
Numerical simulation study on the
influence of air leakage on oxygen
concentration in goafs of fully
mechanized caving mining with
shallow buried and large mining
height

Xingpan Zhu1,2* and Hu Wen1

1College of Safety Science and Engineering, Xi’an University of Science and Technology, Xi’an, Shaanxi,
China, 2Shaanxi Coal and Chemical Industry Group Yubei Coal Industry Co., Ltd., Yulin, Shaanxi, China

In order to reveal the influence of air leakage on oxygen concentration in goafs of
fully mechanized caving mining with a shallow buried and high mining height, the
air leakage of No.122108 working face in Caojiatan coal mine in different seasons
was tested by the SF6 tracer gas test method. Based on the result of the air leakage
test, the “three zones” of spontaneous combustion in the goaf were simulated
using Ansys Fluent fluid dynamics software, and the simulated result was
compared with that of the field test. The result shows that the vertical air
leakage of the working face is serious, the wind speed is high, and the air
leakage rate is up to 86.96%. The air leakage rate is higher in winter and lower
in summer. The air leakage intensity decreases from the air inlet side to the air
return side through the middle of the goaf. The range of the oxidation heating
zone of the goaf is 98–245 m on the air inlet side and 33–96m on the air return
side. The numerical simulation result is well consistent with the field test data. The
research conclusion can guide fire prevention and the extinguishing of
No.122108 working face and lay a foundation for the prevention and control of
spontaneous fire in goafs of fully mechanized caving mining with a shallow buried
and high mining height.
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1 Introduction

There are many kinds of complex mine disasters. coal spontaneous combustion is one of
the most serious mine disasters (Querol et al., 2011; Liu et al., 2019; Zheng et al., 2019; Liu
et al., 2020; Onifade and Genc, 2020; Jin et al., 2021; Kuai, 2021), which can easily cause
casualties, environmental pollution, and property loss (Deng et al., 2017; Wu et al., 2018; Li
et al., 2019; Song et al., 2020). According to the data, fire accidents caused by coal
spontaneous combustion account for more than 90% of the total mine fires (Ma et al.,
2022), and coal spontaneous combustion in goafs comprise over 60% of total mine
spontaneous combustion (Su et al., 2016; Wen et al., 2017). In the process of mining,
the roof of the coal bed in goafs will be pressed periodically; therefore, the roof will break and
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sink, and the cracks will be connected with goafs. For shallow buried
coal beds, even the surface will experience local collapse, and rock
cracks will penetrate the surface and goafs and form air leakage
channels, thus creating air leakage and an oxygen supply
environment for goafs (Li W. et al., 2022). When special
geological conditions are encountered in the process of mining,
the speed of mining slows down, and a certain thickness of the loose
coal body is left behind in goafs, which will inevitably cause
spontaneous combustion of coal left in goafs. Therefore, it is of
great significance to study and master the distribution of air leakage
flow fields in goafs of fully mechanized caving mining with a shallow
buried and high mining height in order to realize the control of
spontaneous combustion in goafs.

The SF6 tracer gas measurement method is a reliable technique
for measuring air leakage in mines, which is used to determine air
leakage channels and air leakage in goafs (Wang et al., 2014; Zhu
et al., 2016). Researchers at home and abroad have carried out a lot
of research studies and practices on air leakage using the SF6 tracer
gas measurement method. Tian et al. (2020) measured the air
leakage in goafs of the U-type ventilation working face in the
Wenzhuang Coal Mine using the SF6 tracer gas method. The
results showed that there were many air leakage channels in
goafs of this working face, and the air leakage velocity at the
interface between the hydraulic support and goafs was high.
Zhao et al. (2016) used the SF6 tracer gas instantaneous release
method to analyze the air leakage from surface cracks in the fully
mechanized cave mining with a shallow buried and high mining
height of the Pingshuo mine area, determining parameters of surface
air leakage and proposing comprehensive prevention and control
measures according to the air leakage test result. Wu (2020) used SF6
tracer gas measurement method to measure the air leakage velocity
in the goaf of the Xiegou coal mining face and obtained the main air
leakage interval of the goaf.

