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In ventilation working face, different ventilation way is one of the important factors affecting
the propagation of gas explosion shock wave. In order to study the gas explosion shock
wave propagation laws in coal mining faces with different ventilation methods, using Fluent
simulation software, combined with pipeline gas explosion experiments and the actual
situation of gas accumulation area explosion in the corner of 415 coal face in Chenjiashan
coal mine, Shaanxi Province, and on the basis of building a three-dimensional
mathematical and physical model, the gas explosion simulations under Y-type and
W-type ventilation methods were carried out, respectively. The results are described
as follows: (1) The attenuation trend of overpressure peak value of inlet roadway 1 and
working face with Y-type ventilation conforms to the power function form. Intake airway 2
and return airway have the same peak overpressure attenuation trend, but the peak value
of overpressure in return airway is generally 10.6% higher than that in intake airway 2, and
its attenuation rate is a process from low to high and then to low. (2) The peak attenuation
trend of overpressure in intake airways 1 and 2 with W-type ventilation conforms to the
form of power function, and the peak attenuation trend of overpressure in return airway
conforms to the form of exponential function. The peak value of overpressure decreases
with the increase in the distance from the explosion source, and its attenuation rate
decreases gradually. The research results have important theoretical significance for
improving the prevention of gas explosion in coal mining face with different
ventilation modes.
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INTRODUCTION

Coal mine is an extremely important link in China’s energy structure and has always occupied a very
important position (Ding et al., 2020). When gas explosion accidents occur underground, high
temperature, shock waves, and harmful gases are often generated, resulting in serious casualties,
damage to equipment and ventilation facilities, and roadway collapse. From 2018 to 2020, a total of
517 accidents and 877 deaths occurred in China’s coal mines. Coal mine safety has always been a top
priority in national work safety because of the complex occurrence conditions of coal seams, the high
proportion of mining, and the imbalance betweenmining technology andmanagement development
(Zhu, 2021). At present, gas explosion accidents in coal mines in China are one of the most serious
disasters (Xue, 2019). Therefore, it is very important to study the propagation law of gas explosion
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shock wave. At present, many domestic and foreign scholars have
done a lot of research on the propagation law of gas explosion
shock wave. For example, Wang and Du (2021) conducted gas
explosion tests under different bifurcation angles and initial
overpressure conditions, respectively, and systematically
studied the propagation rules of shock waves generated by gas
explosion in different ventilation pipe networks. Wang et al.
(2015) and Wang et al. (2017) studied the distribution and
propagation of gas explosion shock waves in the pipeline
model. Qiu (2018) used a combination of theoretical analyses,
experiments, and numerical simulations to study the propagation
characteristics and attenuation laws of gas explosion shock waves
in straight, bend, bifurcated, and abrupt cross-section pipelines;
a-type networks; and parallel networks, and on this basis, the
process of gas explosion disaster simulation system is developed,
and a coal mine in our country was studied because of gas
explosion accident cases to verify the application effect of the
simulation system. Li et al. (2011) simulated the ignition and
propagation characteristics of gas explosion by introducing basic
chemical reactions. Zhu et al. (2012) studied the oscillation
characteristics and variation rules of characteristic parameters
of gas explosion in a pipeline, and gas explosion in a closed system
showed obvious oscillation characteristics. Zhu and Ye (2019)
used the fluid–solid coupling algorithm of ANSYS/LS-DYNA
program and established a roadway gas explosion physical model,
numerically simulated the gas explosion process in the roadway
space, and studied the gas explosion shock wave in the roadway
space propagation characteristics.

