

The obtained results can be used for predicting dangerous situations, improving
the efficiency of ventilation systems and developing measures to ensure the safety of
mining operations.
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3. Results and discussion

The main volume of gas emissions from the rock mass begins in the area adjacent
to the face of the preparatory roadways. In zones prone to gas-dynamic phenomena,
the increase of methane concentration in the return stream exhibits a constantly in-
creasing trend or occurs in the form of spikes. The spikes are observed in the return
streams. Turbulence of the return air stream smooths the sources of gas emissions.
Therefore, the formation of the aerodynamic environment should be considered in the
relation of different regimes of manifestations. Fig. 1a and 1b show the dynamics of
gas flow formation during micro-outbursts in zones of disjunctive disturbances at the
O.F. Zasyadko Mine.

Ccme,% }1
0.3 ﬁ\\w
02 K n Adan ™ pOmrn | N Vﬂ ,J\"'-\
WO o M
0.1 Background
0 2 4 6 8 1 12 14 16 1 20 22 T h
a)
Ccns, %0
0.4
hY
™
0.3 AN JJ .
e T TN Y T
[t N\ ;’ W”\J"\)\"" -
0.2 A L ha
Background
0.1

0 2 4 6 8 10 12 14 16 18 20 22 Th

b)

Figure 1 — Methane concentration in return air stream during roadway advancing in the Vitkovska
flexure of the 17th western longwall of the seam m3

In Fig. la, the background values of the methane concentration are 0.18%, and,
under the threat of the GDP occurrence, they increased to 0.38% and then decreased
to the background levels over a period of 4 hours. A similar situation was observed in
the 17th western longwall during roadway advancing in the influence zone of the
Vitkovska flexure.

In Fig. 1b, the background values were practically the same, at 0.18%, while the
anomalous values reached 0.41%. The decrease to background levels lasted for more
than 4 hours. Methane release was significant and occurred in the process of micro-
outbursts.

Dynamics of the micro-outburst development is shown in Fig. 2 and indicates
background values of methane concentration of 0.22-0.26%, and prior to outburst —
of about 0.2%. The outbursts occurred at concentrations of 0.44% and 0.40%, respec-
tively. The presented dynamics of methane concentration in the atmosphere of mine
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workings prior to gas-dynamic phenomena makes it possible to trace changes in
background and peak methane concentration during the formation of aerodynamic
environment in dead-end workings. To clarify the fluctuations of background values
and methane concentration in the return air stream, experimental studies were per-
formed to determine the relationship between gas-dynamic phenomena and the struc-
ture and conditions of the rock mass. For this purpose, seismicity of the Vitkovska
flexure was studied. The rock mass destruction was monitored using seismoacoustic
measurements [4].
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Figure 2 — Methane concentration in return air stream during roadway advancing in the dislocation
zone of the 18th western longwall of seam m3

The force parameters reach their maximum values when fragments of the de-
stroyed rock mass are ejected with the outburst. As a first approximation, they are
within the range of (0.4—4)x10° Pa. Under certain conditions, excess gas pressure can
reach values of the same order of magnitude, (0.1-3)x10° Pa. And, finally, the mini-
mum values correspond to the dynamic pressure of the gas flow, which is less than
0.05x10° Pa. Similar data are given in the works [6, 10]. Such dynamic loads affect
the technical equipment located within zone of propagation of the two-phase outburst
flow, as well as protective devices installed to control this process.

The process of the roadway gas contamination propagates at high speed. The dy-
namics of pressure distribution in the mine atmosphere is shown in Fig. 2. The gas
contamination level remains unchanged for a long time, up to 4.5 hours.

Generalization of the gas contamination process in the mine working showed that,
starting from the dead end face, nearly 500 m of the roadway feature high methane
content, after which the remaining section of the working begins to fill. As a result,
the amount of air in the working decreases due to the rock and coal, which partially
close its cross-section [11]. Calculations of the dispersion parameters during outburst
of rock, coal and gas makes it possible to establish the dependence between the
amount of methane released and the mass of ejected coal in the dead end working,
based on the experimental research results and data processing.