Due to the complexity of residual coal and porosity distribution in
goafs, determining air leakage flow fields in goafs and “three zones” of
spontaneous combustion in goafs by means of field measurement and
experimental study is limited. To some extent, numerical simulation can
make up for the deficiency of field measurement and carry out
reasonable and accurate physical simulation of air leakage flow fields
in goafs (Kurnia et al., 2014; Tang et al., 2016; Zhang and Ji, 2016; Liu
et al., 2022). Based on the unsteady state simulation method, Zuo et al.
(2021) divided “three zones” of coal spontaneous combustion in goafs
by analyzing the relationship between working face mining and coal
spontaneous combustion under the condition of low air leakage velocity
in goafs. Li et al. (2019), by establishing a numerical model, determined
the three-dimensional spontaneous combustion risk area in goafs. The
results showed that the “spontaneous combustion zones” in goafs
became wider along the vertical height and the spontaneous
combustion risk area turned larger. Shi et al. (2014) simulated the
variation law of oxygen concentration in goafs during the mining of a
fully mechanized caving mining face by the computational fluid
dynamics (CFD) method. Hu and Liu (2021) took a fully
mechanized caving mining face in the Yindonggou Coal Mine as
the research object and combined numerical simulation with actual
conditions to accurately divide the distribution range of “three zones” of
spontaneous combustion in goafs. The simulation result was in
agreement with the measured one. Based on the method of
numerical simulation and field measurement, Xing (2021) studied

the influence of surface air leakage in shallow thick coal beds on
coal spontaneous combustion in goafs and obtained the distribution
of “three zones” in goafs and the distribution law of the oxygen
concentration field. In addition, a coal mine fire monitoring device
was used for field verification.

At present, most scholars have only studied the law of air leakage
in one time dimension. Due to the change of seasons, many
environmental factors such as climate, temperature difference,
and atmospheric pressure are changed, which causes the coal
seam to trigger the “gasp effect.” Based on the research studies
carried out at home and abroad, this study takes No.122108 working
face of Caojiatan coal mine as the research object and uses the SF6
tracer gas to measure the air leakage of this working face in summer,
autumn, winter, and spring. Based on the measured result of the air
leakage, fluid dynamics software Ansys Fluent is used to simulate the
“three zones” of spontaneous combustion in goafs, and the
simulation result is compared with the field measurement. The
research conclusion can lay a foundation for the prevention and
control of spontaneous fire in goafs of fully mechanized caving
mining with a shallow buried and high mining height. It is hoped
that it can guide the fire prevention and extinguishing work of a
similar working face in Caojiatan coal mine.

The subsequent sections of this paper are organized as follows:
Section 2 introduces the overview of the working face. Air leakage
measurement of the SF6 tracer gas and analysis of results are elaborated
in Section 3. Section 4 is dedicated to the theoretical basis of simulation
in the goaf, parameter setting of the numerical model of the goaf, and
the numerical simulation result and analysis. Field verification is
explained in Section 5. Finally, conclusions are given in Section 6.

2 Overview of the working face

No. 122108 working face is located in the second coal face in the
east of the 12th panel of the 2–2 coal bed in Caojiatan coal mine, and the
mined coal bed belongs to the type I spontaneous combustion coal bed.
The coal dust is explosive with the absolute gas emission of 2.90 m3/min
and relative gas emission of 0.10 m3/t. The working face is adjacent to
the goaf of No.122106 working face in the north, with a strike length of
5,966 m and an inclined length of 280 m. The working face adopts the
longwall backward mining method and integrates the fully mechanized
caving mining technology. The caving method is used to treat the goaf.
The average coal thickness of the working face is 10 m, the designed
mining height is 6 m, the coal caving height is 4 m, and the ratio of
mining to caving is 1:0.67. The coal mining machine cuts coal in two
directions, and the end is cut obliquely with a length not less than
59.7 m and a depth of 865 mm. The roadway layout of the mining
working face is shown in Figure 1.