Kravtsov et al. (2015) studied the propagation law and
dynamic response characteristics of methane gas explosion
inside the pipeline and concluded that because of the
variability of the medium, changes in the explosion process
depend on turbulence factors. Ibrahim and Masri (2001)
discussed the influence of different types of obstacles on shock
wave propagation and proved that obstacles can aggravate the
propagation of shock wave. Masri et al. (2000) qualitatively
analyzed the attenuation law of shock waves in straight
roadway and summarized the propagation characteristics of
shock waves in straight roadway. Shao et al. (2015) found
through experiments that under any vacuum condition, the
vacuum chamber can effectively suppress explosive flame and
overpressure. Zhao and Qi (2018) using L-shaped, T-shaped, and
cross-shaped test pipelines to simulate underground roadway
structures and a gas combustion explosion test system to conduct
gas explosion simulation tests to monitor pressure values at
different locations in the pipeline, explored the propagation
law of gas explosion shock wave in different types of pipelines,
and obtained the pressure variation law of gas explosion shock
wave in different types of pipelines before and after turning and
bifurcation structure. Jia and Xu (2015) analyzed the influence of
overpressure and bifurcation angle before bifurcation of a one-
way bifurcation pipeline on propagation of gas explosion shock
wave in the pipeline. Wu et al. (2005) started from the three-
dimensional N-S equation and used the TVD format to
numerically simulate the process of pressure waves generated
by the flame in the process of gas explosion. Ye et al. (2009)
conducted theoretical and experimental studies on the

propagation law of flame and shock wave in curves. Gieras
et al. (2006) found in their study that initial temperature has
an important influence on the basic parameters of explosion. Yan
et al. (2011) carried out numerical simulation on the variation
rule of precursor wave front and flame wave front by using Fluent
software for fluid dynamics analysis and conducted numerical
simulation analysis on the overpressure transfer rule in different
types of roadway gas explosion.

At present, domestic and foreign scholars have studied the
propagation law of gas explosion shock wave in coal mining face
mainly for the U-type ventilation mode, but there are few studies
on the propagation law of gas explosion shock wave in Y and W
ventilation modes, and there are still gaps. Therefore, in this
article, combined with the case of the 11.28 gas explosion accident
in Chenjiashan Coal Mine in Shaanxi Province, fluid dynamics
simulation software Fluent was used to build a three-dimensional
mathematical physical model, set reasonable boundaries and
initial conditions, study the propagation law of the gas
explosion shock wave in coal mining face with Y-type and
W-type ventilation mode, and further study and master the
difference of propagation law of gas explosion shock wave in
coal mining face under different ventilation modes. The research
results have important guiding significance for improving the
level of mine safety production and reducing the damage caused
by gas explosion.

DETERMINE THE MATHEMATICAL AND
PHYSICAL MODEL

A reasonable mathematical and physical model is very
important for the reliability of experimental results, and
reasonable boundary conditions and initial conditions and
other key parameters should be determined before numerical
simulation. Combined with the actual situation of gas
accumulation area explosion in a corner of 415 coal face in
Chenjiashan coal mine, Shaanxi Province, the effective length of
intake and return airway was determined, and the numerical
simulation software Fluent was used to carry out the numerical
simulation study of gas accumulation area explosion in Y- and
W-type ventilation roadway with different cross-section shapes.

FIGURE 1 | Three-dimensional physical model of Y-type ventilation.
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The specific mathematical and physical models are determined
as follows:

Establish the Physical Model
The Basic Assumptions
Gas explosion is a very complex fluid elastic–plastic process,
accompanied by chemical reaction, turbulence changes, and
other phenomena, so it is difficult to study the propagation
law of mine gas explosion considering all the conditions. In
order to ensure the reliability of gas explosion numerical
simulation as far as possible, some basic assumptions must be
made (Liu et al., 2020): (1) Both premixed gas and combustion
products satisfy the ideal gas state equation; (2) the specific heat
capacity of the mixed gas follows the mixing rule, and the specific
heat capacity of each component is a function of temperature; (3)
the wall of the physical model is a rigid adiabatic wall, which does
not produce relative displacement; (4) the gas explosion reaction
is one-way and irreversible; and (5) in the physical model, the gas-
filling area is a normal uniformmixture of gas and air, and it is an
ideal state.

The model parameters and boundary conditions of gas
explosion numerical simulation are as follows: The boundary
conditions: the pipe boundary is set as the adiabatic wall with the
temperature of 300 K, and the outlet above the vertical pipe is set
as the pressure outlet.

Basic model parameter: the initial conditions of the burned
zone are as follows: T = 1,600 K, H2O volume fraction is 0.118,
CO2 volume fraction is 0.145, and initial pressure is 101,325 Pa.
The initial conditions of unburned zone are as follows: T = 300 K,
CH4 volume fraction is 0.053, O2 volume fraction is 0.21, H2O
and CO2 volume fraction is 0. The initial conditions of the air
zone are as follows: the volume fraction of CH4, H2O and CO2 is
0, and the volume fraction of O2 is 0.233.