Considering the initial velocity on the order of tens of meters per second, the de-
structive action receives significant kinetic energy (about 0.5x10% kJ/t), which en-
sures its movement through the mine working and has a significant dynamic impact
on technological equipment and various types of obstacles.
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According to the methane control data by the AGC system, Fig. 3 shows the dy-
namics of relative gas monitoring.

An intensive decrease in the relative methane concentration is observed in the first
section of the roadway (up to 1000 m). At an air flow velocity of 2.2 m/s, active dilu-
tion of the gas mixture with a fresh air stream occurs.
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Figure 3 — Relative change in methane concentration along the length of the roadway during
the GDP (at an air flow velocity of 2.2 m/s) at coal micro-outbursts

At a distance of 500 m from the location of the micro-outburst, the relative con-
centration decreases to a level of 0.4-0.45. With further air flow movement (from
1000 m to 2000 m), the rate of concentration decrease slows down, which indicates a
gradual equalization of the gas-air mixture and its stabilization. At a distance of 2000
m from the gas emission source, the relative methane concentration is approximately
0.15-0.18 of the initial value, which indicates the efficiency of gas removal by the
ventilation airflow at a velocity of 2.2 m/s.

Experimental data on gas pressure according to the results of gas survey at the
O.F. Zasyadko Mine are shown in Fig. 4.
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Figure 4 — Relative change in pressure in the mine atmosphere along the roadway length during a
gas-dynamic phenomenon

The graph demonstrates a gradual decrease in relative pressure with increasing
distance from the source of energy and gas release. The highest values of relative
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pressure D/Dg are recorded directly in the outburst zone (section 0-500 m), where
D/D, reaches maximum values (over 8 units).

A characteristic exponential decrease in pressure is observed. In the section from
500 m to 1500 m, the most intensive stabilization of air environment parameters oc-
curs, which is associated with the expansion of the compressed gas and its movement
along the mine working.

At a distance of more than 1750 m, values of the relative pressure approach the
asymptotic minimum (about 2 units), which indicates a gradual pressure equalization
in the mine working network and the transition of the wave to the damping stage.

After data preparation, the parameters of air shock waves in the network of mine
workings are calculated [10]. The calculated pressure of the front of shock and re-
flected waves in the mine atmosphere are given in Table 1.

Table 1 — Pressure variations in the shock and reflected wave front in the mine atmosphere

depending on the mass of coal ejected during the GDP
. Pressure of the Pressure of the Shock wave
Mass of coal ejected .

during the GDP P, t shock wave front reflected wave velocity V,,

D, MPa front Do, MPa km/s

5 1.20 0.542 0.59

10 1.05 0.75 0.90

25 2.80 1.500 1.56

40 3.33 2.530 1.80

It was established that the pressure of the fronts of the normal shock wave and
wave reflected from the face of the dead-end working differ by the amount of dissipa-
tive losses. The dynamics of pressure changes and relative methane concentration
over time indicates that within 3—4 minutes after the outburst, the methane concentra-
tion reaches its maximum and, depending on the mass of the ejected coal, can be
more than 90%. The dependence of the amount of methane released into the mine

atmosphere during the gas-dynamic phenomenon on the mass of the ejected coal [2]
is shown in Fig. 5.
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Figure 5 — Dependence of the amount of methane released into the mine atmosphere on the mass of
the ejected coal
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Having processed the experimental data, we found the dependence between the
amount of methane and the mass of the ejected coal in the dead-end working, which
IS

G =0.2049 - P —1.5165; R? = 0.8102,

where G is the volume of methane released, m3, and P is the mass of ejected coal, t.

Using the method of seismoacoustic emission (SAE) and the spectral density in-
dex, three stages of roof caving manifestations were identified (caving of the imme-
diate roof, of the main roof, and overall failure), which are determined by the nature
of interaction between the main and immediate roof. Each of the stages is character-
ized by certain parameters of SAE activity.