3 Air leakage measurement of the SF6
tracer gas

3.1 Air leakage measurement principle of the
SF6 tracer gas

SF6 does not exist in natural stones and has good stability and
testability (Zheng et al., 2022). Therefore, this study uses the SF6 tracer
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gas to detect the air leakage. When there is an air leakage channel, SF6
will pass through and can be detected at the air outlet; otherwise, it must
not be detected from the air return side.

This study measures the distribution of surface air leakage channels
by the SF6 tracer gas pulse releasemethod and tests surface air leakage of
No.122108 working face in spring, summer, autumn, and winter in situ.
In order to ensure the accuracy and reliability of the field test, this paper
measures twice a quarter. This studymeasures the SF6 gas released from
the surface, which is tested, and the air return corner of the working face
is measured to analyze the distribution law of air leakage channels on
the surface and the air leakage and transfusion parameters.

The vertical air leakage rate from the surface to the goaf is
calculated quantitatively by the release time of the tracer gas on the
surface, the appearance time of the tracer gas in the mine, and the
relative position between the release point and the working face. The
air leakage rate can be expressed as follows (Tian et al., 2022):

V � d
t
, (1)

where V is the air leakage rate, d is the distance between the tracer
gas release point and the corner of the working face, and t refers to
time interval.

Due to irregular air flow to the formation in cracks, the
maximum air leakage rate and the minimum air leakage rate can
be determined by calculating the longest and shortest straight line
distances, respectively. As shown in Figure 2, the formula for
calculating the maximum and minimum air leakage rates can be
obtained as follows.

V max � L + Hd −Hj( )
t

, (2)

V min �
�������������
L2 + Hd −Hj( )2√

t
, (3)

where Vmax and Vmin are the maximum and minimum air leakage
rates, respectively.

3.2 Air leakage measurement scheme in the
goaf

In this measurement, the instantaneous release mode is adopted
to conduct field observation and investigation on the surface
subsidence area of the working face at different times (winter:
16 January 2021; spring: 11 March 2021; summer: 27 June 2021;
and autumn: 16 September 2021). In addition, a “two-way” chute
with a relatively large air leakage and good communication with the
working face and the position with large cracks under periodic
pressure of the working face are selected as tracer gas release points
on the surface. The SF6 tracer gas is used to test the distribution of
surface air leakage channels, and the release amount is 32 L. The
selected release point position is shown in Figure 3.

3.3 Analysis of results

The portable SF6 gas detector is adopted to test the return wind
20 m from the return wind corner of No.122108 working face on the
surface and in the mine in different seasons. The ambient temperature,
air pressure, working face wind speed, SF6 appearance time, and
duration are recorded, and then the air leakage from the surface to
No.122108 working face is measured.

FIGURE 1
Roadway layout of the mining working face.

FIGURE 2
Schematic diagram of air leakage rate calculation (L is the
horizontal distance between the tracer gas release point and the
working face, and Hd and Hj represent the elevation of the tracer gas
release point and monitoring point in the mine, respectively).
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3.3.1 Change of surface and downhole ambient
temperatures and air pressure in different seasons

As can be observed in Figures 4, 5, the largest temperature
difference in winter reaches 37.7°C, the surface temperature is below
zero, and the smallest temperature difference in summer is only
0.9°C. Because of the change of seasons, the surface temperature is
greatly different, and the change of air temperature leads to the
change of air density, forming the phenomenon that the
atmospheric pressure in winter is higher than that in summer.
The downhole is a semi-closed environment where the change of
temperature and atmospheric pressure is small, thus forming an
evident temperature difference in the downhole. As shown in
Figure 5, the maximum air pressure difference is 40.37 hPa in
winter and 22.47 hPa in summer. The difference between spring
and autumn is small due to climatic characteristics.

