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Abstract

An explosion with a discontinuous gas supply (DGS-explosion) is more complicated than a
common secondary explosion. We present the results of a study on the propagation laws of
the DGS-explosion induced by a gas explosion in excavation roadways. A rectangular tube
was established using ANSYS, similar to an excavation roadway in an underground coal
mine. The gas, flame, and shock wave propagation laws were determined by analyzing the
explosive gas as it exited the excavation roadway. The results show that the initial explosion
caused the flame generated in the DGS-explosion to be significantly stretched. Moreover,
the shock wave was reflected by the end of the tube, which resulted in the reverse migration
of the local gas after the DGS-explosion. Meanwhile, with the increase in local gas concentra-
tions, the pressure peak and the entire explosion system can increase after the DGS-explo-
sion. The flame region, temperature peak, and flame irregularity in the tube positively
correlate with the concentration. These results can provide theoretical support and an experi-
mental basis for preventing and responding to accidents caused by gas explosion accidents.

1. Introduction

In China, gas explosion accidents are one of the most devastating accidents in coal mines.
Although coal mine accidents in China have decreased significantly with the continuous
improvement of mining technology, gas explosion accidents are still a significant part of coal
mine production. As shown in Table 1, gas explosion accidents have occurred worldwide in
recent years [1]. Although gas explosions’ prevention and control methods have been studied
extensively [2], disasters still happen. A gas explosion may occur when the surrounding envi-
ronment reaches ignition conditions [3, 4]. The high temperature and high pressure generated
after a gas explosion may cause multiple explosions when the initial explosion comes into con-
tact with methane gas due to poor ventilation management or local protrusion [5].

In recent years, scientific knowledge of gas explosions and prevention measures have
improved, both in China and other countries. There are many reviews and references to the
laws of gas explosion propagation. The flame acceleration and microstructure, external condi-
tions (such as obstacles [6, 7], gas concentration [8, 9], temperature [10, 11], and ignition
energy [12, 13], etc.), as well as characteristic parameters during the gas explosion have been
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Table 1. Severe gas explosion in coal mines worldwide.

Country Coal mine Casualties Date
USA Upper Big Branch 29 04/05/2010
Russia Raspadskaya 90 05/08/2010
Turkey Karadon 30 05/17/2010
Colombia San Fernando 73 06/16/2010
New Zealand Pike River 29 11/19/2010
Pakistan Dukki 52 03/20/2011
Ukraine Sukhodilska-Skhidna 26 07/29/2011
China Babao 53 03/29/2013
Ukraine Soma Komur 301 07/29/2011
Ukraine Zasyadko 33 03/04/2015
Russia Severnaya 36 02/25/2016
China Jinshangou 33 10/31/2016
China Baoma 32 12/03/2016
Russia Kemerovo 52 11/25/2021

https://doi.org/10.1371/journal.pone.0268453.t001

investigated. Shock waves comprise most of the energy, and compressing shock waves can
cause an explosion of premixed gas. Many studies have been conducted on the impact of
shock waves. Most gas explosions occur in the form of deflagration, and the flame generated
by the detonating source forms a shock wave during the first propagation in the roadway.
Shock waves are often accompanied by high temperature, explosive pressure, and speed, caus-
ing many casualties and severe destruction of the underground facilities.

Coal mine explosions occur mainly at local gas accumulation locations. There is also the
possibility of gas accumulation during shockwave propagation. The locally accumulated gas is
ignited and explodes under the explosion shock wave and the high-temperature effect. The
local flow field is then affected by the local gas explosion, which intensifies the intensity of the
gas explosion shock wave and has the potential to expand the number of casualties and the
degree of property loss. In 2019, a gas explosion occurred in the Tunlan Coal Mine of Xishan
Coal and Electricity Group in Shanxi Province, China [14]. The initial explosion occurred in
the 12403 track roadway and tail roadway (see Fig 1). The gas explosion energy damaged the
drainage tube in a dedicated return-air roadway. Consequently, the high concentration and
high equivalent gas in the tube added to the explosion, resulting in 87 deaths. This horrible
accident was mainly caused by an explosion of gas inside the tube. Therefore, it is urgent to
study explosion shock wave propagation under the condition of a local discontinuous gas sup-
ply along the route of gas explosion shock wave propagation. With a complete understanding
of the characteristics and laws of gas explosions, improvements can be made in explosion
disaster prevention and control.