Currently, promising research directions include the development of the methods
for controlling gas flow beyond the zone of solid phase outburst. Their implementa-
tion in industry is aimed at improving the safety of mining operations in outburst-
prone seams. The conducted studies indicated that there are possibilities for signifi-
cantly reducing the negative impact of the shock wave front when the gas-dynamic
phenomenon propagates through the network of mine workings

For this purpose, based on the analysis of studies [10], the following is recom-
mended:

1. At a distance of 20-40 m from the face of the dead-end working, it is necessary
to construct a rope stopping: despite the possible equality of the force parameters of
the solid and gas phases, the main destructive effect is exerted by the solid phase of
the flow due to the concentrated nature of the impact and the almost instantaneous
conversion of its kinetic energy into destruction work. Therefore, methods of control-
ling the Kkinetic energy of the two-phase outburst flow are implemented using various
types of barrier stopping. During inelastic impact and a change in the trajectory of the
fragment motion, their velocity is damped by directing them to the walls of the work-
ings, or onto the destroyed rock mass.

Therefore, it is recommended to ensure the localization of the solid phase during
the outburst by constructing curtain-type barriers in the form of rope stopping (rigid
or with damping) at a distance of about 20 m from the face of the working. This en-
sures the separation of the solid phase from the gas phase.

2. At a distance of 250-500 m from the face of the dead-end working, it is neces-
sary to install means for localization of the methane-air mixture during the propaga-
tion of the GDP along the network of mine workings.

Table 2 presents the parameters of the interaction of the shock and reflected wave
front with the walls of the mine workings when passing the cross-sectional expansion
of the mine workings, curvatures and turns [9].

Analysis of the table data shows that the effectiveness of different types of
barriers is determined by their aerodynamic characteristics and ability to influence the
parameters of the shock wave. In particular, shale and labyrinth barriers are
characterized by higher frontal resistance (180 Pa-s/m3 and 230 Pa-s/m3,
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respectively), which provides more intensive interaction with the flow and partial
damping of its energy.

Table 2 — Parameters of the shock wave core propagation in the mine atmosphere
when passing the cross-sectional expansion of the mine workings, curvatures and turns [9]

Type of Barrier Frontal Resistance Kk, _Aerodynamic Air shocl_< Wave Front
Pa-s/m® Resistance b, Pa-s/m3 Velocity V, km/s
Water curtain 110 25 3.3-4.9
Water barrier 105 33 7.1-8.8
Shale barrier 180 15 8.3-9.2
Labyrinth barrier 230 30 6.2-7.1

Devices for water-based localization (water curtain and water barrier) have
relatively lower or moderate resistance values, however they effectively influence the
airflow dynamics due to the additional mechanisms of energy dissipation associated
with gas-water phase interaction.

The values of the shock wave front velocity vary widely depending on the type of
barrier. The lowest velocities are observed when using a water curtain (3.3-4.9 km/s),
which indicates its effectiveness in reducing wave intensity. At the same time, shale
barriers correspond to higher velocities (8.3-9.2 km/s), which indicates a lower wave
damping effect, but a greater ability to counteract the mechanical impact of the solid
phase.

Thus, the results in the table demonstrate that different types of barriers
implement different mechanisms of influence on the gas-dynamic process: water-
based barriers act mainly through energy damping, while solid structures - through
mechanical resistance and changes in the flow structure. This must be taken into
account when choosing means for localizing gas-dynamic phenomena in mine
workings.

Fig. 6 demonstrates the scheme of the GDP propagation through the network of
mine workings and the method for controlling the outburst flow. The research results
prove the fundamental possibility of controlling the outburst process in the zone of
two-phase flow propagation. However, technical and technological difficulties of
implementing such methods limit their practical application. To date, they have not
essentially progressed beyond the stage of laboratory and mine research.

Although the solid and gas phases of the flow may have similar force parameters,
the main destructive effect is still exerted by the solid phase of the flow due to the
concentrated nature of the impact and the almost instantaneous transition of its kinet-
ic energy into destructive work. Therefore, methods of controlling the kinetic energy
of a two-phase outburst flow using various types of barrier stoppings, based on direct
force counteraction to the impact of flying rock fragments, do not give the desired
results, it is necessary to search for the innovative technical solutions.

