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The temperature has a significant impact on the coal seam gas extraction. A fully 
coupled model is established in this study, which takes into account the coal-gas 
interaction characteristic. The numerical result shows that the coalbed CH4 mi-
gratio and transport evolution coal bed CH4 reservoir is not only dependent on the 
coal matrix deformation, gas pressure and gas adsorption, but also closely related 
to temperature. 
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Introduction

The main component of coal seam gas is CH4, which is a potentially valuable energy 
resource, but also a potential coal mine disaster. Coal bed CH4 extraction is an effective method 
to reduce the gas disaster. Besides, gas drainage can take advantage of this clean energy source 
[1-3]. The extraction process of coal bed CH4 depends on our understanding of the CH4 migra-
tio and gas-coal interaction. Coal seam is the dual porous media reservoir, containing matrix 
and fracture network. Coal matrix is the main gas reservoir space, and the fracture network 
system can provide an effective gas-flow path [4-6].

This fluid-flow and solid deformation problem gets a lot of attention. Scholars have 
proposed many models to analyze the coal and CH4 interaction [7-9]. In deep strata, tempera-
ture has a significant effect on coal seams. Temperature will affect the adsorption of coal seam 
and change the effective influence of coal, and then change the permeability of coal seam, 
affecting the flow of gas. On the whole, it is a complex coal-gas interaction process [10-12].

In this paper, a coupled model (gas-flow, solid deformation, and temperature change) 
is established. Through this finite element model, the effect of temperature on coal seams was 
quantitatively analyzed. The model and the simulation results can provide the scientific basic 
for the analysis of the gas-flow characteristic in extraction process.
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Equations of coupled model

Gas-flow in fractures

The non-Darcy is usually adopted in coal seam gas extraction and it can be expressed 
[13, 14]:
	 f
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where µ → is the velocity, ρg– the density, n      – the kinematic viscosity, and kg – the permeability.
For the porous media, the flow equilibrium equation can be expressed:
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where Qs is the gas source. The mass content, m, is calculated:

	 g f ga c sgm Vρ φ ρ ρ= + 	 (3)

where ρga is the gas density at standard condition, ρc – the coal density, and Vsg – the content of 
absorbed gas.

The gas absorption volume can be expressed:
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where VL and PL are the Langmuir volume constant and Langmuir pressure constant, respective-
ly, c1 – the pressure coefficient, and c2 – the temperature coefficient.

The sorption induced volumetric shrinkage strain, εs, is assumed:

	 s sg sgVε α=  	 (5)

where Vsg is the content of absorbed gas, and αsg – the sorption-induced strain coefficient.
The ideal gas law is described:
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where ρg is the gas density, Mg – the molecular weight of the gas, T – the gas temperature,  
R – the universal gas constant, and pa – the standard atmospheric pressure.

Then the gas-flow equation can be re-written [15]:
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Mechanical equilibrium equation

For the dual porosity media, the effective stress can be expressed:

	 eij ij f ijpσ σ α δ= − 	 (8)

where σeij is the effective stress, δij – the Kronecker delta tensor, and α – effective stress coeffi-
cients for coal fractures.

The strain-displacement relation of coal is expressed:

	 , ,
1 ( )
2ij i j j iu uε = + 	 (9)
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The Navier-type equation is yielded:
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Coal permeability

The general porosity model is defined [16]:
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Then the porosity is expressed:
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where subscript 0 denotes the initial state of variables.
Substituting the porosity can be re-written:
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where p0 is the initial pressure and ϕ0 is the initial porosity.
The permeability is correlated to the porosity according to the following exponential 

function:
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Energy evolution

Neglecting the interconvertibility of thermal energy, the thermal balance is obtained:
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where (ρC)M is the specific heat capacity of solid medium, ( ) ( ) (1 )( )M f g g f s sC C Cρ φ ρ φ ρ= + − , 
and ρs the mass density of coal matrix.

