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In this paper, the inerting effect and migration law of inert N2 and CO2 in large inclined goaf are studied using a physical
simulation model. The differences in oxygen reduction and inert gas migration are analyzed and compared. The results show
that as N2 and CO2 injection increased, the oxidation zone’s range and width shrunk, and the end of the loose and oxidation
zones moved closer to the working face. The migration profile of CO2 and N2 resembled a trumpet and an L shape,
respectively, and under the same inerting flow rate, the effect of CO2 inerting on oxygen reduction was much less significant
than that of N2.

1. Introduction

Steeply dipping coal seams with dip angles of 35° to 55° are
considered challenging to mine internationally. Currently,
coal reserves of steeply dipping coal seams account for about
20% of the total coal reserves in China [1], and its annual
production accounts for about 10% of total coal production.
With continuous mining, coal seams with good occurrence
conditions in the eastern region are gradually exhausted.
As a result, the coal mining center shifts to the western
region, and the proportion of mined steeply dipping coal
seams continues to increase [2]. However, spontaneous
combustion, one of the major disasters in coal mine produc-
tion, has become a major hindering factor of green, efficient,
high-yield, and safe coal production in China. Spontaneous
combustion causes secondary disasters such as gas explo-
sions, coal dust explosions, and the release of toxic gases that
seriously threaten the safety of miners and the profit of the
mines. It is reported that over half of the coal mines in China
are at risk of spontaneous combustion, 60% of which are

caused by fires in goafs [3]. However, mining large dip angle
coal seams is easier to spontaneously combust than mining
near horizontal coal seams. The mining methods of large
dip angle coal seams mainly include horizontal slicing min-
ing, roadway caving mining method, segmentalized horizon-
tal slicing or oblique cutting slicing mining, pseudoinclined
strike long wall caving mining, and so on [4]. The particular-
ities of the coal mining methods could cause severe floating
coal accumulation and asymmetric distribution in goafs,
which increases the risk of spontaneous combustion [5].
Therefore, preventing floating coal spontaneous combustion
in the goaf of steeply dipping working face is crucial for safe
coal mine production.

Among the many fire prevention technologies reported,
inert gas fire prevention technology has significant advan-
tages due to its rapid oxygen, temperature, and air leakage
reduction in goafs [6]. The inert gases adopted are mainly
N2 and CO2. Inert gas fire prevention and fire extinguishing
technologies in slightly inclined coal seams have been
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systematically studied. Chen and Wang [7] studied the law
of spontaneous combustion in the goaf of comprehensive
caving working face and the nitrogen injection technology
to prevent and extinguish fires, concluding that the risk of
spontaneous combustion in the goaf of comprehensive cav-
ing working face at a certain height could be eliminated with
nitrogen injection. Zhuang et al. [8] investigated the mecha-
nism of spontaneous combustion in the goaf of working face
during the layered mining of thick coal seams and put for-
ward the isolation nitrogen injection technology with opti-
mal nitrogen injection parameters. Zheng [9] studied the
mechanism and parameters of nitrogen injection to prevent
and extinguish fires in goafs under different mining
conditions.

Domestic and foreign scholars have carried out a lot
of research work on the migration of N2 and CO2 in
goaf. Cao et al. [10] analyzed the influence of nitrogen
injection flow rate in the goaf on the nitrogen migration
radius based on field measured data, concluding that
increasing the nitrogen injection flow rate could increase
the nitrogen migration radius in a nearly linear logarith-
mic form. But with the increase of nitrogen injection flow
rate, the oxygen suppression efficiency of nitrogen injec-
tion to the oxidation zone in the goaf decreases gradually,
so simply increasing nitrogen injection flow rate will not
have an ideal effect. Cao et al. [11] studied the range of
changes in the three spontaneous combustion zones
before and after nitrogen injection through on-site moni-
toring and determined the optimal position and flow rate
of nitrogen injection for the optimal inerting effect. Shao
et al. [12, 13] studied the flow characteristics of CO2 in
the goaf through numerical simulation and concluded
that injecting CO2 into the goaf is more effective than
injecting nitrogen. Wang et al. [14] adopted numerical
test methods to study the distribution law of the three
spontaneous combustion zones in the goaf of a fully
mechanized working face with different positions and
flow rates of carbon dioxide injection. Their results
showed that the optimal carbon dioxide injection position
is the inlet groove about 20m from the working face, and
the maximum width of the oxidation heating zone after
carbon dioxide injection moves from the inlet side to
the middle of the working face.