Y-Type Ventilation
The Y-type ventilation method means that there is an intake
airway at the upper and lower ends of the coal mining face and a

return air roadway on each side of the gob. Research of Y-type
ventilation type gas explosion shock wave propagation law,
three into or return air roadway length of 40 m, tilted face
length of 175 m, models the overall grid size of 0.5 m; according
to the analysis and identification report of Chenjiashan Coal
Mine gas explosion accident, the volume fractions of CH4 and
O2 in the gas accumulation area are 0.095 and 0.212,
respectively. The burned area is a spherical area with a
radius of 0.5 m in the center of the gas accumulation area, in
which the volume fraction of CO2 is 0.1456, and the volume
fraction of H2O is 0.11925. The grid of gas-filling area and
ignition area was refined by local grid encryption technology.
The gas-filling area was infilled once. The ignition area was
encrypted twice. The three-dimensional physical model of
Y-type ventilation is shown in Figure 1. Intake airway 1,
intake airway 2, and return airway. The gas accumulation
area of Y-type ventilation is located at the corner of working
face and return airway; after one encryption, the grid number of
the gas accumulation area is 6,768, and the grid number of the
ignition area is 226.

W-Type Ventilation
In the W-type ventilation mode, there are three roadways, and
two mining faces share one return airway, which is the same as
the Y-type ventilation mode. The length of the roadway is 40 m,
the inclined length of the working face is 175 m, and the overall
mesh size of the model is 0.5 m. The three-dimensional physical
model ofW-type ventilation is shown in Figure 2. Intake airway 1
and intake airway 2 enter air simultaneously and return airway
returns air. The W-type ventilation mode is different from the
Y-type ventilation mode, according to the analysis and
identification report of Chen Jiashan Coal Mine gas explosion
accident, and the volume fractions of CH4 and O2 in the gas
accumulation area are 0.095 and 0.212, respectively. The burned
area is a spherical area with a radius of 0.5 m in the center of the
gas accumulation area, in which the volume fraction of CO2 is
0.1456, the volume fraction of H2O is 0.11925, and the gas
accumulation area is located in the middle of the working
face. After one encryption, the grid number of the gas
accumulation area is 8,978, and the grid number of the
ignition area is 244.

Boundary Conditions
Air inlet and return air outlet are set as pressure outlet, and others
are standard wall; According to the analysis and identification
report of Chenjiashan coal mine gas explosion accident, the
volume fractions of CH4 and O2 in the gas accumulation area

FIGURE 2 | Three-dimensional physical model of W-type ventilation.

FIGURE 3 | Section diagram of physical model.
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are 0.095 and 0.212, respectively. The burned area is a spherical
area with a radius of 0.5 m in the center of the gas accumulation
area, in which the volume fraction of CO2 is 0.1456, the volume
fraction of H2O is 0.11925, the standard atmospheric pressure is
101,325 Pa, and the temperature is 1,600 K. The SIMPLE
algorithm was used for iterative solution, and the iteration
step was 0.0005 s. SIMPLE algorithm is a widely used
numerical method to solve flow field in computational fluid
mechanics. It can not only solve nonlinear problems but also
complete the coupling of velocity and pressure. Therefore,
SIMPLE algorithm is used for iterative solution.

Establish the Mathematical Model
The basic equation of aerodynamics is also studied based on the
law of conservation of mass, energy, and so on. Therefore, the
basic governing equation used in numerical simulation of gas
explosion in this article is as follows (Wu et al., 2017):

Continuity equation:
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(3)

Equation of state:

p � p(ρ,T) � ρRT (4)
where p is pressure; T is time; x, y, and z are rectangular
coordinate system parameters; u, v, and w are the velocities in
three coordinate directions, respectively; ρ is fluid density; T is
temperature; R is the gas constant; e is the specific energy; and

e � p/(γ − 1) + ρ(u2 + v2 + w2)/2 (γ is the gas index and a
constant).