A flow distribution method was developed for predicting flow distribution in the
mine ventilation network in the event of outbursts in any of its branches, which al-
lows identification of network sections at risk of fresh air stream displacement.
Summarizing the numerical results, it should be noted that the ventilation stream dis-
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placement typically occurs when the gas flow rate exceeds the air consumption in the
mine by 25% under normal conditions. This means that at a methane flow rate of
5-10 m®/s, conditions are created for gas accumulation in local air supply workings.
Displacement of fresh air in ventilation shafts can occur at a methane flow rate of
more than 70-120 m%/s.
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Figure 6 — Localization of methane-air mixture during the GDP propagation
in the network of mine workings

The regulation of aerodynamic resistance should be installed in ventilation net-
work sections that are dangerous for displacement, particularly at the junction of the
roadways, where fresh and return airflows meet. Structurally, adjustable aerodynamic
resistance can be of different types: stoppings with single- or double-leaf doors,
shelves with latches, parachute stoppings, etc. Their choice depends on the specific
conditions of use. The main requirements for them are as follows.

1. Under normal conditions, they should not affect flow distribution, ensuring free
passage for transport and personnel, i.e. under these conditions, the adjustable aero-
dynamic resistance should be minimal.

2. In the event of an outburst, the cross-section of the mine roadway where the re-
sistance is installed must be effectively blocked (aerodynamically sealed) to prevent
the danger of displacement of fresh ventilation air and gas accumulation in the mine
working. In this case, of course, the stopping must withstand the pressure of the gas-
air outburst flow.

After the outburst process ends, the adjustable aerodynamic resistance should re-
turn to minimal values and not impede the restoration of conditions for the normal
ventilation functioning. That is, the stopping should operate only during the outburst
for the duration of the event.

The means recommended for localization of methane-air mixture during the GDP
propagation through the network of mine workings are based on the results of acci-
dent investigation. Most miners perish when exposed not only to the explosion flame,
which has the smallest area of propagation, but also from damaging factors: shock
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wave, flying fragments and objects, the presence of toxic explosion products, includ-
Ing methane, in the mine atmosphere.

The main task of the control effects on the kinetic energy of the outburst is to
change the conditions of the two-phase flow at the boundary between the two media.
It is necessary to determine such parameters of the control actions, at which the out-
burst is suppressed, or its consequences are minimal. The control parameters include
the roadway volume W;, the initial barometric pressure P in the roadway volume and
the aerodynamic resistance of the ventilation network. Control of the process of the
solid phase outburst shows that by changing the backpressure it is possible to regulate
the initial velocity of the solid phase and the gas flow rate. Beyond the outburst zone,
control of the gas phase is arranged by installing various obstacles.

Thus, existing systems do not provide effective mitigation of the damaging factors
of the shock wave, gas contamination of roadways, or methane—dust—air explosions,
and the mutual arrangement of the devices within these systems is not aimed at
achieving these objectives. Moreover, the use of force-based tools to reduce damag-
ing factors causes significant dynamic loads on their elements and, as a consequence,
their destruction.

The developed system has several distinctive features, the essence of which lies in
the controlling the damaging factors, namely, the parameters of the front of the direct
and reflected shock wave, the pressure in the core of the shock wave front, and the
reduction of gas contamination in the mine atmosphere.

When registering a sudden coal and gas outburst, the system enters a state of read-
iness to reduce the damaging factors. Fig. 7 shows a functional diagram of the con-
trolling and monitoring unit (CMU) when vacuum cylinders are located in the road-
way. The system has a modular autonomous structure and consists of an acoustic vi-
bration sensor D, mounted in a borehole and connected to the CMU. The vacuum cyl-
inder, mounted on brackets, is attached to the sidewall between the support frames of
the roadway. The CMU consists of sensors 17 installed on the cylinders, a controller
8, monitoring units 13-15 and control units 9 and 10, execution sensor 11, elements
of the telecommunication system for information exchange 14 and15 and unit of the
final operation 16. Vacuum cylinders (3040 pcs.) are installed sequentially along the
length of the roadway at a distance of a quarter of a wave. When the sensor 11 regis-
ters a seismic signal from a sudden outburst, the system enters a state of readiness to
perform protective functions. The controller 12 blocks the system activation in the
event of a false emergency signal. As the shock air wave front moves through the
roadway, the valves of the vacuum cylinders open, thereby reducing the overpressure
and methane concentration. Thus, methane is utilized, the overpressure is reduced,
and the parameters of the destructive force of the sudden outburst are changed.

