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It is of great significance to study the pattern of displacing methane gas with water in the coal seam water injection process for the
prevention and control of gas disasters. A two-phase displacement test device was used to conduct experiments on the water
injection of coal samples to displace methane gas under different water injection pressures, and the influence of the water
injection pressure on the displacement was analyzed. The test results show that with the same displacement time, the ratio of
displaced methane increases with the increase in the water injection pressure. The displacement rate increases with the increase
in the water injection pressure at the stage without water discharge, while the water displacement rate under different water
injection pressures differed slightly; in the later displacement stage, a higher water injection pressure of the coal sample results
in a faster attenuation of the displacement rate and water displacement rate due to the decrease in the methane content in the
coal sample. There is a critical water injection pressure to displace methane gas. When the critical water injection pressure is
exceeded, the displacement time does not change appreciably. Flowing water can displace a large amount of methane gas in
coal, and the methane displacement rate increases with the increase in the water injection pressure. The high solubility of
methane in water is the reason for the high methane displacement rate. The results of this study can provide theoretical
guidance for coal seam water injection to control gas disasters.

1. Introduction

Gas is a hazardous source threatening coal mine safety
production. According to statistics, from 2008 to 2020, the
number of deaths caused by gas disasters in China’s coal
mines accounted for 33% of the total number of deaths in
coal mines. Gas disasters are the most fatal coal mine
disasters, and coal and gas outbursts are the most serious
types of gas disasters [1]. Coal and gas outbursts are the
result of the combined effect of three factors, i.e., gas, crustal
stress, and coal physical and mechanical properties [2–4].
Therefore, reducing the coal seam stress and changing the
physical and mechanical properties of coal and gas desorp-
tion characteristics are effective ways to control coal and
gas outbursts.

Coal seam water injection has various modification
effects on coal seams. After wetting, the physical and
mechanical parameters of the coal body, such as the uniaxial

compressive strength, elastic modulus, brittleness, and the
ability to accumulate elastic energy, decrease, while the plas-
ticity increases [5–9]. The changes in the coal physical and
mechanical properties reduce the stress concentration of
the coal body in front of the mining face [10, 11]. The water
entering the coal seam reduces the gas desorption rate and
desorption capacity by blocking the gas diffusion and seep-
age channels [12, 13]. Many scholars consider coal seam
water injection as an effective measure to prevent coal and
gas outbursts, and this measure has been widely used in
many countries [14–17].

Studies have shown that the replacement of methane
molecules adsorbed on the coal surface by water molecules
is an exothermic process, indicating that the ability of coal
to adsorb water molecules is stronger than its ability to
adsorb methane molecules [18]. Extensive laboratory exper-
iments have confirmed that the water injected into the coal
body can displace the adsorbed methane gas [19–26]. At
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the coal seam water injection site, some wet areas have
reduced gas content, and other wet areas have increased
gas content in the coal body, and the elevated gas content
increases the risk of gas hazards. This phenomenon, which
causes a change in the distribution of gas content, is
thought to be caused by the displacement of methane
gas by water [18, 27]. However, there is a lack of support
by experimental data.

Water displacement in coal seam water injection also has
a favorable role. In gas extraction projects, the properties of
coal with different adsorption strengths toward different
gases have been utilized to replace a weakly adsorbed gas
with a strongly adsorbed gas in the coal body, so that the
weakly adsorbed gas becomes free gas, which is then
extracted from the coal body. Hence, an increase in produc-
tion can be achieved by gas injection, which is one the mech-
anism for promoting enhanced coalbed methane (ECBM)
recovery [28–30]. According to the principle of ECBM
recovery, coal seam water injection can also be used for gas
extraction to improve the prevention and control of coal
seam gas disasters.

The above analysis reveals that water displacement can
both hurt and help the prevention and control of gas disas-
ters. Understanding the pattern of gas displacement by water
injection will be beneficial to the scientific and rational
application of water displacement in engineering. Previous
studies on methane gas displacement by water injection in
coal seams only focused on the effect of water displacement
on the methane desorption pattern, and a fixed volume of
water was used in the experiments to represent the on-site
flowing water displacement environment, which widened
the gap between the experimental environment and the
on-site environment. In view of this, an independently
designed two-phase displacement test device was used to
conduct experiments of coal seam water injection to displace
methane gas under different water injection pressures, and
the pattern of displacing methane gas by coal seam water
injection was analyzed. The results of this study can provide
theoretical guidance for coal seam water injection to control
gas disasters.