According to the literature review, scholars have con-
ducted relatively little research on the migration law of
inert gas in the goaf of the high-inclination working face,
especially the goaf with complex coal and rock distribution
under slicing mining in high-inclination thick coal seams.
Therefore, effectively predicting the inert gas flow in the

goaf of the high-inclination thick coal seam under slicing
mining and accurately implementing the fire prevention
technology is of top priority in preventing and controlling
spontaneous combustion in the goaf. This paper takes the
Dongxia coal mine as the research object and conducts
physical similarity simulation experiments to study the
O2 distribution and inert gas migration law in the goaf
after inert gas injection. This study could guide fire pre-
vention in mines and have important practical significance
for preventing and controlling spontaneous combustion in
goafs of large inclined coal seams.

2. Materials and Methods

2.1. Overview of 37121-1 Working Face. The 37121-1 work-
ing face with a large dip angle in the Dongxia coal mine is
located in the 940-875 stage of the Dongxia coal mine. The
average thickness of the coal seam in this face is 7.0m, and
the average dip angle of the working face is 45°. This coal
seam has a high risk of spontaneous combustion with the
smallest spontaneous combustion duration of 37 days. The
working face’s strike length is 1021m, and the inclination
length is 126m. The comprehensive mechanized top coal
caving mining method is adopted for mining, with a mining
height of 2.7m and a caving height of 4.3m. The working
face is set up at a level between +940m and +875m. The
design air supply of the working face is 490m3/min, whereas
the actual air supply is 750m3/min.

2.2. Experimental Platform

2.2.1. Experimental Platform Design. To investigate the
effects of inert gas injection settings on O2 distribution in
large inclined goaf, a similarity simulation experiment plat-
form based on working face 37121-1 in the Dongxia coal
mine (similar ratio, 1 : 60) was established. The basic param-
eters of the similarity simulation experiment platform are
shown in Table 1.

The similarity simulation experiment follows three sim-
ilarity criteria: geometric similarity, kinematic similarity,
and dynamic similarity, as shown below [15–17].

(i) Geometric similarity: the similarity simulation
experiment platform for goafs of high inclined
working faces is proportional to the geometric
parameters of the real goafs. The foam used to fill
the goaf in the simulation is proportional to the size
of the gravel in the real goaf

(ii) Kinematic similarity: the time for the air to flow
through the working face in the similarity

Table 1: Basic parameters of the similar simulation experiment platform for goaf of high inclined working face.

Element Conventional value Simulated value Element Conventional value Simulated value

The working face length (m) 126 2 The caving zone height (m) 12~21 0.2~0.33
The gob model length (m) 180 3 The fracture zone height (m) 39~48 0.67

The gob model height (m) 60 1 Inclination angle (°) 45 45
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Figure 1: Schematic diagram of the experimental platform.

Figure 2: The negative pressure vacuum pump and rotameter.
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Table 2: The similarity simulation experiment scheme.

Inert Inclination angle (°)
Depth of

buried pipe (m)
Ventilation
rate (L/min)

N2/CO2 45° 0.67

1.1

2.3

3.4
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Figure 5: O2 concentrations at x = 0:2, 0.5, 0.8, and 1.4m and y = 0:3 and 1.5m with N2 injection rate of 3.4 L/min, 0°.

1.4
1.2
1.0
0.8
0.6

A
ir 

re
tu

rn
 si

de
 d

ep
th

 (m
)

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

O
2 c

on
ce

nt
ra

tio
n 

(%
)

0.4
0.2
0.0

–0.2

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

1.8 1.5 1.2 0.9

Working face length (m)

h = 0 m

0.6 0.3 0.0

21.00

16.67

13.33

10.00

6.667

3.333

0.000

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

hh = 0 mm

(a) h = 0m

h = 0.1 m
1.4
1.2
1.0
0.8
0.6

A
ir 

re
tu

rn
 si

de
 d

ep
th

 (m
)

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

O
2 c

on
ce

nt
ra

tio
n 

(%
)

0.4
0.2
0.0

–0.2

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

1.8 1.5 1.2 0.9

Working face length (m)