Reliability Verification of Turbulence and
Combustion Model
Gas explosion will lead to turbulent combustion, and the flow is
unsteady turbulent flow. According to Wen et al. (2013), Li
et al. (2015), and Wen et al. (2016), large eddy simulation can
better simulate the required results. Therefore, the LES
turbulence model is adopted in this article to describe the
characteristics of turbulent flow field in the combustion
process, and the standard wall surface function is adopted
for wall surface. The eddy current dissipation model, whose
reaction rate is controlled by turbulent mixing, is used for
nonpremixed flames. In combination with literature (Hassan
et al., 2010; Halouane and Dehbi, 2017; Hoste et al., 2019; Chen
et al., 2020; Tian, 2020), the ED eddy dissipation model, which
is applied to the LES turbulence model is adopted for
combustion model, and the simple algorithm is used for
iterative solution with an iterative time step of 0.0005 s. The
reliability of the turbulence and combustion model is
verified below.

Establish the Physical Model
According to the previous pipeline gas explosion experiment
(Jing, 2017), the geometry and mesh modules in Ansys
workbench are used to construct the full-size three-
dimensional physical model and divide the grid. The cross-
section of the physical model is shown in Figure 3.

The width and height of the pipe in the physical model are
80 mm, the length is 19.2 m, and the length of the vertical pipe is
5 m. Experimental monitoring point 1 is 19 m away from the
leftmost end and located on the middle line of the horizontal
pipeline; experimental monitoring point 2 is located on the
middle line of the vertical pipeline and 0.5 m away from the
middle line of the horizontal pipeline.

Initial and Boundary Conditions of Gas Explosion
The initial conditions and boundary conditions of gas explosion
numerical simulation are consistent with those of previous
pipeline gas explosion experiments, as follows:

TABLE 1 | Comparison between simulation and experiment at different gas filling lengths.

Filling
length/
m

Point1
(simulation)

MPa

Point
1 (experiment)

MPa

The
average
MPa

Measurement
point
1 error
(%)

Point
2 (simulation)

MPa

Point
2 (experiment)

MPa

Mean
MPa

Error
of

point
2 (%)

4 0.3619 0.3032 0.349 3.7 0.2733 0.2415 0.265 3.1
0.3481 0.2761
0.3943 0.2765

5.5 0.5073 0.4118 0.462 9.8 0.3325 0.2867 0.296 3.7
0.4385 0.2956
0.5343 0.3048

7 0.7073 0.5736 0.635 11.3 0.3835 0.3460 0.364 5.1
0.6344 0.3722
0.6978 0.3737
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1) The initial conditions of the burned zone are as follows:
T = 1,600 K, H2O volume fraction is 0.118, CO2 volume
fraction is 0.145, and initial pressure is 101,325 Pa. The
initial conditions of unburned zone are as follows:
T = 300 K, CH4 volume fraction is 0.053, O2 volume
fraction is 0.21, and both H2O and CO2 volume fractions
are 0. The initial conditions of the air zone are as follows: the
volume fractions of CH4, H2O, and CO2 are all 0, and the
volume fraction of O2 is 0.233.

2) Boundary conditions: the pipe boundary is set as an adiabatic
wall, the temperature is 300 K, and the outlet above the
vertical pipe is set as a pressure outlet.

3) Calculation model: fluid flow is unsteady turbulent flow, LES
turbulence equation is used for turbulence model, standard
wall function is used for wall surface, the ED vortex
dissipation model suitable for turbulent combustion is used
for chemical reaction of methane combustion, and the
SIMPLE algorithm is used for iterative solution.

Comparison of Simulation Results
According to experimental conditions, 4-, 5.5-, and 7-m gases were
filled in the simulation of pipeline gas explosion. The simulation
and experimental comparisons of measuring points 1 and 2 under
different gas filling lengths are shown in Table 1 and Figure 4.

FIGURE 4 |Comparison between simulation and experiment at different gas filling lengths. (A)Comparison between simulation and experiment at measuring point
1. (B) Comparison between simulation and experiment at measuring point 2.
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By analyzing Table 1 and Figure 4, it can be seen that when the
gas filling lengths are 4, 5.5, and 7 m, respectively; the numerical
simulation results are larger than the experimental results by

comparing the overpressure peaks at each measuring point,
with the maximum error of 11.3% and the minimum error of
3.1%, both less than 15%. Considering the idealization of numerical

FIGURE 5 | Cloud diagram of gas explosion shock wave overpressure distribution at different times in Y-type ventilation mode. (A) t = 0.006 s. (B) t = 0.012 s. (C)
t = 0.06 s. (D) t = 0.17 s. (E) t = 0.37 s. (F) t = 0.46 s.
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simulation and the allowable error range of engineering, the
reliability of LES turbulence model and ED vortex dissipation
calculation model suitable for turbulent combustion in gas
explosion numerical simulation is verified. Taking into account
the idealization of numerical simulation and the allowable error
range of engineering, the reliability of choosing the LES turbulence
model and the ED vortex dissipation calculation model that is
suitable for turbulent combustion in the numerical simulation of
gas explosion is verified.