2. Materials and Methods

2.1. Coal Sample Preparation. The coal samples used for the
test were taken from Coal Seam II1 of the 11th Mine of Ping-
dingshan Tianan Coal Mining Co., Ltd. in Pingdingshan
City, Henan Province. Coal Seam II1 was identified as an
outburst coal seam. The physical parameters of coal which
were evaluated using Chinese national standards are shown
in Table 1. Due to the softness of the coal at the sampling
site, coal briquette was used for the test. A crusher was used
to crush the collected coal, and a standard sieve was used to
screen out coal powder with particle sizes of 0.25-0.38mm.
Then, water was utilized as a binder to mix the power evenly
before the mixed powder was placed into a briquette prepa-
ration device. Finally, a pressure of 100MPa was applied to
the briquette preparation device for 30min, producing 3 coal
samples with 50mm in diameter and about 100mm in

length. The coal samples were placed in a drying oven at
60°C for 24h.

2.2. Test Device. The two-phase displacement test device is
shown in Figure 1. The test device consists of an adsorption
equilibrium system, a vacuum system, a temperature control
system, a water injection system, a loading system, and a gas
collection system. The adsorption equilibrium system
includes an adsorption tank, a gas storage tank, and a pres-
sure control valve. The pressure regulating range of the pres-
sure control valve is 0-2.5MPa. The vacuum system includes
a vacuum pump and a vacuum gauge. The temperature con-
trol system includes a temperature controller and a water
bath tub. The water injection system includes a constant-
flux pump and a one-way valve. The maximum water
injection pressure of the constant-flux pump is 40MPa.
The loading system includes an axial hydraulic loading
device and a lateral hydraulic loading device. The gas collec-
tion system includes a gas-liquid separation bottle and a gas
collection cylinder.

Figure 2 shows a simplified model of coal seam water
injection. Water continuously flows into the coal body from
the hole under pressure. With the increase in water injection
time, the wetting radius continues to expand. The water first
passes through the coal body near the water injection area,
so that the coal body near the water injection area is seeped
for a prolonged period. However, the time the water takes to
reach the coal body far from the water injection area is long,
and the time for the coal body far from the water injection
area to be seeped through by water is short [27]. Thus, the
distance from the coal body to the water injection hole dic-
tates the length of time that the water displacement of gas
lasts in the coal body. While the water flows through the
coal, the pressure of the water flow gradually decreases.
Therefore, the coal body within the wetting radius of the
water is under a different water seepage time and water
injection pressure. The two-phase displacement test device
shown in Figure 1 controls the pressure and water injection
time at both ends of the coal sample through a constant-flux
pump and a pressure control valve, which can be used to sim-
ulate the displacement of adsorbed methane by flowing water
in different areas within the water injection wetting radius.

2.3. Test Process. Coal seam water injection displacing meth-
ane tests were conducted under the same adsorption equilib-
rium pressure but different water injection pressures. To
place the coal body under a stable adsorption pressure, the
pressure at the exhaust (liquid) end during the water injection
process is equal to the adsorption equilibrium pressure of the
coal sample. The specific test procedures are as follows:

(1) Checking the airtightness of the device. Gauze was
placed at both ends of the coal sample to prevent
the coal fragments from blocking the device pipe-
lines during the water injection process. The coal
sample was coated with silicone laterally, wrapped
in heat shrinkable sleeves after drying, and placed
in the adsorption tank. The coal sample was sub-
jected to an axial pressure and confining pressure
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of 8MPa. High-pressure helium gas was injected to
check that the device was airtight

(2) Measurement of the free space volume. First, a steel
column with 50mm in diameter and 100mm in
length was used to replace the coal sample to mea-
sure the volume of the pipeline at both ends of the
coal sample and the total volume of the gas storage
tank and the connecting pipeline. After installing
the coal sample, the free space volume of the coal
sample was measured using helium

(3) Gas adsorption. The adsorbed gas was methane with
a purity of 99.99%. First, vacuum degassing was
implemented on the test device with a vacuum
degree less than 10Pa. After completing degassing,
the gas storage tank was filled with methane gas,
and the stable pressure of the gas storage tank was
p1. The pressure control valve was adjusted so that

its opening pressure was greater than p1. The intake
valve of the adsorption tank was opened, which was
connected with the gas storage tank. The tempera-
ture of the water bath outside the adsorption tank
was set to 20°C. The adsorption time of the first
group of coal samples was 6 h. Then, the adsorption
of each group of coal samples was stopped when the
adsorption equilibrium pressure was equal to that of
the first group of coal samples. The volume V1 of
the methane gas entering the adsorption tank is
expressed by the following equation:

V1 =
273:15 p1 − p2ð Þ
0:10325T0

V2, ð1Þ

where p2 refers to the adsorption equilibrium pressure of
the coal sample, with a value of 0.60MPa; V2 stands for
the total volume of the gas storage tank and the connect-
ing pipeline, mL; and T0 represents the temperature of the
test chamber, K.