In disasters involving multiple explosions, the shock wave is immediately formed after the
initial explosion, which contains most of the energy released by the gas explosion. It can also
cause the gas/air premixed gas to explode because of the compression of the shock wave [15].
Kiverin et al. demonstrated that one of the leading factors in the formation of multiple explo-
sions is the state of non-steady flow dynamics behind the shock wave. After the initial ignition
takes place, the formed reaction wave can ignite gas accumulated elsewhere. Shock-induced
compression of a test mixture was shown to yield conditions for self-sustained acceleration
and, ultimately, detonation [16]. Edyta and colleagues confirmed that the shock wave and
boundary layer interactions are the keys to auto-ignition in the boundary layer in a smooth
tube. In this situation, a new flame is generated, and the deflagration to detonation process
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Fig 1. Schematic diagram of gas explosion location in Tunlan Coal Mine.

https://doi.org/10.1371/journal.pone.0268453.9001

(DDT) is induced [17]. Smirnov studied the detonation process caused by reflected waves
inside a container through numerical simulations and experiments. The results showed that a
detonation wave was formed in reflection and focusing and intermediate transient regimes
[18-20]. Some researchers have analyzed the changes in state parameters of methane under
shock wave compression and suggested that the higher the Mach number, the more pro-
nounced the thermal decomposition of methane. And the overpressure of the deflagration
wave increases with the increase of the shock wave Mach number in the release tube [21-23].
Zhang et al. [24] investigated the process of a complex two-dimensional flow field generated
by the interaction when a plane shock wave entered an asymmetrical cavity with curved end
walls and ignited the flame. Their experiment demonstrated that there are two types of igni-
tion-weak and strong-in the container with the change in shock wave velocity.

In addition, there has been some research on the explosion of premixed gas induced by a
high-temperature flame, where the interaction between the thermal ignition mechanism and
the chain ignition mechanism can cause the explosion [25, 26]. High-temperature flames must
meet two conditions simultaneously to induce a gas explosion [27]. One is that the flame tem-
perature exceeds the minimum temperature of the explosive gas, and the other is that the
flame duration exceeds the induction period of the gas explosion [28]. There are many experi-
mental studies on gas explosions at different ignition sources. For example, it was reported in
one study that the ignition source position had a significant influence on gas explosion [29].
Mohammed [30, 31] revealed the effect of different ignition energies on the gas explosion char-
acteristics. Enis [32] determined the influence of strong ignition sources on explosion and
decomposition. The results of these other studies point to the same conclusion: the higher the
ignition energy intensity, the larger the heating area, and the longer the action time [33]. The
wider the explosion limit range, the more mature the mechanism of flame-induced gas explo-
sion [34]. Researchers [35, 36] have focused on the ignition method, ignition energy point
explosion gas theory, and experimental research and have provided some theoretical and tech-
nical support for gas explosion shock waves and flame front coupling point explosions of local
gas in the excavation roadway.

Taken together, the research to date leaves no doubt that a shock wave coupled with high
temperature induces the explosion of the premixed gas. Considering all of these factors, let us
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explore the characteristics of gas explosions with a discontinuous gas supply (DGS). DGS-
explosions refer to phenomena of multiple explosions in which a gas explosion source causes
another explosion. The energy generated by the primary explosion affects the local flow field
and enhances the intensity of the gas explosion shock wave. The scope of the DGS-explosion
accident is thus further expanded, potentially causing many casualties and property losses.
Notwithstanding the severity of these accidents, the relevant experimental data is scarce and
relatively scattered. The mechanism behind DGS-explosions and the pertinent evaluation con-
ditions have not received much attention. There is a lack of systematic research on the devel-
opment law of DGS-explosions. Therefore, it is necessary to study the explosion caused by
local gas ignited under the condition of DGS after the explosion has occurred in the heading
face. The present study focused on the excavation roadway, and a numerical model was estab-
lished. This numerical model determined the dynamic mechanical characteristics and chang-
ing laws of the shock wave and flame wave after a local explosion under DGS conditions. The
results provide a theoretical basis for safety design in actual production.