Thus, means and method for localizing gas outburst have been developed, which
control the parameters of the shock wave pressure and methane concentration in mine
workings in the form of vacuum traps, water curtains and barriers, which reduces the
negative impact on the condition of roadways, and support structures and equipment
during the gas-dynamic phenomena. Some provisions of this research have become
an integral part of Ukrainian patents [12, 13].
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Figure 7 — Functional diagram of the control and monitoring unit with vacuum cylinders
installed in the roadway

4. Conclusions

The patterns of gas-dynamic phenomena formation and propagation in the
network of mine workings, as well as their influence on the aerodynamic regime of
the mine atmosphere were investigated during this research. It was established that
the main volumes of gas release are localized in the face zone, and the dynamics of
methane concentration changes exhibit either gradual growth or pulse spikes, which
can serve as a diagnostic indicator of approaching gas-dynamic phenomena.

It was shown that during outbursts, a two-phase flow is formed, in which the solid
phase plays a decisive destructive role due to high kinetic energy and concentrated
impact, while the gas phase causes prolonged gas contamination of the roadway and
creates the prerequisites for explosive situations. It was also established that
maximum methane concentrations occurs within the first minutes after the outburst
and can exceed 90%, with the dangerous gas contamination zone extending over
considerable distances along the roadways.

The interdependence between the volume of released methane and the mass of
ejected coal was substantiated, and critical conditions for the displacement of
ventilation streams were determined, which occur when the gas flow rate exceeds the
air flow rate. This allows for predicting the most dangerous sections in the ventilation
network and increasing the efficiency of operational ventilation control.

A set of technical solutions was proposed for the localization and reduction of the
damaging factors due to the gas-dynamic phenomena, in particular the use of rope
stoppings, means for localization of the methane-air mixture and adjustable
aerodynamic resistances. An approach for controlling the parameters of the shock
wave and methane concentration using vacuum systems was developed, which
ensures a reduction in excess pressure and the level of gas contamination of the mine
atmosphere.

The scientific novelty of the work lies in establishing the relationship between the
parameters of gas-dynamic phenomena and the characteristics of the ventilation
network, as well as in the advancing of approaches for controlling two-phase flows in



116 ISSN 3083-6271 (Print), ISSN 3083-628X (Online) Geo-Technical Mechanics. 2026. 1ss.177

mine workings. The practical significance of the obtained results is in their potential
use to improve emergency protection systems, to enhance the reliability of ventilation
systems and to reduce the risk of accidents associated with coal and gas outbursts.

The obtained results can be applied in the design and modernization of mine
ventilation and gas-drainage systems, as well as in the development of regulatory
documents on the safety of mining operations.
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AEPOOWHAMIYHE CEPE[IOBWLLE Y LLAXTHIA ATMOC®EPI NiA YAC NPOTIKAHHA
FA30OAWHAMIYHOIO ABULLIA
lNununerko KO.M., KypHocoe C.A., Makeesg C.1O., OciHHit B.A.