3.3.2 Leakage rate
In combination with the crack survey in the surface collapse

area, tracer gas release in different positions, and downhole
observation, the vertical air leakage in No.122108 working face of

Caojiatan coal mine is qualitatively and quantitatively analyzed to
find the characteristics and law of the formation of surface cracks
and air leakage channels. The change of the air leakage rate of each
measuring point in different seasons is obtained by calculation, as
shown in Figure 6. The result shows that the vertical air leakage of
No.122108 working face in Caojiatan coal mine is serious, the wind
speed is high, air leakage exists in 20 of 23 measuring points, and the
air leakage rate is up to 86.96%. As can be observed in Figure 6, the
air leakage rate also varies significantly with the seasonal change.
Due to the large temperature difference in winter, the air pressure
difference between the surface and downhole is large, the air leakage
is serious, and the maximum air leakage rate at A5 measuring point
reaches 0.1614 m/s. The air leakage rate is generally higher in winter
than in the other three seasons, and the air leakage rate is the lowest
in summer because the temperature in winter is low, the air shrinks,
the density increases, and the weight of the air column per unit area
and the air pressure goes up. Therefore, in winter, the maximum air
leakage rate ranges from 0.1003 to 0.1614 m/s, the average flow rate
is 0.1022 m/s, the minimum air leakage rate is 0.0717–0.1145 m/s,
and the average flow rate is 0.5377 m/s. It is the opposite in summer.

FIGURE 3
SF6 release point position (A, B, C, and D represent winter, spring, summer, and autumn, respectively. The numbers 1 to 6 represent the position of
the SF6 tracer gas measuring point).

FIGURE 4
Change of surface and downhole temperatures in different
seasons.

FIGURE 5
Change of surface and downhole air pressures in different
seasons.
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The air pressure decreases, and the downhole negative pressure
decreases. In summer, the maximum air leakage rate ranges from
0 to 0.1354 m/s, the average flow rate is 0.0961 m/s, the minimum air
leakage rate ranges from 0 to 0.0983 m/s, and the flow rate is
0.0670 m/s. Seasonal changes result in the difference of pressure
between the surface and downhole, and the air leakage is serious in
winter when the negative pressure increases.

Figure 7 shows the change of the average air leakage rate with the
working face distance. It can be observed that the air leakage rate is
smaller when the measuring point is far away from the working face.
On the contrary, the air leakage rate is larger when the distance from
the working face is closer. This is because the surface cracks at the
measuring point far away from the working face are relatively few
due to a series of environmental factors such as long subsidence time

and surface soil filling, and the wind leakage speed of the cracks is
relatively small; the surface cracks at the measuring point near the
working face are relatively more for a good development condition
due to the initial formation of the subsidence area, and the wind
leakage speed of the cracks is relatively large. According to the
results of field investigation and test, the transfusion through the
surface to the goaf is not uniform due to serious air leakage in the
large crack zone in some subsidence areas and the small cracks with
little or no air leakage. There are many extended large cracks on the
surface; the maximumwidth of cracks is 0.03–0.09 m, and the length
of cracks is 23–35 m. These large cracks are highly likely to have
serious air leakage and need to be buried in time.

Figure 8 shows the distribution of the average air leakage flow
rate on the air inlet side, air return side, and measuring point in the
middle of the working face in four seasons. It can be observed that
the air leakage flow rate on the inlet side is relatively large, while that
on the return side is relatively small.

3.3.3 Distribution of air leakage intensity
The main methods for calculating the air leakage intensity of a

loose coal body include the air flow calculation method, Darcy
differential algorithm, air network solution algorithm, and oxygen
concentration calculation method (Deng et al., 1999). Theoretically,
the first three methods can accurately calculate the air leakage
intensity and distribution of a loose coal body. However, due to
the limitation of accuracy of the current wind and pressure
measurement technology and practical conditions of roadway, it
is difficult to implement the practical application of calculating the
air leakage intensity of a loose coal body. The error is large, so they
are seldom used in the field. The fourth method is simple and
accurate; it calculates the air leakage intensity using the measured
oxygen concentration.

The oxygen concentration measurement method is through the
actually measured oxygen concentration distribution to push back
the air leakage intensity. The idea is to assume a kind of air leakage

FIGURE 6
Change of the air leakage rate at each release point in different
seasons.