2. Numerical parameters setting and experimental verification
2.1 Mathematical model and parameters

The gas explosion process is considered a fat-burning process in the tunnel, which follows the
conservation laws of mass, energy, and chemical components. The gas explosion process uses
a one-step reaction. The large eddy model (LES) was used to simulate the characteristics of tur-
bulence [37, 38]. The laminar finite rate/eddy dissipation model in a turbulent premixed flame
was used in the combustion process [39].

1. Mass conservation equation
Because the mass change is neglected in the chemical reaction, the entire reaction system
follows mass conservation, which can be written as

@ 8(p Vj)
ot 8xj

=0 (1)

2. Momentum conservation equation
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where t is time (s), p is density (kg-m'3), v, vj are mixed gas flow velocity (m-s"); Pis pres-
sure (Pa), ¢ is dynamic viscosity (N~s-m2);ZpSFS,- is the body force (g), T'is the temperature
(K), A is the coefficient of viscosity (Pa-s), W is power (J), 7j; is the viscous strain tensor
(N-m™); h,, is the enthalpy of formation (J-mol™); C,s is the specific heat (]~kg'1~K'1), Vis
the volume (m?), 6, is mass percent concentration (%), Hbr is a constant (1.1), and o, is the
Prandtl number.

To calculate turbulence, the K-€ model is used, in which it is assumed that the flow is
completely turbulent, ignoring the influence of molecular viscosity. The two-equation K-
model can be expressed as follows [40]:

M+ O(pku,) _ i[(,u—i—&) ok

ot 0x; Ox; oy B_xk] + G pe )
d(pe)  O(peyn,) 0 u, 0e,  C € £
ot * ox,  Ox, [t 08) 8xj] * k Cocl k ()

where k is turbulent kinetic energy (J),e is the turbulent dissipation rate, 4, is the turbulent
viscosity (Pa), and G is the generation item: oy = 1.0; 0. = 1.3; C;. = 1.44; C,. = 1.92.

2.2 Initial conditions and boundary conditions

In the present experiment, the initial concentration was 9.5vol.% methane-air premixed gas
when the initial time was to. The initial temperature of the entire flow field was 300 K, and the
initial pressure was 0 Pa. The input parameters of the premixed gas are listed in Table 2. The
non-slip insulation wall of the numerical model was adopted for the walls as boundary condi-
tions. Ignition was realized by giving an initial temperature of 1,500 K.

2.3 Numerical modeling verification by gas explosion tests

2.3.1 Experimental apparatuses and procedure. The gas tube network explosion test
platform of Liaoning Technical University consists of a device body, control system, and data
acquisition system (Fig 2). The device’s body includes a 1-m® volume of the anti-explosion
tank and several anti-explosion tubes. The effective volume of the tank was 1 m?, the design
pressure was 2.2 MPa, and the operating pressure was 2.0 MPa. The primary function of the
control system is to trigger data sampling and safety chain monitoring. The core of the control
system programmable logic controller (PLC) model for the Japanese Panasonic FPX-L14,
which has 14 relay-type contacts data acquisition systems, mainly includes flame temperature
data acquisition (the U.S. Nanmac production C2-7-K thermocouple) and explosion pressure
data acquisition (U.S. Dytran piezoelectric high-sensitivity sensors). The monitoring location
of pressure and temperature, the (M1-M6) point, is shown in Fig 3.

2.3.2 Validation of numerical model with testing data. We present in Figs 4 and 5 the
simulated and experimental values of the explosion pressure at M1 and M3. These values gen-
erally agree with the trend, with a good agreement in the initial rise phase of the explosion
pressure and a certain error in the decay phase. The minimum error between the experimental

Table 2. Initial parameter setting during numerical simulation.