The conservation of mass of the two-phases can be written:
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Considering (1– ϕ)λs ≫ ϕλs and λM ≈ (1– ϕf)λs ≈ λs, then yields:
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The full coupled model can be used to analyze the temperature process. The cross 
coupling variable (porosity and permeability) connects different physical fields.
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Model establishment  
and  
numerical simulation

Model establishment

In order to analyze the effect of tempera-
ture on the gas extraction, a calculation model 
is established as shown in fig. 1. The length is 
100 m and width is 100 m. The four boundar-
ies are restrained by normal displacement. The 
zero fluxes are applied to these boundaries. The 
initial pressure is 3 MPa, the initial temperature 
of the coal seam is 363 K. The drainage pres-
sure is 0.1 MPa and the temperature is 303 K. 
A monitoring line is selected in diagonal line 
of coal mass to study the change law of coal 
permeability and gas pressure.

Temperature evolution law and gas pressure evolution law

Figure 2 shows the temperature distribution at different production times. The tem-
perature gradually reduces gradually during the extraction process. The temperature maximum 
gradually decreases from 363 K to 319 K at production time from 1 ⋅ 106 seconds to 1 ⋅ 108 
seconds. High temperature accelerate the gas-flow, which is beneficial to the extraction of coal 
seam. Figure 3 shows the evolution of gas pressure with the extraction time. With the increase 
of time, the gas pressure reduces. The gas pressure is affected by the gas content, temperature 
and the permeability of the coal seam. The pressure drop near the borehole is larger, and the gas 
pressure decreases slowly away from the well.
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Figure 1. Computational model and  
schematic diagram
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Figure 2. Distribution of temperature at different times; (a) t = 1e6 s, (b) t = 1e7 s,  
(c) t = 5e7 s, and (d) t = 1e8 s
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Permeability evolution and  
gas pressure distribution

Temperature has a significant influence 
on the porosity and permeability. Figure 4 
shows the evolution law of permeability un-
der the condition of temperature. The initial 
permeability is 1 ⋅ 10–18 m2 before drilling. Due  
to pressure drop, the permeability around the 
borehole increased due to the gas desorption. 
The permeability of boreholes over 30 m chang-
es slowly, which shows that borehole extraction 
has a limited effect on permeability evolution. 
When the temperature is higher, the permeabil-
ity is higher. It indicates the high temperature is 
beneficial to gas extraction.

A bigger difference can be seen from the 
distribution of gas pressure. When t = 1 ⋅ 106 
seconds, the effect of temperature is more ob-
vious around the borehole, but the difference of 
pressure distribution is not obvious when the 
distance is far. When t = 1 ⋅ 108 seconds, the 
difference of pressure distribution is very ob-
vious. Temperature affects the gas adsorption, 
and then affects the distribution of gas pressure. 
The gas pressure maximum is 1.8 MPa and  
0.9 MPa when the temperature is 323 K and 
363 K, respectively.
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Figure 3. Distribution of gas pressure at different times; (a) t = 1e6 s, (b) t = 1e7 s,  
(c) t = 5e7 s, and (d) t = 1e8 s

Figure 4. Distribution of permeability ratio at 
different cases

Figure 5. Distribution of gas pressure at 
different cases
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Conclusion

The temperature has a significant impact on the coal seam gas extraction. A fully cou-
pled model is established in this study, which takes into account the coal-gas interaction char-
acteristic. The numerical result shows that high temperature accelerates the gas-flow, which is 
beneficial to the extraction of coal seam. The temperature maximum gradually decreases from 
363 K to 319 K at production time from 1 ⋅ 106 seconds to 1 ⋅ 108 seconds. Temperature affects 
the gas adsorption, and then affects the distribution of gas pressure. The gas pressure maximum 
is 1.8 MPa and 0.9 MPa when the temperature is 323 K and 363 K, respectively.

Acknowledgment

This study is sponsored by the National Natural Science Foundation of China (No. 
51679199), the Foundation for Higher Education Key Research Project by Henan Province 
(No. 19A130001), the China Postdoctoral Science Foundation (No. 2018M633549), the Ph. 
D. Programs Foundation of Henan Polytechnic University (No. B2018-65), the Special Funds 
for Public Industry Research Projects of the Ministry of Water Resources (No. 201501034-04 
and 201201053-03), the Initiation Fund of Doctor’s Research (No. 107-451117008) and the 
Key Laboratory for Science and Technology Coordination & Innovation Projects of Shaanxi 
Province (No. 2014SZS15-Z01).