(4) Gas desorption. The opening pressure of the pres-
sure control valve was quickly adjusted to 0MPa,
and the gas desorption test was started. The desorp-
tion test was stopped when the gas output was less
than 0.1mL/min. In other studies, the authors con-
ducted natural desorption tests of multiple groups
of coal samples under exactly the same conditions,
and the desorption data of each group of coal sam-
ples differed slightly. Therefore, only the natural
desorption test of coal samples with a water injection
pressure of 4MPa was conducted in this study. For
comparative analysis, the desorbed gas is converted
to the volume in the standard state

Table 1: Physical parameters of coal sample.

Physical
parameters

Moisture
(%)

Ash content
(%)

Volatile matter
(%)

True relative density
(cm3/g)

Apparent relative density
(cm3/g)

Porosity
(%)

Value 1.38 20.27 30.97 1.43 1.34 6.29
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Figure 1: The two-phase displacement test device. 1: valve; 2: gas cylinder; 3: constant-flux pump; 4: vacuum pump; 5: gas storage tank; 6:
pressure gauge; 7: temperature controller; 8: hydraulic oil pump; 9: adsorption tank; 10: hydraulic water pump; 11: water bath tub; 12: gas-
liquid separation bottle; 13: gas collection cylinder; 14: pressure control valve; 15: one-way valve.
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Figure 2: Simplified model of coal seam water injection.
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V4 =
273:15 p0 − psð Þ
0:10325T0

V3, ð2Þ

where V3 refers to the volume of the desorption gas
recorded in the experiment, mL; V4 stands for the volume
of desorption gas in the standard state, mL; p0 represents
the laboratory air pressure, MPa; and Ps is the saturated
steam pressure, MPa.

(5) Water injection displacement. Step (3) was repeated.
When the adsorption equilibrium pressure of the
coal sample reached p2, the valve between the
adsorption tank and the gas storage tank was closed,
and the opening pressure of the pressure control
valve was set to p2. After turning the constant-flux
pump on, 7mL of distilled water was injected first
and then turned off, and the gas in the pipeline at
the inlet end was discharged to reduce the influence
from the gas in the pipeline. When the gas pressure
in the adsorption tank dropped to p2, the water
injection pressure of the constant-flux pump was
set to 4MPa. The constant-flux pump was turned
on again, and the water injection was stopped when
the volume of gas discharged from the adsorption
tank was less than 0.1mL/min. The valve at the
water inlet end of the adsorption tank was closed,
the opening pressure of the pressure control valve
was adjusted to 0MPa, and depressurization and
desorption were conducted on the coal sample

(6) Device cleaning. The coal sample was disassembled,
and the residual water in the pipeline was cleaned.
Then, the next set of tests was conducted after
replacing the coal sample with a new one

3. Results

3.1. Moisture Content of the Coal Samples. Table 2 shows the
change in the moisture content of the coal samples after the
methane displacement test with distilled water injected
under different pressures. The moisture content of the coal
samples is directly proportional to the water injection pres-
sure, but the differences in the moisture content of coal sam-
ples under different water injection pressures are small. The
coal samples were injected with water for an extended period
of time; the coal samples were fully wet, and the moisture
content of each group of coal samples reached the saturated
state. At this time, the water injection pressure has little
effect on the moisture content of the coal sample.

3.2. Ratio of Displaced Methane. The volume of displaced
methane per unit mass of the coal sample is denoted as the
ratio of displaced methane. Figure 3 reveals that as the water
injection pressure increases, the ratio of displaced methane
increases. The increasing rate of methane displacement
under different water injection pressures decreases slowly
as the displacement time increases. Before water is dis-
charged from the discharging end of the adsorption tank
(the stage without water discharge), methane gas is dis-

charged continuously from the discharging end. The meth-
ane gas in the stage without water discharge primarily
comes from the free gas in the pores and cracks of the coal
sample and the pipeline at the discharging end of the coal
sample. When the water enters the coal sample from one
end of the coal sample, it squeezes the free gas in the pores
and cracks so that the gas pressure at the front end of the
water flow increases. A gas pressure gradient is generated
in the coal sample, causing the methane gas to seep in the
direction of the water flow. The greater the water flow rate
is, the greater the pressure gradient of the gas generated in
the coal sample, and the greater the volume of gas dis-
charged from the discharge end. The water flow rate is
positively correlated with the water injection pressure.
Therefore, the greater the water injection pressure is, the
greater the volume of discharged gas at the stage without
water discharge.