Parameters WCH4 wo2 Wcoz WH20 P/MPa T/K
Ignition area 0 0 0.145 0.118 1.01 1,500
Other areas 0.053 0.221 0.21 0 0 300

https://doi.org/10.1371/journal.pone.0268453.t1002
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Fig 2. The testing platform of the tube gas explosion: Experimental setup.

https://doi.org/10.1371/journal.pone.0268453.9002

pressure peak at the monitoring point and the simulated pressure peak at monitoring point
M3 was 2.5%. In addition, gas concentrations of 8.5% and 8% of the gas explosion flame speed
experimental values and simulated values were compared. As shown in Figs 6 and 7, the flame
propagates slowly in the reactor after ignition. The explosion flame then travels to the slender
tube, where the flame propagation speed increases, but the flame propagation speed slows
down in tube 4. Although there is a certain error between the flame propagation speed derived
from the numerical simulation and the experimental physical value, the direction of the trend
of these two variables was similar. A comprehensive analysis of the physical experiment and
numerical simulation process showed the main reasons for the deviation. First, owing to the
deviation of the readings and instruments, there was a certain error between the actual concen-
tration in the model and the desired value during the experiment. In addition, although it was
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Fig 3. The testing platform of the tube gas explosion: Schematic diagram of experimental equipment.

https://doi.org/10.1371/journal.pone.0268453.9g003
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assumed that the gas explosion experiments took place in a confined space, the system valves
and sealing caps may not have been tight enough, resulting in errors in the results. Second, the
system wall was smooth and adiabatic in the numerical model. However, the actual tube wall is
not smooth, and there was some heat dissipation, which might have led to deviations in the
experimental results. Although there is some deviation between the numerical simulation and
the physical experiments, the trend of the flame propagation speed was consistent. It can be
considered that the numerical model selected in this study can effectively reflect the gas explo-
sion propagation law.

2.3.3 Grid independence. In large eddy simulations, the physical diffusion induced by the
sub-grid model decreases as the length of the grid divided against the model is reduced. There-
fore, the large eddy simulation requires a fine meshing of the model and the selection of a suffi-
ciently smalltime step. The numerical spread of the large eddy simulation (LES) is much
smaller than that of Reynolds Average Navier-Stokes (RANS). The actual model was simplified
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to obtain the simplified model shown below: The structured meshing was carried out for the
above model, and the mesh sizes chosen were 0.005, 0.002, and 0.001 m. The variation in the
gas explosion pressure in the model under different mesh sizes is shown in Fig 8. It can be seen
from the figure that the trend in the explosion pressure curve is generally consistent between
the 0.001 and 0.002 m grid sizes; the difference between the two is small. To reduce the calcula-
tion running time and improve the efficiency of the numerical calculation, a grid size of 0.002
m was chosen in this study, and the total number of grids divided by the model was 700,000.

3. Numerical simulation of the DGS-explosion
3.1 Physical modeling

As shown in Fig 9, the gas will gush out from the working face during the tunneling. After a
gas explosion occurs at the working face, the replenished energy causes the local accumulation
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of gas to explode. Therefore, the excavation working face is considered as the study back-
ground, with which we can explore the energy characteristics of the explosion through experi-
mental and numerical simulation methods. This study built a 3D rectangular model, a tube 10
m long and 1m in diameter. There are two separated gas zones in the model, one at the left end
of the tube (initial gas) and the other near the center of the tube (local gas) (see Fig 10). The
gas area is a cube with a length of 1m. The gas concentration at the end of the tube is set at
9.5%. The local gas concentration in the center of the tube changes with the working condi-
tions, and the concentration range is 5% - 16%. The initial temperature of the simulation is
300 K, the grid unit is 0.002 m, and the ignition position is located at the center of the gas. A
total of eight monitoring points were set; the monitoring point coordinates were (0.5, Y, 0.5),
and the y values were 0.5, 1, 2, 5.5, 6,7, 8, 9.

3.2 Meshing and simulation initial conditions

The size of the structural grid was 0.02 m, and the model consisted of 0.7 million grids. The
tube wall was adiabatic and frictionless (the coefficient of thermal conductivity and friction
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Fig 7. Experimental and simulant flame comparison at a concentration of 8.0vol.%.
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coefficient were zero). The initial temperature and pressure were 300 K and 0 Pa, respectively.
The initial speed of the entire area was 0 m-s'. In Table 3, we list the initial components of the
gas distributed throughout the tube. The ignition position was located in the front of the tube.
The gas that ignites first is called the initial explosive gas, and the gas in which the subsequent
(DGS) explosion occurs is called the local gas.

4. Simulation results and analysis
4.1 Local gas distribution

After the initial explosive gas was ignited, shock waves and flames spread along the tube. As
shown in Fig 11, the local gas is reduced in volume and moves to the tube ends at t = 30 ms,
and the local gas continues to move forward at 40 ms. Compared with the previous speed, the
gas at time point t = 50 ms is slower. At 60 ms, the gas content decreased, but the distribution
range was the opposite. This indicates that the local gas is ignited gradually. At 70 ms, the local
gas was consumed, and the shock wave product by the DGS-explosion affected the local gas
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distribution. The range of the local gas distribution expanded, and the distribution shape
transformed from narrow to slender. This shows that the shock wave propagates forward to
the end of the tube and then reflects, causing the local gas to propagate to the beginning of the
tube. Subsequently, the gas was gradually consumed, and the gas in the tube almost burned
out at t = 100 ms.

The distribution of the local gas was affected by the shock wave. The shock wave propagated
to the end of the tube, where the local gas was ignited. The gas in front of the shock wave was
compressed during propagation, generating a certain driving force. Thus, the local gas was
compressed and driven forward by the original shock wave, resulting in the "gas drive" phe-
nomenon. However, the generated shock wave propagated from the middle to both tube sides
when the local gas was ignited. The shock wave propagating to the end of the tube overlapped
with the original shock wave, which amplified the shock wave. The shock wave was then
reflected off the wall at the end of the tube, which resulted in further amplification of the shock
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Fig 9. Engineering background.
https://doi.org/10.1371/journal.pone.0268453.9009

Fig 10. Explosion model in the tube.
https://doi.org/10.1371/journal.pone.0268453.g010

Table 3. The initial component of the gas.

Component CH,4 0, N, CO, H,0
Mass fraction 9.5% 21% 73.7% 0 0

https://doi.org/10.1371/journal.pone.0268453.t003

Fig 11. The contour of methane species at different time points.

https://doi.org/10.1371/journal.pone.0268453.9011
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wave. The local gas collided with the reflected shock wave, after which the local gas migrated
in the reverse direction. This changed the gas distribution and increased the risk of DGS-
explosion.

4.2 Shock wave propagation laws

As described above, after the initial explosive gas is ignited, the shock wave travels along the
tube. It can be seen from Figs 12 and 13 that the trend in pressure at both ends of the tube var-
ies. The pressure at the monitoring point close to the ignition source began to change first. As
the flame spreads forward, a DGS-explosion occurs when the local gas is ignited. The pressure
variation of M5-M8 near the local gas, was different from that of the monitoring point at the
front end of the tube. The pressure curve increased significantly, indicating that the pressure
increased rapidly. In addition, the pressure curve at M1-M4 was weak, and the pressure
increased in a relatively slow and oscillating fashion. However, the monitoring points near the
local gas showed a sharp rise and fall in pressure, and the shock frequency decreased.

In addition, the maximum value of the explosion pressure in the tube is at M8. The reasons
for this are as follows. First, the shock wave generated pressure at the tube ends in the initial
stage. The original shock wave (in the first explosion) collides with the reflected shock wave in
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the tube, which reduces the pressure intensity because the waves are reversed. The flame is
then stretched by the shock wave and the expended combustion area as the gas is consumed.
The pressure at the monitoring point at the tube ends increases again. Finally, sufficient energy
is supplied, and the peak pressure decreases. Meanwhile, as shown in Figs 12 and 13, the pres-
sure at the monitoring point at the end of the tube is high, including the maximum pressure at
MS8. These results demonstrate that the shock wave has a more significant effect on the end of
the tube in the DGS-explosion.