ANALYSIS OF SIMULATION RESULTS

Y-Type Ventilation
High-temperature ignition point was used to detonate the gas in
the gas accumulation area of Y-ventilation mode. The cloud
diagram of overpressure distribution of gas explosion shock
wave at different times is shown in Figure 5.

After the gas in the gas accumulation area is detonated, the
overpressure change of each measuring point is the process of
oscillation from small to large to small, so there is a peak

FIGURE 6 | Variation of overpressure peak value with distance in intake
airway 1.

FIGURE 7 | Variation rule of overpressure peak value with distance in
working face.

FIGURE 8 | Variation of peak overpressure with distance in intake airway
2 and return airway.

TABLE 2 | Statistical table of attenuation rate of peak overpressure per 10 m in
intake airway 1, intake airway 2, and return airway.

Name of
roadway

0 m 10 m 20 m 30 m 40 m

Intake airway 1 0.197 0.189 0.128 0.043 0.042
Intake airway 2 0.028 0.204 0.186 0.169 0.149
Return airway 0.049 0.200 0.180 0.156 0.142

FIGURE 9 | Variation rule of attenuation rate of peak overpressure per
10-m intake airway 1, intake airway 2, and return airway.
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overpressure in each position. With the propagation of explosive
shock wave, the variation of overpressure peak value in intake
airway 1 with distance is shown in Figure 6. The peak value of
overpressure in working face varies with distance as shown in
Figure 7. The variation of overpressure peak value in intake airway
2 and return airway with distance is shown in Figure 8.

Analysis (Figure 5) shows that when the gas is detonated, the
impact overpressure of the gas explosion near the explosion
source is the largest. As the shock wave propagates along
intake airway 1 and the working face, the shock wave
overpressure gradually decreases. It can be clearly seen from
the cloud image of shock wave propagation that obvious
reflection superposition of shock wave occurs at the junction
between intake airway 1 and working face, resulting in a
temporary increase in shock wave overpressure near the
reflection superposition area.

The analyses shown in Figures 6 and 8 show that the
attenuation of shock wave overpressure in working face and
intake airway 1 is a process from intense attenuation to steady
attenuation, and its attenuation law is a power function
relationship. Through data fitting, the variation law of
overpressure peak in working face with distance is
y = 0.08 + 0.48*e(−x/27.84), and the correlation is 0.87. The
variation law of overpressure peak value in intake airway 1
with distance is y = 0.07 + 0.06*e(−x/5.85), and the correlation is
0.98. The attenuation trend of shock wave overpressure in intake
airway 2 and return airway is completely different from that in
intake airway 1 and working face, and the peak value of shock

wave overpressure in return airway is obviously larger than that in
intake airway 2. Through calculation, the peak value of
overpressure in all places in return airway is 10.6% higher
than that in intake airway 2 on average. Combined with the
shock wave cloud diagram at t = 0.012 s in Figure 5, part of the
explosion shock wave in the gas accumulation area spreads along
the working face, resulting in the diversion of the shock wave.
Therefore, the peak value of overpressure of the shock wave at
each position in the return airway is significantly larger than that
in intake airway 2.

Statistical table of attenuation rate per 10 m of peak
overpressure in intake airway 1, intake airway 2, and return
airway and variation curve of attenuation rate are shown in
Table 2 and Figure 9, respectively.

The statistical table of attenuation rate of overpressure peak
at every 20 m in the working face and the variation curve of
attenuation rate are shown in Table 3 and Figure 10,
respectively.