FIGURE 7
Change of the average air leakage rate with the working face
distance.

FIGURE 8
Distribution of the average air leakage flow rate of the measuring
points at different positions in the surface crack working face in four
seasons.

Frontiers in Earth Science frontiersin.org05

Zhu and Wen 10.3389/feart.2023.1138925

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1138925


law and calculate the air leakage intensity according to the oxygen
consumption rate of coal at the temperature by measuring the
oxygen concentration at a certain point in a loose coal body. The
air leakage intensity is taken as the initial value, and the change of the
system air pressure is considered (mainly the change of hot air
pressure caused by the change of coal temperature); then, the
dynamic change law of air leakage intensity can be obtained.

Assuming that the air leakage flows only along one dimension,
when the air leakage intensity in a loose coal body is constant, the
relationship between the air leakage intensity and oxygen concentration
can be obtained [as shown in Formula 4 (Zuo et al., 2018)]:

Q
−
xi
−( ) � V0

O2
xi+1 − xi( )

C0
O2
ln

Ci
O2

Ci+1
O2

, (4)

where C0
O2

is the oxygen concentration of the fresh air flow and is set
as 9.375 × 10−6mol/cm3; V0

O2
(T) is the oxygen consumption rate

when the experimentally determined coal temperature is T and the
oxygen concentration is 21% and is set asmol/(s · cm3);Q− (xi

− ) is the
air leakage intensity at xi

−
in the goaf and is cm3/(s · cm2); xi+1 and

xi are, respectively, the distance between two points of the goaf and
the working face, m.

According to the field observation data, the horizontal
distribution map and three-dimensional distribution map of the
air leakage intensity in different positions inside the goaf are
established as shown in Figures 9, 10. As can be observed in
Figures 9, 10, the air leakage intensity is highest on the air inlet
side of the goaf, second highest in the middle of the goaf, and lowest
on the air return side. Therefore, the air leakage intensity decreases
from the air inlet side to the air return side through the middle of the
goaf. At about 50 m from the air inlet side to the working face, the air
leakage intensity has a peak value and is higher than the surrounding
points, which should be due to the existence of the auxiliary chute
and connection roadway at the wind inlet side so that the air leakage
is relatively large. According to the analysis result of air leakage
intensity, the air leakage is serious on the air inlet side, which should
be the key area of fire prevention and extinguishing work.

4 Numerical simulation analysis

4.1 Theoretical basis of simulation in the
goaf

After the working face is mined, the roof strata will collapse one
after another. Therefore, the goaf is filled with broken rock and the
loose coal body, and the cracks between the broken rock and the
loose coal body are very abundant in the goaf. For the purpose of
simulation calculation, we consider the loose coal body and rock as
homogeneous porous media. It is assumed that 1) spontaneous
combustion occurs in residual coal in the goaf; 2) heat exchange
occurs between residual coal and the surrounding air; and 3) heat
released by the chemical reaction enhances the transfusion process
between the substances and intensifies heat and mass transfer.

4.1.1 Mathematical equation of gas concentration
in the goaf

The pore distribution in loose coal is usually large, and large
pores will cause the gas to leak easily. The air leakage rate causing
spontaneous coal combustion is very small (0.001–0.5 cm s-1) under
the actual conditions, and the air leakage distribution is a function of
time and space. In order to study the influence of surface air leakage
on coal spontaneous combustion in the goaf, the control equation of
the key characteristic parameter O2 of coal spontaneous combustion
is established.

The migration of O2 in porous media includes diffusion and
transfusion. According to Fick’s law, the diffusion of air components
is from high concentration to low concentration. In the given
calculation area, O2 transfusion should conform to Darcy’s law,
and the air leakage intensity in the transfusion model only needs to
consider the air leakage through the unit area of loose coal. The
equation for the mass balance of O2 can be expressed as follows:

�Qx
zCO2

zx
+ �Qy

zCO2

zy
+ �Qz

zCO2

zz
� Dx

z2CO2

zx2
+ Dy

z2CO2

zy2
+ Dz

z2CO2

zz2

−VO2 T( ), (5)

FIGURE 9
Distribution of the air leakage intensity of No.122108 working
face.