Under the same conditions, the laws of the DGS-explosion with different gas concentra-
tions were studied by changing the concentrations of local gas accumulation in the tube. The
sequence chart and pressure peak at different monitoring points under different local gas con-
centrations in the tube are shown in Figs 14-19. The pressure curves at the early stage of each
monitoring point in the tube coincide because the gas setting on the side at the beginning of
the tube was invariable. Therefore, different pressure curves at the monitoring point were
selected for the comparative analysis.

The changes in the pressure curves at the monitoring points are consistent. The changes in
the pressure curve at different concentrations fluctuated constantly. The pressure shows a
trend of decline-increase in the same period at each monitoring point. This is because the
energy was consumed by friction loss and heat conduction as the DGS-explosion expanded
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outward, which led to a pressure decline. Due to the shock wave produced after the DGS-
explosion, the pressure continues to increase according to the superposition principle of the
shock wave. This caused an increase in pressure after the initial decline.

Moreover, the process was repeated three times as the reaction progressed, and the pressure
peak decreased gradually during the rising stage. This shows that the shock wave frequency
from the DGS-explosion was slower. In addition, the intensity of the pressure wave generated
by the DGS-explosion gradually decreased, and the intensity of the first shock wave was the
largest after the DGS-explosion. Meanwhile, the oscillation’s pressure peak and pressure curve
amplitude are positively correlated with the concentration. It can be seen in the figure that after
a DGS-explosion, the pressure difference is reduced by increasing the peak pressure as the con-
centration increases. The results show that the pressure value of the entire explosion system can
be increased by changing the local gas concentration after the DGS-explosion. This indicates
that the gas concentration in the DGS-explosion increases the risk of the gas explosion.

The pressure peak was reached when the DGS-explosion of gas was formed at M6, whereas
the peak pressure was at M7 and M8 when the reverse shock wave. It can be seen that the rise
time of the pressure at the monitoring point increases as the local gas concentration increases.
The results show that the DGS-explosion will make the entire system reach a more dangerous
state quickly. Moreover, the local gas concentration at the maximum pressure was 11%, 12%,
and 10% at M6-MS8, instead of the equivalent concentration. These results demonstrate that
the DGS-explosion changes the concentration effect in the gas explosion, which underscores
the need for improved safety measures to prevent situations that could lead to DGS-
explosions.

4.3 Temperature change laws

The flame front is produced in an intense chemical reaction following a shockwave. As shown
in Figs 20 and 21, the flame front rapidly spread to the entire gas area as the gas was ignited
around the ignition source, resulting in a rapid increase in temperature at M1. It is known that
the propagation speed of the explosion pressure wave is faster than that of the flame surface,
and the pressure wave pushes the high-temperature product and flame towards the end of the
tube so that the high-temperature area spreads into the tube ends. Subsequently, the tempera-
ture rises. It can be seen from the figure that the temperature at M3-M6 is relatively high, indi-
cating that the temperature in the middle of the tube has increased after the DGS-explosion.
The local gas was ignited, forming a new flame front after the DGS-explosion. The newly
formed flame propagated to both ends of the tube. When the flame front propagated towards
the ignition source, the explosion pressure formed by the DGS-explosion overcame the origi-
nal pressure. This increases the temperature at M3. Subsequently, the explosion pressure after
the DGS-explosion was superimposed with the initial shock wave. The high-temperature area
of the DGS-explosion began to spread towards the end of the tube, so the temperature at
M4-M6 increased in the later period. The main reason for this is that the new flame front
formed by the DGS-explosion affects the temperature. The DGS-explosion affects the propaga-
tion of the flame and directly affects the temperature distribution in the entire device.