0.6 0.3 0.0

21.00

16.67

13.33

10.00

6.667

3.333

0.000

h = 0.1 m

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

(b) h = 0:1m

O
2 c

on
ce

nt
ra

tio
n 

(%
)

h = 0.2 m
1.4
1.2
1.0
0.8
0.6

A
ir 

re
tu

rn
 si

de
 d

ep
th

 (m
)

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

0.4
0.2
0.0

–0.2

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

1.8 1.5 1.2 0.9

Working face length (m)

0.6 0.3 0.0

21.00

16.67

13.33

10.00

6.667

3.333

0.000

h = 0.2 m

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

(c) h = 0:2m

h = 0.3 m

O
2 c

on
ce

nt
ra

tio
n 

(%
)

1.4
1.2
1.0
0.8
0.6

A
ir 

re
tu

rn
 si

de
 d

ep
th

 (m
)

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

0.4
0.2
0.0

–0.2

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

1.8 1.5 1.2 0.9

Working face length (m)

0.6 0.3 0.0

21.00

16.67

13.33

10.00

6.667

3.333

0.000

h = 0.3 m

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

(d) h = 0:3m

O
2 c

on
ce

nt
ra

tio
n 

(%
)

h = 0.4 m
1.4
1.2
1.0
0.8
0.6

A
ir 

re
tu

rn
 si

de
 d

ep
th

 (m
)

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

0.4
0.2
0.0

–0.2

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

1.8 1.5 1.2 0.9

Working face length (m)

0.6 0.3 0.0

21.00

16.67

13.33

10.00

6.667

3.333

0.000

h = 0.4 m

A
ir 

in
ta

ke
 si

de
 d

ep
th

 (m
)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
–0.2

(e) h = 0:4m

Figure 6: Cloud distribution of O2 concentration at different heights with the N2 injection rate of 3.4 L/min, 0°.
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Figure 7: O2 concentrations at x = 0:2, 0.5, 0.8, and 1.4m and y = 0:3 and 1.5m with CO2 injection rate of 3.4 L/min, 0°.
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Figure 8: Cloud distribution of O2 concentration at different heights with the CO2 injection rate of 3.4 L/min, 0°.
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simulation model is the same as that in the real goaf.
The volume proportion of inert gas to air injected in
the model is also the same as in the real goaf

(iii) Dynamic similarity: the force of the airflow in the
similarity simulation experiment platform of large
inclined goaf is the same as that in the real goaf,

and force direction is also the same if secondary fac-
tors are not considered [18]

2.2.2. Platform Construction. The experimental platform
simulated the O2 distribution and inert gas migration law
under different flow rates after injecting N2 and CO2 into
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Figure 10: O2 concentrations at x = 0:2, 0.5, 0.8, and 1.4m and y = 0:3 and 1.5m with N2 injection rate of 2.3 L/min, 45°.

6 Geofluids



0

0.5
Working face

Air intake

Air return

1

1.5

2

2.5

3 0
0.2

0.4
0.6

0.8
1

1.2
1.4

1.6
1.8

0

0.5

1

x
z

y

0

2

4

6

8

10

12

14

16

18

20

0.5
Working fac

1

1.5

2

2.5

3

0.6
0.8

1
1.2

1.4
1.6

0

0.5

1

0

2

4

6

8

10

12

14

16

18

20

Gob
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Figure 12: Cloud distribution of O2 concentration at different heights with the N2 injection rate of 1.1 L/min, 45°.
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the large inclined goafs. The experimental platform includes
the box, ventilation, data collection, and inert gas injection
systems. The schematic diagram of the experimental plat-
form is shown in Figure 1.

(1) The Box System. The box simulating a large inclined
goaf is the main part of the experimental platform. It
includes the box body and two long roadways. The box
is made of a 50mm angle steel frame and a 2mm thick
stainless steel bottom plate welded to the frame. The
dimension of the main box is 3m × 2m × 1m. The goaf
and roadway are constructed with transparent PMMA

acrylic plate to simulate the supporting coal wall. Two
rotating supports are welded between the bottom plate
and the frame. By synchronously rotating the two nuts,
the whole platform can be tilted to the left in the range
of 0° to 55°.