FIGURE 10
Three-dimensional distributionmap of the air leakage intensity of
No.122108 working face.
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where �Q is air leakage intensity of the goaf; �Qx, �Qy, and �Qz are air
leakage intensity components in the x, y, and z directions,
respectively; CO2 is the concentration of O2; D is diffusion
coefficient; Dx, Dy, and Dz are diffusion coefficients of O2 in x,
y, and z directions, respectively; VO2(T) is the oxygen consumption
rate of coal, when the O2 volume fraction is CO2 and the oxygen
consumption rate is proportional to O2 volume fraction.

4.1.2 Governing equation of the flow field in the
goaf

In the normal production of the mine, it is assumed that the
transfusion, diffusion, and chemical reaction in the combustion
space proceed smoothly, and the total mass of air remains
unchanged. If the temperature of the goaf is basically kept
constant, the governing equation of the flow field in the goaf can
be obtained as follows (Li Y. C. et al., 2022):

z

zx
kx
zH
zx

( ) + z

zy
ky
zH
zy

( ) + z

zz
kz
zH
zz

( ) � 0

�Qx
zC
zx

+ �Qy
zC
zy

+ �Qz
zC
zz

� Dx
z2C
zx2

+ Dy
z2C
zy2

+ Dz
z2C
zz2

− V T( )

�Q � −k
μ
∇H

V T( ) � C
C0

V0 T( )

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

,

(6)
where H is the pressure and k is the absolute permeability; if the
permeability of the goaf is isotropic, kx=ky=kz; µ is the air viscosity
coefficient; C0 is the mass concentration of O2 in air; V0(T) is the
standard oxygen consumption rate.

4.2 Parameter setting of the numerical
model of the goaf

4.2.1 Numerical model
In accordance with the actual condition of No.122108 working

face, a three-dimensional model of the goaf of the working face is
established. The depth of the goaf is set to 400 m, the inclined length

of the working face is set to 280 m, the thickness of floating coal
along the inlet and return air chute is set to 5.71 m, the thickness of
floating coal in the middle of the goaf is 0.85 m, and the rock on
floating coal is 10-m thick. The origin of coordinates is located at the
innermost end of the goaf. The direction pointing to the air outlet is
the x-axis-positive direction, the direction pointing to the working
face is the y-axis-positive direction, and the upward direction is the
z-axis-positive direction. The calculation area grids are divided into
structured grids. In the floating coal, the step length is 1 m in x, y,
and z directions, the step length in the rock is 4 m, and there are
1,523,756 grids. The three-dimensional model and grid division are
shown in Figures 11, 12.

4.2.2 Boundary conditions
The setting of boundary conditions is the key of the numerical

simulation solution. Only when the conditions are reasonable and
close to the actual conditions can the accurate flow field distribution
be calculated.

In the model area studied, it is assumed that the air inlet lane, air
return lane, and working face surface are boundaries in this area.
The wind speed and gas concentration involved in these boundaries
are the boundary conditions to be considered in the model. In
addition, it is assumed that that rest of the surface in the area has a
wall property. Due to the presence of this wall, the permeation effect
of the gas will not be possible. Therefore, based on the
aforementioned assumptions, the boundary conditions for
transfusion and diffusion in the model area are defined as follows.

(1) Assuming that the temperature in the goaf does not change and
the pressure at both ends of the working face remains stable, it is
a steady-state transfusion problem, namely, dCdτ � 0.

(2) On the wall, �Q � 0.

Assuming that the gas enters the goaf in a steady-state
transfusion mode, the air inlet is set to the velocity inlet, the
speed is set to 2.4 m/s, and the air outlet boundary is set to out
flow. The goaf is set as the porous medium area of air flow. The
porosity, viscous resistance coefficient, inertia resistance coefficient,
and oxygen consumption rate are compiled into the solution
program by UDF programming. In that process of model

FIGURE 11
Three-dimensional model of the goaf.

