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ABSTRACT

This paper aims to disclose the features of pressure relief gas (PRG) flow in coal-rock mass surrounding the
coal face. To this end, the basic equations of the PRG flow were established based on fluid mechanics. Relying
on these equations, the PRG flow in the overlying and underlying coal-rock masses of Longfeng Coalmine was
simulated on Fluent software. The simulation results show that the gas concentration in both the overlying and
underlying coal-rock masses tends to increase from the intake airway to the return airway; Under the joint action
of air leakage, gravitational acceleration and buoyancy, the PRG flows from the overlying and underlying coal-
rock masses, and accumulates near the top coal seam 1#, the coal seam 5# at the side of the return airway, and
the bottom coal seam 13#. The research findings shed new light on gas drainage during mining.

Keywords: Pressure Relief Gas (PRG), Buried Pipe Extraction, Numerical Simulation, Overlying and

Underlying Coal-rock Masses.

1. INTRODUCTION

Most coal mining operations are conducted underground,
and are thus subject to gas disaster, flood, and fire. Among
them, gas disaster poses the greatest threat to mining safety [1].

The coal seams with a history of outbursts of coal and gas
are featured by a strong gas adsorption capacity and slow rate
of gas desorption [2-5]. In such coal seams, the slow gas
migration makes it difficult to diversify the use of gas through
the conventional drilling and drainage method. After all, the
conventional approach is troubled by small gas flow, low gas
concentration, and poor pumping effect.

The previous studies have shown that the occurrence of
mining disasters is inseparable from the deformation of the
overlying coal-rock [6-8]. Mining may result in surface
subsidence and collapse, leading to eco-environment damages
and personal and property losses [9]. In addition, the fractures
induced by mining will increase the risk of a series of problems,
such as outbursts and water inrush [10-12].

Much research has been done on the gas migration in coal
seam. Taking the coal in porous medium as a uniformly
distributed virtual continuum, the linear gas seepage theory
holds that the gas flow in the coal seam conforms to Darcy’s
law on linear infiltration [13]. The gas penetration-diffusion
theory views the gas flow in the coal seam as a combination of
percolation and diffusion [14]. References [15-17] point out
that the gas flow in coal-rock mass is heavily influenced by
such factors as geo-stress, geothermal energy and electric field.
In general, the studies on pressure relief gas (PRG) flow in coal
seam mainly focus on the effect of the overlying coal-rock on
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coalface, failing to tackle the impact of gas flow in underlying
coal-rock mass. The so-called PRG refers to the gas drained
from the upper corner. To make up for the gap, this paper
constructs a model that reveals how the coalface is influenced
by the PRG flow in both the overlying and underlying coal-
rock masses, and discloses the features of the PRG flow
around the coalface.

To control the gas drainage and utilization in mines, the
establish model was applied to study the dynamic evolution of
gas movement in the overlying and underlying coal-rock
masses. The research direction was selected because lots of gas
will flow into the goaf and accumulate in the upper corner
when the mining layers are close to each other in the coal seam.
In this case, it is difficult to carry out drainage during the
tunneling operation, not to mention coal production, or strike
a balance among “pumping, digging and mining”.

The remainder of this paper is organized as follows: Section
2 introduces the mathematical model of the PRG flow around
the coalface; Section 3 numerically analyses the modeling
results by Fluent software; Section 4 wraps up this research
with some meaningful conclusions.

2. MATHEMATICAL MODEL OF THE PRG FLOW

Coal is a porous medium with complex physical-mechanical
features. In the coal body, the gas exists in either the adsorbed
form or the free form. The conversion between the two forms
is reversible by adjusting the external conditions. The gas flow
is essentially the diffusion from the pore system in the coal




body, the storage place of the adsorbed gas. With the
implementation of mining, the original fractures are expanded,
forming fluid channels of the free gas. Then, the gas flow is,
in nature, seepage.

2.1 PRG flow continuity equation

According to the law of the conservation of mass, the
diffusion and seepage of gas are independent from each other.