When water is discharged (the stage that discharges the
water-gas mixture), the volume of discharged gas rapidly
decreases, which is reflected by the decrease in the slope of
the change curve of methane displacement, as shown in
Figure 3. A smaller water injection pressure leads to a greater
change in the slope. At the stage with the discharge of the
water-gas mixture, the gas discharged from the coal body
with the water flow comes from the free gas in the dry area
and the displaced gas in the wet area. Under the same dis-
placement time, the ratio of displaced methane increases
with the increase in the water injection pressure, indicating
that the volume of discharged gas is also positively correlated
with the water flow rate at the water-gas mixture discharge
stage. The water flow rates of coal samples with water injec-
tion pressures of 2MPa, 4MPa, and 6MPa are approxi-
mately 0.70 g/min, 2.01 g/min, and 3.03 g/min, respectively.
When the water injection pressure is 2MPa, the water flow
rate of the coal sample differs greatly from that of the other
coal samples, while the difference between the water flow
rate of the coal sample with a water injection pressure of
4MPa and that with a water injection pressure of 6MPa is
relatively small. The trend of the water flow rate with the
water injection pressure is the same as that of the ratio of
displaced methane with the water injection pressure, which
confirms that the volume of discharged gas is directly pro-
portional to the water flow rate.

After the displacement is stopped, the methane desorp-
tion quantity of coal samples with water injection pressure
of 2MPa, 4MPa, and 6MPa is 0.18mL/g, 0.28mL/g, and
0.11mL/g, respectively, which is much smaller than the
desorption quantity of nonwater-injected coal samples at
the same adsorption equilibrium pressure, as shown in
Figure 4. This is due to the large amount of gas being

Table 2: Moisture content of the coal samples.

Water injection
pressure/MPa

Adsorption equilibrium
pressure/MPa

Moisture
content/%

2 0.60 11.5

4 0.60 11.6

6 0.60 11.8
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displaced after a long period of displacement and the block-
ing effect of the retention water, which makes the desorption
quantity after the cessation of displacement much lower.

3.3. Displacement Rate and Water Displacement Rate. The
volume of gas discharged per unit of displacement time is
denoted as the displacement rate (DR), expressed as follows:

vt =
qt
Δt

, ð3Þ

where vt refers to the DR, mL/min; Δt represents the dis-
placement time, min; and qt stands for the volume of gas
discharged during the displacement time Δt, mL.

The ratio of the volume of gas discharged at the
discharge end of the adsorption tank to the mass of water
injected in the corresponding displacement time is denoted
as the water displacement rate (WDR). At the initial stage
of coal sample water injection, the water flow rate fluctuates
greatly, and the estimated water mass is used to calculate
the WDR:

vw = qt
qw

, ð4Þ

where vw refers to the WDR, mL/g; qw stands for the mass
of water injected during the displacement time Δt, g.

Figures 5 and 6 show the change patterns of DR and
WDR with displacement time under different water injec-
tion pressures, respectively. The DR and the WDR have
the same change pattern. At the stage without water dis-
charge, the DR and WDR can be divided into an increasing
stage and a stable stage. After displacement starts, the water
injection pressure increases rapidly, then fluctuates around
the set water injection pressure value and gradually stabilizes
to the water injection pressure value. The volume of dis-

charged gas is positively correlated with the water injection
pressure. Therefore, the DR increases with the increase in
the water injection pressure at the stage without water dis-
charge. However, the short duration of this stage and the
gas discharged mainly from the gas in the discharging end
of the pipeline make the WDR under different water injec-
tion pressures differed slightly in the stable stage.

A dominant path is present for coal sample water injec-
tion. Water first flows along the dominant path with low resis-
tance and then slowly enters the pores and cracks outside the
dominant path [31, 32]. This makes the coal sample not suffi-
ciently wet after entering the water-gas mixture discharge
stage, but the gas in the pipeline has been discharged. There-
fore, all the discharged gas in this stage comes from the coal
sample. However, due to the high resistance of discharging
the gas from the coal sample, only a small amount of gas is dis-
charged, causing the DR and WDR to be greatly reduced, as
shown in Figures 4 and 5. In the water-gas mixture discharge
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stage, the DR and WDR can be divided into stable and atten-
uation stages. In the stable stage, the higher the injection pres-
sure, the faster the water moves in the pore fissure and the
greater the amount of displaced gas, causing the DR in the sta-
ble stage to increase with the injection pressure. TheWDR, on
the other hand, does not vary significantly with the injection
pressure, indicating that the amount of gas released per unit
of water in the stable stage is unrelated to the injection pres-

sure. When the coal sample is nearly fully wet, all the dis-
charged gas comes from the displaced gas. When the wet
area stops expanding, the increasing rate of the volume of dis-
placed gas gradually decreases [27, 33]. The DR and WDR
enter the attenuation stage. During the early stages of displace-
ment, the volume of discharged gas increases with the increase
in the water injection pressure, resulting in a rapid decrease in
the methane content of the coal sample. The volume of
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displaced gas decreases as the methane content of the coal
sample decreases, and thus, a higher water injection pressure
creates faster attenuation of the DR and WDR in the attenua-
tion stage.

At the attenuation stage of the water-gas mixture dis-
charge stage, a higher water injection pressure creates faster
attenuation of the DR and WDR. During the early stages of
displacement, the volume of discharged gas increases with
the increase in the water injection pressure, resulting in the
rapid decrease in the methane content of the coal sample.
The volume of displaced gas decreases with the decrease in
the methane content of the coal sample, and the DR and
WDR of the coal sample with a high water injection pressure
exhibit a faster attenuation at the attenuation stage, as shown
in Figures 5 and 6.

3.4. Methane Displacement Time. The time when the dis-
placement test reaches the set stopping condition is used as
the displacement time of the coal sample. Figure 7 indicates
that the displacement time decreases with the increase in the
water injection pressure. When the water injection pressure
increases from 2MPa to 4MPa, the displacement time is
decreased by 54.0%, while when the water injection pressure
increases from 4MPa to 6MPa, the displacement time is
decreased by only 4.3%, indicating that there is a critical
water injection pressure under the set test stop condition.
Continuously increasing the water injection pressure after
exceeding the critical water injection pressure does not
improve the displacement efficiency. When the water injec-
tion pressure is lower than the critical water injection pres-
sure, the displacement time decreases rapidly with the
increase in the water injection pressure, while when the
water injection pressure is greater than the critical water
injection pressure, the displacement time does not change
appreciably with the increase in the water injection pressure.

3.5. Methane Displacement Rate. The ratio of the volume of
methane displaced from unit mass of the coal sample to the
methane content of the coal sample is denoted as the meth-
ane displacement rate, expressed as follows:

η1 =
q1
Q

× 100%, ð5Þ

where η1 refers to the methane displacement rate, %; q1 rep-
resents the volume of methane displaced from unit mass of
the coal sample, mL/g; and Q represents the methane con-
tent of the coal sample, mL/g.

The ratio of the volume of desorbed methane to the
methane content of the coal sample is denoted as the natural
desorption rate, expressed as follows:

η2 =
q2
Q

× 100%, ð6Þ

where η2 refers to the desorption rate and q2 denotes the vol-
ume of methane naturally desorbed from unit mass of the
coal sample, mL/g.

Figure 8 indicates that with the increase in water injec-
tion pressure, the methane displacement rate increases. In

the meantime, the methane displacement rate is linearly
related to the water injection pressure. The natural desorp-
tion rate of the coal sample is 65.4%. The methane displace-
ment rates of coal samples with water injection pressures of
4MPa and 6MPa are 66.0% and 76.3%, respectively, which
are higher than the natural desorption rate. Meanwhile, the
methane displacement rate of the coal sample with a water
injection pressure of 2MPa is 55.3%, which is lower than
the natural desorption rate. Figures 4 and 5 reveal that the
water flow rate of the coal sample with a water injection
pressure of 2MPa is small, resulting in small values and slow
attenuation of the DR and WDR at the water-gas mixture
discharge stage. If water is continuously injected, a certain
volume of gas will still be discharged from the coal sample.
The final methane displacement rate is likely to be greater
than the natural desorption rate. Based on the above analy-
sis, coal seam water injection can promote the desorption
of the adsorbed gas, so that a large amount of adsorbed
methane gas is displaced.