According to the coal and rock distribution law in large
inclined goaf, the coal caving and the distribution of the
remaining coal are very irregular. Thus, organic foams of
different diameters are used to fill up the box and approxi-
mate the spatial characteristics of the porous medium in
large inclined goafs. A layer of broken coal blocks is laid
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Figure 13: Cloud distribution of O2 concentration at different heights with the N2 injection rate of 2.3 L/min, 45°.
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on the bottom of the box to simulate the residual coal in the
goaf.

(2) The Ventilation System. The ventilation system is
designed to adjust the ventilation parameters of the similar-
ity simulation experiments. It includes a negative pressure
vacuum pump and a rotameter. The vacuum pump is con-
nected to the left air return roadway to simulate the extrac-
tion downward ventilation mode of the working face. The
rotameter is used to measure and help control the air volume
of the working face, as shown in Figure 2.

(3) The Data Collection System. The data collection system
records the monitoring data in real time. Figure 3 shows a
detailed layout of the oxygen measurement points. A total
of 60 oxygen sensors were arranged in the goaf box to mea-
sure the spatial distribution of O2 in the goaf and indirectly
reflect the migration law of N2/CO2 in the goaf.

(4) The Inert Gas Injection System. The inert gas injection
system simulates the inert gas injection into the goaf. The
system includes the N2 or CO2 gas cylinders, gas pressure
reducing valves, gas buffer tanks, air rotor flow meters, and
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Figure 14: Cloud distribution of O2 concentration at different heights with the N2 injection rate of 3.4 L/min, 45°.
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transparent PU pipes with a diameter of 14mm, as shown in
Figure 4. The N2 or CO2 cylinders simulate the source of
inert gas injected into the goaf. The two cylinders are con-
nected with a three-way joint to ensure a sufficient inert
gas source during the experiment. The gas pressure-
reducing valve is connected to the gas cylinder to maintain
an absolute pressure so that the outflow of inert gas is

smooth and continuous. Gas buffer tanks are used to buffer
the airflow and a certain amount of inert gas and ensure the
continuity of inert gas injection during the experiment.

2.3. Experimental Methods. The purpose of this experi-
ment is to qualitatively analyze the inert gas migration
law in the large inclination goaf under different flow
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Figure 15: O2 concentrations at x = 0:2, 0.5, 0.8, and 1.4m and y = 0:3 and 1.5m with the CO2 injection rate of 1.1 L/min, 45°.
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conditions and the change law of the three spontaneous
combustion zones in the goaf. Since the experiment indi-
rectly analyzes the migration process of N2 or CO2 by
monitoring the spatial distribution of O2, and the central
area of N2 or CO2 inerting is the oxidation zone, it is
assumed that the gas composition in the goaf is all air
at the beginning of the experiment. The experiment
includes two parts:

(1) A simulation experiment with similar migration law
of N2 in the goaf

(2) A simulation experiment with similar migration law
of CO2 in the goaf

The actual ventilation rate of working face 37121-1 in
the Dongxia coal mine is 880m3/min. According to the
similarity criteria, the ventilation rate of the working face
in the experiment is set to 5.0 L/min, and the flow rate of
N2 or CO2 is set to 1.1 L/min, 2.3 L/min, and 3.4 L/min,
corresponding to the actual N2 or CO2 injection flow
rates of 200m3/min, 400m3/min, and 600m3/min. The
depth of the N2 or CO2 injection pipeline in the experi-
ment is 0.67m, corresponding to the actual depth of
40m. Since the maximum inclination angle of working
face 37121-1 is 45°, the rotation angle of the platform is
set to 45° in the experiment. Table 2 shows the experi-
mental scheme. The ventilation mode of the simulated
working face is downward ventilation, and the position
of N2 or CO2 injection is located in the high-level air
intake side.

Before the experiment, the inclination angle of the exper-
iment platform was set to 45°, and the negative pressure vac-

uum pump was connected to the air return side. At the same
time, the gas injection pipeline was connected to the N2/CO2
perfusion system. The vacuum pump was turned on to pres-
surize the similarity model for at least 3 h to fill it with air
and adjust the readings of the 60 oxygen sensors to
20.95%. After that, the ventilation system was turned on,
and the negative pressure and the exhaust airflow were
adjusted. The air rotor flowmeter read 5.0 L/min, indicating
continuous and stable ventilation. Therefore, the typical ven-
tilation environment of the working face was simulated. The
N2/CO2 cylinder valve was opened, and the flow rate of N2/
CO2 was adjusted through the rotameter to continuously
and stably pass N2/CO2 into the similarity model. The data
collection system recorded the data in real time. When the
concentration was stable, the readings of each O2 sensor
were saved, and the experiment concluded.

3. Results and Discussions

3.1. Inclination Angle of 0°. To verify the feasibility of study-
ing the dangerous area in the goaf and the inert gas migra-
tion law with a similarity model, we conducted N2 and
CO2 injection experiments at the 0° inclination angle with
a flow rate of 3.4 L/min. The oxygen concentration distribu-
tion in the six sections at x = 0:2, x = 0:5, x = 0:8, x = 1:4, y
= 0:3, and y = 1:5m and the cloud distribution of O2 con-
centration at h = 0, h = 0:1, h = 0:2, h = 0:3, and h = 0:4m
are shown in the following figures.

As shown in Figures 5 and 6, the N2 injection exerts
inerting effects on the upper side of the goaf but no signifi-
cant inerting effect on the lower side. The inerting effect of
N2 improves with the increase of the distance from the floor.
The N2 injection can reduce the oxygen concentration to
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Figure 17: O2 concentrations at x = 0:2, 0.5, 0.8, and 1.4m and y = 0:3 and 1.5m with the CO2 injection rate of 3.4 L/min, 45°.
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below 10% at h = 0:2m, 0.3m, and 0.4m and keep the coal
entirely within the range of the suffocation zone. As shown
in Figures 7 and 8, the CO2 injection exerts apparent inert-
ing effects on the lower side of the goaf but has poor inerting
effects on the upper side. CO2 only keeps the coal within the
range of suffocation zone at h = 0m, while the oxygen con-
centration at other heights is high, indicating that the CO2
migration is much worse than that of N2.

3.2. Inclination Angle of 45°

3.2.1. N2 Injection.When the N2 injection rate is 1.1, 2.3, and
3.4 L/min, the oxygen concentration distributions at x = 0:2,

0.5, 0.8, and 1.4m and y = 0:3 and 1.5m are shown in
Figures 9–11, respectively.

The deeper blue color in the high area indicates low oxy-
gen concentration. With the increase of the injection rate, N2
diffuses to a larger area. When the N2 flow rate is 1.1 L/min,
the areas on the upper side of the goaf have a low N2 inerting
effect, but most areas have no inerting effect and high oxy-
gen concentration. When the N2 injection rate increases to
2.3 L/min, the N2 inerting range is larger with decreased oxy-
gen concentration on the lower side of the goaf. When the
N2 injection rate increases to 3.4 L/min, the N2 inerting
effect on the lower side of the goaf is more significant, and
the color of other areas is dark blue, indicating decreased
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Figure 18: Cloud distribution of O2 concentration at different heights with the CO2 injection rate of 1.1 L/min, 45°.
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oxygen concentration with the increased N2 injection rate.
Thus, a higher N2 injection rate has a better inerting effect
on the large inclined goaf.

As shown in Figures 12–14, the oxygen concentration
distribution at different heights of the goaf is basically the
same under different N2 injection rates, and N2 is mainly
distributed at the air inlet side of the goaf. When the N2
injection rate is 1.1 L/min, the oxygen concentration near
the goaf floor is above 10% (h = 0:1m and h = 0:2m), and
the oxidation zone of the goaf is large (10% < cO2

< 18%).
At 0.3m and 0.4m from the floor, the suffocation zone
appears. When the N2 injection rate is 2.3 L/min, the oxida-

tion zone decreases with the distance from the bottom plate.
As the N2 injection rate increases to 3.4 L/min, the whole
goaf is basically within the range of the suffocation zone,
and the residual coal in the goaf is not prone to spontaneous
combustion.

3.2.2. CO2 Injection. As shown in Figures 15–17, the inerting
area of CO2 is utterly different from that of N2. The inert-
ing area is mainly reflected by CO2 injection. The CO2
reaches the side of the low-level air return side at first
and gradually diffuses from the low-level air return side
to the high-level air intake side with the increase of the
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Figure 19: Cloud distribution of O2 concentration at different heights with the CO2 injection rate of 2.3 L/min, 45°.
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CO2 injection rate. When the CO2 injection flow is 1.1 L/
min, the inerting area is mainly located on the lower side
of the goaf. The range of blue area is very limited, indicat-
ing that the injection flow is not enough to keep the goaf
inert. As the CO2 injection rate increases to 2.3 L/min, the
CO2 inerting area becomes larger, and the oxygen concen-
tration on the lower side of the goaf decreases signifi-
cantly. When the CO2 injection rate increases to 3.4 L/
min, the oxygen concentration on the lower side of the
goaf decreases further, but that in the goaf cannot be
reduced to a lower level.