To explore the temperature variation law of the tube with the local gas concentration, an
isosurface (a plane of equal temperature) with a temperature of 1,000 K was selected for analy-
sis. We illustrate in Figs 22-25 the isosurface of the gas explosion temperature with different
local gas concentrations at different times.

At 70 ms, the gas in the center of the tube ignited and formed a flame front. The flame area
was small, and the flame was concentrated when the local gas concentration was 5%. With the
increase in gas concentration, the flame at the center of the ignition source was stretched, and
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the deformation became more complex. Moreover, the flame gradually developed, and the
high-temperature area increased. After 10 ms, the flame continued to develop, and the burning
area was further expanded, leading to an increase in the flame surface and folding. In addition,
16% of the gas flame region was significantly larger than 5%, and the flames at both ends were
asymmetric. At 90 ms, the shock wave touched the tube end wall and propagated back. The
shock wave disturbed the flame front and caused the smooth flame surface to sag inward,
resulting in a wedge-shaped structure. The flame isosurface was disordered, aggravated with
the increase in gas concentration, and the flame presented higher asymmetry. At 100 ms, the
flame spread to both sides of the tube, further increasing the irregularity and flame distortion.
The flame almost filled the tube at a concentration of 16%. The peak temperatures of M5-M8
under different local gas concentrations are shown in Figs 26-29.

The rear monitoring points did not reach the maximum temperature under the equivalent
concentration. Instead, the trend was that the peak temperature gradually increased with the
increase in concentration after the DGS-explosion. As can be seen from the figures above,
when the local gas concentration was 5%, the peak temperature at M5 was 438 K. When the
local gas concentration was 14%, the peak temperature at M5 was 2,489 K. Similar trends were
observed at the M6-M8 monitoring points. It can be seen that the peak temperature of the
same monitoring point generally increases with an increase in the local gas concentration.
Combined with the isosurface changes in temperature at different times, it can be seen that the
combustion area of the DGS-explosion increased when the local gas concentration increased,
and the spread of the high-temperature flame front caused the peak temperature at the moni-
toring point to rise. In brief, the tube’s flame region, temperature peak, and flame irregularity
increased as the gas concentration increased. The gas in the middle of the tube was ignited,
forming a flame front. The flame spreads towards both sides of the tube, causing an abnormal
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temperature change and increasing the risk of gas explosion under the action of the explosion
impact and chemical reaction formed by the flame.

5. Conclusions

In this study, the behavior of a local gas DGS-explosion was examined in detail, including mea-
sures of the variation in gas distribution, pressure, and temperature after the local gas DGS-
explosion. The main conclusions are as follows:

1. The abnormal change in the local gas distribution was affected by the DGS-explosion. The
shock wave from the DGS-explosion makes the local gas start to move towards both ends of
the tube simultaneously, and the distribution accumulation changes—from the original
narrow-short shape to the long-thin shape. The distribution area of the gas increased gradu-
ally. Finally, reverse migration occurs under the action of strong reflected waves until the
gas is completely consumed.
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2. The pressure peak is positively correlated with the gas concentration. The pressure differ-

ence was reduced by increasing the peak pressure as the concentration increased. The
results show that the average pressure of the entire explosion system can be increased by
changing the local gas concentration after the DGS-explosion. Moreover, it can be seen that
the rise time of the pressure at the monitoring point increases as the local gas concentration
increases. Finally, it is indicated that the DGS-explosion changes the concentration effect in
the gas explosion, which puts forward higher requirements for disaster reduction and sup-
pression after a gas explosion.

. The flame region, temperature peak, and flame irregularity in the tube increased as the gas

concentration increased after the DGS-explosion. With the increase in gas concentration,
the flame at the center of the ignition source was stretched, and the deformation became
more complex. Subsequently, the combustion area of the DGS-explosion increased when
the local gas concentration increased. Universally, local gas accumulates in the heading face
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of underground coal mines. The outcomes of this study provide a theoretical basis for
research on the influence area of the DGS-explosion, as well as for technical regulations for
the prevention and control of local gas at the heading face. We anticipate that this research
will contribute positively to the prevention and control of DGS-explosions.
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