4. Discussion

The test results above indicate that the higher the water injec-
tion pressure is, the more rapidly the ratio of displaced meth-
ane increases, and the shorter the displacement time is. The
DR increases with the increase in the water injection pressure
at the stage without water discharge, while the WDR under
different water injection pressures differed slightly; at the later
stage of water injection, the higher the water injection pressure
is, the faster the attenuation. According to the fact that the
methane displacement rate under different water injection
pressures is high and greater than the natural desorption rate,
water injection promotes methane desorption and can dis-
place a large amount of adsorbed gas in the coal.

When the gas pressure is less than 8MPa, the solubility of
methane in water has a linear relationship with the gas pres-
sure [34]. The calculation formula for the solubility of meth-
ane in water at 20°C and a gas pressure of 0-3MPa is given:

s = 0:3152pz , ð7Þ
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where s refers to the solubility, L/L and pz represents the gas
pressure, MPa.

According to the calculation formula, when the methane
gas pressure is 2-6MPa, the solubility of methane in water is
0.63-1.89 L/L. The solubility of methane is quite large under
the test conditions, which greatly influences the displace-
ment pattern. Coal is a porous medium with complex pores
and fissures [35]. According to the study, porous medium
easily form confined gas during the process of water driven
gas [36, 37]. In particular, the small pores where water is
not easily entered are the main places for gas adsorption in
coal [38]. This causes a large amount of gas to be difficult
to drive out. Considering gas solubility, the blocked methane
gas is dissolved in water at the water-gas interface, which
reduces the pressure in the gas zone. According to the Lang-
muir adsorption theory, methane desorption occurs in the
gas zone, but the desorbed methane is not enough to restore
the pressure in the gas zone [39]. The equilibrium state of
forces at the water-gas interface is broken. Assuming that
the water-gas interface can move under the action of force,
methane gas dissolution will promote the continuous move-
ment of the water-gas interface until it occupies the entire
gas zone. If the force at the water-gas interface cannot move
the water-gas interface, the gas concentration at the water-
gas interface decreases due to gas dissolution at the water-
gas interface, while the gas concentration far away from
the water-gas interface is high, forming a concentration gra-
dient in the gas zone. According to Fick’s law of diffusion,
methane gas undergoes a diffusion motion [40]. Under
methane gas dissolution, diffusion, and desorption, the gas
content in the pores gradually decreases. The methane gas
dissolved in water is discharged with flowing water. In the
pore fractures occupied by water, the adsorbed gas is displaced
by water, and the displaced gas dissolves in water or forms
bubbles in the water, which is then taken out by the water flow.
Finally, a large amount of methane gas in the coal samples is
displaced by prolonged flowing water injection.

According to the analysis, the method of using water
injection to displace methane can reduce the gas content of
the coal. The test results also explain the existence of areas
with increased gas content and those with decreased gas

content after water injection in the field. The increase in
gas content in local areas increases the risk of coal and gas
outbursts [18]. Therefore, disasters caused by methane dis-
placement should be considered when using coal seam water
injection to control gas disasters. Briquettes are used in this
study for displacement tests, and there are certain differences
between briquettes and raw coal in properties and structures
that may affect the displacement pattern.

5. Conclusions

In this paper, a two-phase displacement test device was used
to conduct an experiment on displacing methane under dif-
ferent water injection pressures, thereby analyzing the
change patterns of the displacement volume, DR and
WDR, displacement time, and methane displacement rate
in addition to the influence of methane solubility in water
on displacement patterns. The following important conclu-
sions were drawn:

(1) A greater water injection pressure leads to a greater
water flow rate and a greater volume of methane
gas flushed out by the discharged water. The DR
increases with the increase in the water injection
pressure at the stage without water discharge, while
the WDR under different water injection pressures
differed slightly. At the later stage of displacement,
a higher water injection pressure causes the DR
and WDR of the coal sample to attenuate faster

(2) According to the change pattern of the displacement
time, there is a critical water injection pressure for
coal seam water injection. When the water injection
pressure is less than the critical water injection pres-
sure, the displacement time decreases rapidly with
the increase in the water injection pressure, while
when the water injection pressure is greater than
the critical water injection pressure, the change in
the displacement time with the water injection pres-
sure is no longer evident

(3) Due to the high solubility of methane gas in water
under high pressure, gas that does not typically
discharge from the coal is discharged due to the
dissolution of methane in water, so that the displace-
ment of methane by water injection has a large
methane displacement rate, and a greater water
injection pressure leads to a higher methane dis-
placement rate
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