As can be seen from Figures 9 and 10, the attenuation rate
curves of peak overpressure in intake airway 2 and return airway
first rise and then decrease and reach the maximum at 15 m; that
is, the peak overpressure attenuates slowly at the beginning, and
the attenuation accelerates after the shock wave propagates for a
certain distance, and then the attenuation rate decreases again.
Because the air intake airway 1 is far from the explosion source,
the overpressure in the roadway is relatively low, similar to the
back end of the working face. The attenuation rate of the peak
overpressure of intake airway 1 gradually decreases, and it starts
to decay steadily when it approaches the fixed value of 0.04 at
40 m of the roadway; The peak value of overpressure in the
working face attenuates rapidly from the beginning, and with the
propagation of shock wave, its attenuation rate gradually
decreases, and the farther away from the explosion source, the
more gentle the curve of overpressure peak attenuation rate
changes, gradually approaching 0.1.

W-Type Ventilation
The gas accumulated in the middle of the working face was
detonated through the high-temperature ignition point, and the
cloud diagram of the overpressure distribution of the gas
explosion shock wave at different times is shown in Figure 11.

Because of the symmetry of W-type ventilation mode, when gas
explosion occurs in the accumulation area in the middle of the
working face, combined with the relevant assumptions of numerical
simulation, the overpressure variation law of intake airways 1 and 2
is the same in theory.With the propagation of explosive shock wave,
the variation of overpressure peak value in intake airways 1 and 2
with distance is shown in Figure 12. The variation rule of the peak
overpressure in the working face with the distance from explosion
source is shown in Figure 13. The peak value of overpressure varies
with distance in the return airway, as shown in Figure 14.

TABLE 3 | Statistical table of attenuation rate of overpressure peak at every 20 m in working face.

0 m 20 m 40 m 60 m 80 m 100 m 120 m 140 m 160 m

Working face 0.530 0.345 0.218 0.186 0.158 0.135 0.126 0.118 0.113

FIGURE 10 | Variation curve of attenuation rate of overpressure peak at
every 20 m in working face.
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FIGURE 11 | Cloud diagram of shock wave overpressure distribution at different time of gas explosion. (A) t = 0.006 s. (B) t = 0.012 s. (C) t = 0.06 s. (D)
t = 0.17 s. (E) t = 0.2 s. (F) t = 0.26 s.
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Analyzing Figures 12 and 14, we can see the following: in
intake airways 1 and 2, the peak value of overpressure of shock
wave has the same variation pattern, and its attenuation is
relatively rapid at the beginning. With the increase in
propagation distance, the attenuation of the peak value of
overpressure gradually slows down. Through data fitting, the
variation law of overpressure peak value in intake airways 1 and
2 with distance is y = 0.07 + 0.23*e(x/−5.6), and the correlation is
0.99. In the working face, after the gas explosion occurs in the
gas accumulation area, the blast wave propagates from the
explosion source to both sides, and the attenuation law of
the overpressure of the shock wave on both sides is the same.
In the return airway, the peak value of shock wave overpressure

is relatively high as it is close to the explosion source, and its
attenuation trend is a process from gentle to severe and then to
gentle. Its attenuation law is y = 0.23 + 0.27/[1+(x/17)3.45], and
the correlation is 0.99. Statistical table of attenuation rates per
10 m of peak overpressure in intake airways 1 and 2 and
variation curves of attenuation rates are shown in Table 4

FIGURE 12 | Variation of the peak value of overpressure with distance in
intake airways 1 and 2.

FIGURE 13 | Variation of overpressure peak in working face with
distance.

FIGURE 14 | Variation of peak overpressure with distance in return
airway.

TABLE 4 | Statistical table of attenuation rate of peak overpressure per 10 m in
intake airways 1 and 2.

Name of
roadway

0 m 10 m 20 m 30 m 40 m

Intake airway 1 0.124 0.163 0.214 0.116 0.102
Intake airway 2 0.132 0.158 0.211 0.112 0.104

FIGURE 15 | Variation rule of attenuation rate of peak overpressure per
10-m intake airways 1 and 2.
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and Figure 15 respectively. The statistical table of attenuation
rate of overpressure peak in working face every 20 m and the
variation law of attenuation rate are shown in Table 5 and
Figure 16, respectively. The statistical table of attenuation rate
per 10 m of peak overpressure in the return airway and the
variation curve of attenuation rate are shown in Table 6 and
Figure 17 respectively.