As shown in Figures 18–20, the oxygen concentration
distribution law is basically the same at different heights of
the goaf under different CO2 injection rates. CO2 is mainly
distributed on the return side of the goaf. When the CO2
injection rate is 1.1 L/min, the oxygen concentration at each
height from the goaf floor is above 10%. The oxygen concen-
tration increases with the distance from the goaf floor, and
the 18% oxygen concentration line at h = 0:1, 0.2, and
0.3m presents an S-type distribution. Even with the CO2
injection rate increasing to 2.3 and 3.4 L/min, the oxygen
concentration in the goaf is still high above 10%. Most of
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Figure 20: Cloud distribution of O2 concentration at different heights with the CO2 injection rate of 3.4 L/min, 45°.
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the goaf is in the oxidation zone, and the residual coal is
prone to spontaneous combustion.

3.3. The N2 and CO2 Injection Migration Mechanisms
and Laws

3.3.1. The N2 and CO2 Injection Migration Mechanisms.
When injected into goafs with large inclinations, N2 accu-
mulates in the upper space of the air intake side due to grav-
ity and then spreads downward and toward the air return
side. The N2 injection flow is crucial to the spontaneous
combustion zone distribution in the goaf. With increased
N2 injection, the range and width of the oxidation zone
decreased, and the end of the loose zone and oxidation zone
moved forward to the working face, where the end of the
oxidation zone moved further than that of the loose zone.

When injected into goafs with large inclinations, CO2
diffuses along the goaf bottom to the side of the low-level
air return side due to gravity and then slowly diffuses
upward. The inerting effect of CO2 on the floor area of goafs
with large inclinations was less significant than that of hori-
zontal goafs because CO2 was denser than air. With large
inclinations, CO2 flows along the air intake side to the low-
level air return side of the goaf. Part of CO2 dissipates along
with the airflow of the working face, which reduces CO2
accumulation in the air return side, resulting in poor inert-
ing effects.

3.3.2. The N2 and CO2 Injection Migration Laws. The N2 and
CO2 inerting effects and migration laws in the goaf area with
large inclinations are shown in Figures 21 and 22, respec-
tively. When N2 is injected into the goaf area with large incli-
nations, N2 accumulates in the upper area of the lower part
of the inlet side since N2 is lighter than air and gradually dif-

fuses toward the low-level high oxygen area. The migration
profile of N2 approximates an L shape. When injected,
CO2 accumulates to the low-level air return side and gradu-
ally diffuses toward the high oxygen area in the deep part of
the high-level air intake side since CO2 is denser than air.
There is also a high oxygen area near the working face due
to ventilation. The migration profile of CO2 resembles a
trumpet shape, in which the bell mouthing is located in the
CO2 filling port of the air intake side.

4. Conclusion

In this paper, the inerting effects and migration laws of N2
and CO2 injections into the goaf with large inclinations were
studied with a similarity simulation model. The results
showed that with the increase of N2 and CO2 injection, the
range and width of the oxidation zone decreased, and the
end of the loose zone and the oxidation zone moved forward
to the working face. When injected at the same flow rate,
CO2 flew to the air return side and dissipated with the air-
flow of the working face due to its higher density than air,
and the inerting effects were far less significant than that of
N2. The migration profile of N2 in the goaf approximated
an L shape, and that of CO2 approximated a trumpet shape.
Therefore, the inerting effects of N2 were superior in terms
of fire prevention and extinguishment in large inclined
goafs.

Data Availability

The data used to support the findings of this study are
included within the article.

Additional Points

Coal Mining Terminology. Working face: the first production
site of coal, with narrow working space, mechanical equip-
ment, poor visual environment, high temperature character-
istics. Goaf: the cavity or cavity left after the underground
coal or coal gangue is mined in the process of coal mining.
Air intake: the fresh air flow for the working face. Air return:
the turbid wind after fresh air passing through the working
face and goaf.
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