FIGURE 12
Three-dimensional model of grid division.
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solution, the energy equation and the component transport model
are opened.

4.3 Numerical simulation result and analysis

Based on the aforementioned model, the distribution of oxygen
concentration in the goaf is obtained as shown in Figure 13. Figures
13A, B show, respectively, smooth distribution and stripe
distribution of oxygen concentration at a distance of 0.5 m from
the coal seam floor, and Figure 13C shows three-dimensional
distribution of the oxygen concentration in the goaf.

It can be observed from Figures 13A–C that oxygen
concentration in the goaf of Caojiatan coal mine is 18% at 98 m
from the air inlet side to the working face and 8% at 245 m; similarly,
oxygen concentration on the air return side is at 33 and 96 m. The
comparison shows that oxygen concentration on the air inlet side of
the goaf decreases more slowly than that on the air return side,
oxygen concentration distribution at the same depth is different, and
oxygen concentration at the inlet side is greater than that at the
return side.

5 Field verification

The oxygen concentration result obtained by the simulation is
compared with the field observation result as shown in Figures
14, 15.

As can be observed intuitively from Figures 14, 15, the oxygen
concentration data obtained by numerical simulation show a

decreasing trend as a whole along with the extension of the deep
part of the goaf, while the measured data show a slight fluctuation
and decreasing trend. This is due to the error in field measurement
and the influence of air leakage in the goaf. Generally speaking, the
numerical simulation and the field data are well anastomotic.
Considering the results of field observation and simulation, in
order to eliminate the hidden danger of coal spontaneous
combustion in the goaf of coal spontaneous combustion fully

FIGURE 13
Distribution of oxygen concentration in the goaf. (A) Smooth distribution of oxygen concentration at 0.5 m from the coal seam floor. (B) Strip
distribution of oxygen concentration at 0.5 m from the coal seam floor. (C) Three-dimensional distribution of oxygen concentration in the goaf.

FIGURE 14
Comparison of measured and simulated oxygen concentration
on the air inlet side.
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mechanized caving face, it is necessary to enlarge the monitoring
range of the dangerous area in the goaf. Therefore, assuming that the
thickness of floating coal is enough to gather heat, it can be
preliminarily judged that the coal spontaneous combustion risk is
high in the goaf of No.122108 fully mechanized caving face in
Caojiatan coal mine in the range of 98–245 m from the air inlet side
and 33–96 m from the air return side.

6 Conclusion

This study takes No.122108 working face of Caojiatan coal mine
as the research object and uses the SF6 tracer gas to measure the air
leakage of the working face in different seasons. Based on the result
of air leakage measurement, the “three zones” of spontaneous
combustion in the goaf are simulated using Ansys Fluent fluid
dynamics software, and the simulation result is compared with
the field measurement. The main conclusions are as follows.

(1) The vertical air leakage in No.122108 working face is serious,
with high wind speed and air leakage rate up to 86.96%. The air
leakage intensity decreases from the air inlet side to the air
return side through the middle of the goaf.

(2) The air leakage rate of No.122108 working face is generally
higher in winter than that in other three seasons and the lowest

in summer. When the measuring point is far away from the
working face, the air leakage rate is small, and when the
measuring point is near the working face, the air leakage rate
is large.

(3) The oxygen concentration in the goaf of No.122108 fully
mechanized caving face is 18% at 98 m on the air inlet side
and 8% at 245 m and 33 and 96 m on the air return side,
respectively. The decrease speed of oxygen concentration on the
intake side of the goaf is slower than that on the return side. The
oxygen concentration distribution at the same depth is different
and that on the inlet side is greater than that on the return side.

(4) The numerical simulation and the field data are well
anastomotic. In order to eliminate the hidden danger of coal
spontaneous combustion in the goaf of No.122108 fully
mechanized caving face, it is necessary to enlarge the
monitoring range of the dangerous area in the goaf.
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