(1) Diftusion flow continuity equation

The continuity equation of the diffusion flow can be
expressed as:
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where pp is the gas density; ¢y is the porosity of the coal-rock
mass; ¢ is the mass of outgoing gas. The amount of mass
change in the system equals the difference between the mass
of incoming gas and the mass of outgoing gas.

(2) Seepage flow continuity equation

The continuity equation of the seepage flow can be
expressed as:
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After a time At, the gas density and the porosity of the coal-
rock mass change under the influence of mining, resulting in a
change of gas mass in the micro-body. The amount of mass
change in a micro-body equals the difference between the
mass of inflow minus the mass of outflow.

(3) Coupled continuity equation

The continuity equation of the diffusion flow was
superposed with that of the seepage flow:
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The equation depicts the coupling effect between the
diffusion and seepage of the PRG. The two gas movements,
both depending on the gas concentration, interact and restrict
each other during the mining process.

Because of Ve(pr)=pdvV+Vgradp and the small size of the
micro-body, the temporal variation of gas density is much

. .. . 0
greater than the spatial variation, that is, Vgrad p << ¢Ep .

Thus, Equation (3) can be approximated as:
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2.2 Motion equation of the PRG flow

In the coal seam, the PRG flow mainly takes place in the
form of diffusion and seepage. The movement of gas in small
and micro pores belongs to diffusion, while that of gas in large
pores and fissures belongs to seepage. Since Darcy’s law
cannot describe the exact state of fluid flow at a large Reynold
number (Re>10), it is necessary to resort to the law of
nonlinear seepage.

Under the action of mining, fractured zone and caving zone
will appear in the coalface. Then, laminar flow, turbulent flow
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and transitional flow will simultaneously appear in the seepage
movement of the PRG. Here, the nonlinear seepage law was
introduced to describe the features of this PRG flow:

EeJ =2[1+@)v 5)

g no

where E is permeability coefficient tensor (m?); J is the fluid
pressure gradient (Pa/m); v is the cohesion coefficient (m?/s);
G is the gravity acceleration (9.8m/s?); v is the fluid velocity
(m/s); f is the form factor of medium particles; d is the average
particle size (m); # is porosity of the porous medium (%).

2.3 State equation of the PRG flow

During the mining, the PRG flow is mainly caused by the
pressure gradient. Here, the PRG is regarded as an ideal gas,
and the temperature is considered as isothermal. Then, the
state equation of the PRG flow can be expressed as:

(6)

where pand pp are the gas densities at the pressures ofpand po,
respectively. The equation shows that the gas density varies
dynamically with gas pressure.

2.4 Content equation of coal seam gas

In mining conditions, a lot of adsorbed gas will be desorbed
to generate free gas. Then, the free gas flowing through the
micro pores and fractures in the coal seam will vary with the
gas pressure and temperature. Hence, the amount of free gas
stored in the coal seam can be expressed as:

.
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The adsorbed gas in the coal seam can be calculated by the
Langmuir adsorption equation:
M, =22 ¢ (8)
1+bp
Therefore, total content of gas in the coal seam can be
derived as:
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3. NUMERICAL SIMULATION OF PRG FLOW
3.1 Establishment of physical model

Based on some reasonable assumptions, the Ansys Fluent
software was employed to model the coalface, goaf, overlying
coal-rock and underlying coal-rock in Longfeng Coalmine in
northeastern China’s Liaoning Province. The modelling effect
is shown in Figure 1.

In the model, there are a total of 13 coal seams, denoted as
1#~13#. In the model, there are a total of 13 coal seams,



denoted as 1#~13#. Among them, coal seams 1#~9# belong to
the overlying coal-rock (43m in height), while coal seams
10#~13# belong to the underlying coal-rock (33m in height).

the goaf, with the concentration ranging from 0% to 10% near
the upper corner of the coalface. The high gas content in that
corner restricts normal mining, adding to the difficulty in gas
treatment.

Figure 1. Physical model of the coalface
3.2 Gas flow during buried pipe extraction in the goaf
Figure 2 shows the simulated results of buried pipe

extraction, and Figure 3 shows the iso-concentration map of
the gas at the floor of the goaf.
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Figure 2. Spatial distribution of gas concentration
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Figure 3. Iso-concentration map of the gas at the floor of the goaf

It can be seen from Figure 3 that the gas concentration in the
goaf gradually decreases from the deeper layer to the coalface
after the mining of coal seam 9#. Meanwhile, the air leakage
in the intake airway, together with the gravitational
acceleration, has an impact on the return airway: a large
amount of dense gas accumulates in the strip on the side of the
return airway. Within 30m from the return airway, the gas
concentration gradient changes significantly, with the
concentration ranging from 10% to 95%. In this area, the gas
is less dense in locations farther away from the coalface on the
side of the return airway.

In the deep goaf over 30m away from the workface on the
side of the return airway, the gas concentration (>70%) is only
slightly influenced by the air leakage in the intake airway. Due
to the negative pressure of the buried pipe, the gas in this area
has a deeper concentration gradient near the return airway of
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Figure 4. Space slices in the mining direction

As shown in Figure 4, along the mining direction, the gas
concentration in the overlying coal-rock is positively
correlated with the distance from the coalface. As for the
underlying coal-rock, the PRG in that mass flows upward to
the goaf under the buoyancy force, and accumulates near the
return airway along the air flow direction in the goaf. Hence,
the return airway has a high amount of gas, making it hard to
drain the gas.
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Figure 5. Space slices on gas concentration

As shown in Figure 5, the gas concentration in the overlying
coal-rock tends to increase from the intake airway to the return
airway. The reason for this trend is explained as follows. In
places close to the coalface, there is a great amount of leaked
air such that the RPG flows along the air flow direction; in
places far away from the coalface, the air flows rather slowly
because of the small leakage amount, resulting in a limited
gradient of gas concentration.

Similarly, the gas concentration in the underlying coal-rock
also gradually increases from the intake airway to the return
airway. The goafis about 30~50m away from the return airway.
The gas concentration increases at about 20m above the nearby
coal seam 5%, making it more likely for gas to accumulate on
the upper corner. Comparatively, coal seam 13#, the floor of
the underlying coal-rock, has the highest gas concentration.

From the coal-rock close to the coalface, the PRG moves
upward through the following steps: the gas flows into the goaf,
moves along with the leaked air, returns to the side of the
return airway, and accumulates in the upper corner. The
distribution of gas concentration shows that the return airway
is thronged with gas, especially near the upper corner.

To prevent gas overrun and leakage, the gas concentration
at this position is normally controlled by buried pipe extraction.



However, a single round of extraction may not be enough to
deal with severe gas leakage. If the amount of gas is
excessively high in the upper corner, it is necessary to carry
out several rounds of buried pipe drainage to achieve a
desirable treatment effect.

4 CONCLUSION

Taking the coalface of Longfeng Coalmine as the object of
Fluent numerical simulation, the author set up a gas movement
model for the coalface, and analysed the simulated results. The
following conclusions were drawn from the research:

(1) The gas concentration in the overlying coal-rock tends
to increase from the intake airway to the return airway. Within
30m from the return airway, the gas concentration gradient

changes significantly, with the concentration ranging from 10%

to 95%.

(2) Similarly, the gas concentration in the underlying coal-
rock also gradually increases from the intake airway to the
return airway. The PRG moves upward through the following
steps: the gas flows into the goaf, moves along with the leaked
air, returns to the side of the return airway, and accumulates in
the upper corner.

(3) Under the joint action of air leakage, gravitational
acceleration and buoyancy, the PRG flows from the overlying
and underlying coal-rock masses, and accumulates near the top
coal secam 1#, the coal seam 5# at the side of the return airway,
and the bottom coal seam 13#.
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