AHoTauif. PoboTta npucesyeHa JOCNiMKEHHAM POPMYBaHHS aepoaNHaMIYHOMO CepeaoBuLLa B MipHNYMX
BMpoOKax nig 4ac NpoTikaHHA BMKMAY Byrinns i rady. PO3rnsHyTi OCHOBHI mapameTpu — LUBMAKICTb
ra3onoBiTPSHOrO CepefoBMLLa, TUCK rasy i BMMMB NOKaNbHUX Nepelikod Ta 0ocobnmBOCTi X MOAOMNAaHHS.
BcTaHoBreHa KOHLUEHTpaLis MeTaHy y BUXIZHOMY CTPYMEHi MOBITPS NMPU BUKMAI METaHy B 30HaX PO3PUBHUX
AuCrokaLin i donekcyp npu npoBedeHHi BUPobOK. BcTaHoBrneHa BigHOCHA 3MiHA KOHUEHTpauii MeTaHy no
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LOBXWHI BUPOOKM Nif Yac ra3oAnMHamivHOro SBmLLa Npu MiKPOBMKMAAX BYFINNS, @ TAKOX BU3HAYEHA 3aNeXHICTb
KINbKOCTi METaHy, BMKMHYTOrO B aTMocepy BUPOBKW, i 3MiHa TUCKY (OPOHTY ydapHOI Ta Bigbutoi xsuni y
PYOHWKOBIN aTMocdepi 3anexHo Bif Macu BUKUHYTOrO BYIfNS Mif Yac ra3ognHamiyHoro ssuia. Po3rnsHyTi
cnocobu i 3acobu nokanisalii BuOYxiB — 3aCnoHM i BakyyMHi nacTku. Ha npuknagi BUkuAis Byrinns i rasy Ha
waxti im. O.0. 3acsagbka BUKOHAHI LOCRIKEHHS OCHOBHUX (haKTOpiB, SiKi BMNMBAlOTL Ha aepofayHamivHe
cepefoBule B LUAXTHIA aTMocdepi Mg Yac npoTikaHH] rasoguHamiyHoro siBuwa. lpoBedeHun aHania
AVMHaMIKL ra3oBUAINEHHS Ta 3MiH KOHUEHTpaUil MeTaHy Yy BUXIOHWX BEHTUNALIMHWUX CTPYMEHSIX [03BOSMB
BCTAHOBWTW XapaKTep MOLUMPEHHS Ta30BMX MOTOKIB Yy TipHMYMX BMPOBKax Ta OLHEHO iX BMAMB Ha
BEHTUNALIMHWAN peXuUM WaxTh. BusHayeHo ocobnneocTi hopMyBaHHsS 4BOGA3HOr0 NOTOKY, KW CKNagaeTbCs
3 TBepaoi Ta rasoBoi a3, a TakoX OLHEHO iX BMAMB Ha TEXHONOriYHe 0bnagHaHHs, KpinneHHs Ta CTaH
ripHM4nx BUpobOK. Po3rnsHyTi geski 3axogn nokanisauii Ta MpUCTPOI 3HWXKEHHS BpaXatouux akTopis
ra3oguHaMiyHoro sBuLLa, Ski 3abeaneyyioTb raciHHS NOMYM's, 3HUKEHHS TUCKY yOapHOI XBWMi, YNOBIOBAHHS
OCKOJIKIB | MpeaMeTiB, L0 PO3NiTatoThCs, @ TakKoX 3HWKEHHS BMICTY MeTaHy B PYAHWYHIA aTMOCepi.
3anponoHOBaHO MiAX0AW [0 YNpaBliHHA NapameTpamu yAapHOI XBWMI Ta KOHLEHTPALLE MEeTaHy B LUAXTHiN
aTMocdepi, Lo A03BONSE 3MEHLUMTW HETAaTUBHUI BMMB ra30AMHaMIYHIUX SBULLY HA CTaH FipHUYMX BUPOOOK i
NigBMWMTY piBeHb Be3nekn BedeHHs TipHUUMX pobIT Ha BUKMAOHebe3neyHux nnactax. OTpuMaHi pesynbTaTtu
MOXYTb ByTN BUKOPUCTaHI NPy BAOCKOHANEHHI CUCTEM BEHTUNALiT Ta NPOTMABAPINHOMO 3aXUCTY LUaxT.
KntoyoBi cnoBa: razognHamiyHi sSBuLLa, KOHTPONb, ra3oBi NOTOKK, 3aCMOHKM, 3acobm nokanisadii.
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