Analyzing Figures 15 and 17, it can be seen that when the
gas exploded in the working face of W-type ventilation, the
peak overpressure attenuation rate in intake airways 1 and 2
shows a law from low to high to low, reaching the maximum at
20 m and beginning to steadily decay at 40 m with an
attenuation rate of approximately 0.1. The peak attenuation
rate of overpressure in working face gradually decreases to
close to 0.1 with the propagation distance of shock wave. The
return airway with W-type ventilation is close to the explosion
source, and the overpressure in the roadway is large after the
explosion. The attenuation rate of the peak overpressure in the
return airway of the W-type ventilation mode first increases
and then decreases, and the attenuation rate is the largest at

15m, and it decays steadily at a rate of approximately 0.05
from 40 m.

CONCLUSION

1) Under the condition of Y-type ventilation mode: in the
working face and intake airway 1, the shock wave
overpressure is a process of attenuation from violent to
steady attenuation, and their attenuation laws are the same
and present a power function relationship. The change of
pressure peak with distance is y = 0.08 + 0.48*e(−x/27.84). The
change of the peak overpressure with distance in intake airway
1 is y = 0.07 + 0.06*e(−x/5.85). The attenuation trend of shock
wave overpressure in intake airway 2 and return airway is
completely different from that in intake airway 1 and working
face, and the peak value of shock wave overpressure in all parts
of return airway is 10.6% larger than that in intake airway 2 on
average.

2) Under the condition of Y-type ventilation mode: the peak
attenuation rate curve of overpressure in intake airway 2 and
the return airway first rises and then drops, and the maximum
is at 15 m. The overpressure in the air intake airway 1 is
relatively low, similar to the back end of the working face. The
attenuation rate of the peak overpressure of intake airway 1
gradually decreases, and it starts to decay steadily when it
approaches the fixed value of 0.04 at 40 m of the roadway. The
overpressure peak in the working face, with the propagation of

TABLE 5 | Statistical table of attenuation rate of overpressure peak at every 20 m in working face.

80 m 60 m 40 m 20 m 0 m 20 m 40 m 60 m 80 m

Working face 0.112 0.128 0.303 0.370 0.401 0.365 0.298 0.124 0.110

FIGURE 16 | Variation curve of attenuation rate of overpressure peak at
every 20 m in working face.

TABLE 6 | Statistical table of attenuation rate of peak overpressure per 10 m in
return airway.

Name of
roadway

0 m 10 m 20 m 30 m 40 m

Return airway 0.101 0.294 0.254 0.103 0.053

FIGURE 17 | Variation curve of attenuation rate of peak overpressure per
10 m in return airway.

Frontiers in Energy Research | www.frontiersin.org March 2022 | Volume 10 | Article 84650011

Liu et al. Gas Explosion Propagation Different Ventilation

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


shock wave, its attenuation rate gradually decreases, and the
farther away from the explosion source, the more gentle the
overpressure peak attenuation rate curve, gradually
approaching 0.1.

3) Under the condition of W-type ventilation mode: in intake
airways 1 and 2, the peak value of overpressure of shock wave
has the same variation law, and its attenuation is relatively
rapid at the beginning. With the increase in propagation
distance, the peak value of overpressure attenuation
gradually slows down. Through data fitting, the variation
law of overpressure peak value in inlet roadways 1 and 2
with distance is y = 0.07 + 0.23*e(x/−5.6). In the working face,
the shock wave propagates from the detonation source to both
sides, and the attenuation law of overpressure of the shock
wave on both sides is the same. In the return airway, the peak
value of shock wave overpressure is relatively high as it is close
to the explosion source, and its attenuation trend is a process
from gentle to severe and then to gentle, and its attenuation
law is y = 0.23 + 0.27/[1+(x/17)3.45].

4) Under the condition of W-type ventilation mode: the peak
attenuation rate of overpressure in intake airways 1 and 2
shows a law from low to high and then to low, reaching the
maximum at 20 m and beginning to steadily decay at
approximately 0.1 at 40 m. The peak attenuation rate of
overpressure in working face decreases gradually with the
propagation distance of shock wave. In the return airway, the
attenuation rate of peak overpressure increases at first and
then decreases, and the attenuation rate reaches the maximum

at 15 m and starts to decay steadily at approximately 0.05
from 40 m.
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