Nomenclature

References
[1]	 Chen, D., et al., Dependence of Gas Shale Fracture Permeability on Effective Stress and Reservoir Pres-

sure: Model Match and Insights, Fuel, 139 (2015), 1, pp. 383-392
[2]	 Yang, X. J., et al., Non-Linear Dynamics for Local Fractional Burgers’ Equation Arising in Fractal 

Flow, Non-Linear Dynamics, 84 (2016), 1, pp. 3-7
[3]	 Xue, Y., et al., The Influence of the Backfilling Roadway Driving Sequence on the Rockburst Risk of a 

Coal Pillar Based on an Energy Density Criterion, Sustainability, 10 (2018), 8, pp. 2609
[4]	 Zhou, A., et al., Influence of Gas Ventilation Pressure on the Stability of Airways Air-Flow, International 

Journal of Mining Science & Technology, 28 (2018), 2, pp. 297-301
[5]	 Lin, B., et al., Solid-Gas Coupling Model for Coalseams Based on Dynamic Diffusion and Its Application, 

Journal of China University of Mining & Technology, 47 (2018), 1, pp. 32-39
[6]	 Cao, Z., et al., Control Mechanism of Surface Subsidence and Overburden Movement in Backfilling 

Mining based on Laminated Plate Theory, Computers, Materials & Continua, 53 (2017), 3, pp. 187-202
[7]	 Tulu, I. B., et al., Analysis of Global and Local Stress Changes in a Longwall Gateroad, International 

Journal of Mining Science and Technology, 28 (2018), 1, pp. 127-135
[8]	 Liu, J., et al., Interactions of Multiple Processes during CBM Extraction: A Critical Review, International 

Journal of Coal Geology, 87 (2011), 3, pp. 175-189
[9]	 Xue, Y., et al., Deformation, Permeability and Acoustic Emission Characteristics of Coal Masses under 

Mining-Induced Stress Paths, Energies, 11 (2018), 9, pp. 2233
[10]	 Warren, J. E., Root, P. J., The Behavior of Naturally Fractured Reservoirs, Society of Petroleum Engineers 

Journal, 3 (1963), 1, pp. 245-255
[11]	 Wu, Y., et al., Gas-Flow in Porous Media with Klinkenberg Effects. Transport in Porous Media, 32 

(1998), 1, pp. 117-137
[12]	 Yang, X. J., et al., Local Fractional Similarity Solution for the Diffusion Equation Defined on Cantor 

Sets, Applied Mathematics Letters, 47 (2015), 9, pp. 54-60
[13]	 Yang, X. J., et al., A New Family of the Local Fractional Pdes, Fundamenta Informaticae, 151 (2017), 1, 

pp. 63-75

k0 	 – initial permeability, [m2]
PL 	 – Langmuir pressure constant, [MPa]

T 	 – initial coal temperature, [K]
VL 	 – Langmuir volume constant, [m3kg–1]



Xue, Y., et al.: Effect of Temperature on Gas Seepage Characteristic ... 
THERMAL SCIENCE: Year 2019, Vol. 23, Suppl. 3, pp. S661-S667	 S667

[14]	 Xue, Y., et al., Evaluation of the Non-Darcy Effect of Water Inrush from Karst Collapse Columns by 
Means of a Non-Linear Flow Model, Water, 10 (2018), 9, pp. 1234

[15]	 Cao, J., et al., Simulation Research on Dynamic Effect of Coal and Gas Outburst, Journal of China Uni-
versity of Mining & Technology, 47 (2018), 1, pp. 113-120

[16]	 Xue, Y., et al., An Elastoplastic Model for Gas-Flow Characteristics around Drainage Borehole Consider-
ing Post-Peak Failure and Elastic Compaction, Environmental Earth Sciences, 77 (2018), 19, 669

Paper submitted: June 10, 2018
Paper revised: August 25, 2018
Paper accepted: September 25, 2018

© 2019 Society of Thermal Engineers of Serbia
Published by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia.

This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions


