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Coal particle size is an important factor affecting the gas emission law. Taking Wangjialing coal mine as the research object, the
particle size distribution of coal mining and caving is analyzed via field tests in order to develop the gas emission theoretical model
from granular coal. We also perform the numerical simulation of the coal body and longwall face gas emission characteristics
under different particles. Finally, the gas emission rules of coal cutting, caving, longwall face, and goaf in Wangjialing coal mine
are analyzed, and the dynamic prediction model, which accounts for the time influence of the coal cutting and coal caving speed
based on the particle size distribution characteristics, is derived. Results demonstrate the wide distribution of the coal particle size
at Wangjialing coal mine, with a higher proportion of small- and large-sized particles. ,e smaller the coal particle size, the faster
the gas emission and the smaller the desorption ratio of coal at ≥ 20mm within 30min. ,e comprehensive emission intensity of
coal mining and caving can be described by an exponential function. ,e initial emission intensity of coal mining is observed to
exceed that of coal caving, while the attenuation laws of the two are essentially equal, and the majority of the gas emission is
completed within 5min.,e error between the results of the multisource dynamic prediction model and the field measurement is
small, which is of practical application significance.

1. Introduction

,e targeted control of mine gas requires the accurate de-
termination of the gas emission quantity and the gas
emission law during the mine production process [1–3]. ,e
source separation prediction method is the most commonly
used approach for predicting the amount of gas emitted in
production mines. However, due to the inhomogeneity of
gas emissions, mines that do not exhibit gas exceeding limits
via the source separation prediction method may also
present local exceeding limits, instantaneous exceeding
limits, and other problems in actual production [4–8].

Numerous computer-based prediction methods have
been proposed over the years [9–14]. Fu et al. [15] developed
a dynamic prediction method of absolute gas emissions

based on the Elman neural network optimized by the ant
colony clustering algorithm. By integrating historical mine
data, the authors established a prediction model of absolute
gas emissions based on the acc-enn algorithm. Liu et al. [16]
proposed an enhanced cart regression algorithm based on a
support vector machine due to its ability to model the output
of each leaf node. Based on the seepage mechanics method,
Zhang et al. [17] derived a formula to predict gas emissions
in the heading face and discussed the accuracy of the pre-
dicted value during the field excavation process. Lv et al. [18]
obtained the key factors affecting the gas emission of the
working face via principal component analysis, which were
then employed for a multistep linear regression to predict
the gas emission of the working face. Zhu et al. [19]
established a gas emission prediction model for the mining
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coal seam, adjacent coal seam, and goaf based on a neural ne
twork and applied it to an actual mine.

,e particle size of coal is considered as an important
factor affecting gas desorption, except for water and tem-
perature [20–29]. In order to investigate the desorption
diffusion characteristics of gas bearing coal under pressure,
Li et al. [30] established a dynamic evolution model of the
gas diffusion coefficient of loaded coal and calculated the vas
diffusion coefficient of coal samples with particle sizes of
0.25–0.5, 0.5–1, and 1–2mm under the axial pressure of
0–12MPa, based on a single and double pore model. Kang
et al. [31] applied a self-designed lump coal adsorption/
desorption experimental device to study the CH4 isothermal
adsorption/desorption characteristics of lump coal with the
same volume of primary structure, cataclastic coal, and
mylonite coal under low pressure and discussed the influ-
ence of the coal structure on CH4 adsorption/desorption. Liu
et al. [32] examined the quantitative relationship between
gas diffusion flux and temperature of coal particles under
different ranks. ,ey determined the correction method and
regression coefficient of gas emission with temperature, as
well as the quantitative variation law of the gas diffusion
coefficient with increasing coal particle temperatures across
different ranks.

Despite the great progressmade by previous research on gas
emission predictions, there is still room for development. In
terms of gas emission predictions, the current separate source
prediction method is not suitable for fully mechanized top coal
caving mining conditions, while prediction methods based on
mathematical models do not fully consider the key influencing
factors and time dynamic effect of gas emission, and thus, the
results cannot accurately guide the field practices.Moreover, the
majority of studies on the key influencing factors of gas
emission focus on the gas desorption law under the conven-
tional standard coal particle size, ignoring the actual coal particle
size distribution in the field. In the actual production process,
the nonuniform coal particle size will inevitably have an impact
on the gas emission law. For the fully mechanized top coal
caving mining method, research on the difference between the
gas emission law of coal mining and caving is limited, and the
dynamic prediction model based on these laws considering the
coal caving and coal wall exposure time also requires work.

In this paper, we select Wangjialing coal mine as the
research object to test the particle size distribution of the
fully mechanized caving face via image recognition and
statistical methods. Furthermore, numerical simulations are
performed to investigate the gas desorption law under the
coal particle size distribution and to determine the variations
in gas emission intensity. ,e dynamic prediction model of
multisource gas emission in a fully mechanized top coal
caving mining is then mathematically derived considering
the key factors of gas emission. We verify the model by field
data. Our work provides a basis for the prediction, law, and
control of gas emission in fully mechanized mining, par-
ticularly caving mining.

,e principle coal seam ofWangjialing coal mine is a No.
2 coal seam, with a mining height of 6m. ,e original gas
content of the coal seam is only 3.19–5.41m3/t, indicating a
typical gas mine with high gas content caused by high

strength mining in a low gas coal seam. Key gas sources
include coal cutting, coal caving, longwall face, and goaf.

2. Materials and Methods

2.1. Coal Size Distribution Measurements in a Fully Mecha-
nized Workface. ,e particle size distribution exerts a great
influence on the gas emission law of coal falling, and thus, the
actual particle size distribution of coal falling should be de-
termined through testing. Wangjialing coal mine adopts the
comprehensive caving method. ,e caving coal is broken by
the shearer drum, while during caving, the caving coal is
broken naturally. ,e crushing methods required for both
processes are distinct, and therefore, the particle size distri-
bution of coal caving and caving should be analyzed separately.

,e equipment used in the particle size distribution tests
include a mine explosion-proof camera, camera overhead
frame, explosion-proof fill light, and ruler. ,e testing
process is described in the following. ,e camera was fixed
with the overhead frame, placing the ruler flat above the
falling coal (Figure 1), using the overhead frame to keep the
camera line of sight perpendicular to the coal body and to
minimize the imaging deformation during the shooting
process. ,e coal mining (front scraper) and coal caving
(rear scraper) in the Wangjialing 12322 face were photo-
graphed separately. ,e collected images were then analyzed
in the laboratory. Image Pro Plus was applied to analyze the
particle size of coal in the image, with the length of A4 paper
(297mm) as the measuring scale. Based on this, the unit of
the scale was set and generated, and the measurement range
was adjusted via a mouse on the image. ,e values required
to measure the coal particle size were then automatically
generated (Figures 1 and 2).

In order to avoid measurement errors, field tests were
repeated four times on May 20, May 26, August 12, and
August 17, 2019. ,e average measurements of the four tests
were employed to plot the histogram of the particle size
distribution (mass ratio) for the front scraper and rear scraper
coal bodies (Figures 3 and 4, respectively). ,e grain size of
the coal cutting and coal caving is observed to lie within
20–60mm, with coal mining and coal caving accounting for
52.1% and 69.8%, respectively.,e proportion of coal taken at
0–20mm (18.5%) exceeds that of the discharged coal (7.3%),
while the 60–100mm mining falling coal (20.3%) and caving
coal (22.1%) both have the second largest proportion, and the
proportion of caving coal (0.8%) above 100mm is minimal.
,e grain size distribution of coal mining is more dispersed
than that of coal caving and also exhibits a higher proportion
of small- and large-sized particles. ,ese differences may be
related to different coal breaking methods.

2.2. Gas Emission Intensity of the Coal Particle/Body

2.2.1. <eoretical Model of Coal Gas Emission. As described
in Section 1, coal particle gas adsorption and atmospheric
emptying experiments are commonly used to test coal
particle gas emissions in the laboratory. However, the time
required to reach a gas adsorption equilibrium for large-
scale coal particles increases exponentially with the number
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Figure 1: Measuring process of coal particle size. (a) Field shooting and ruler placement. (b) Coal size measurement.

(a) (b)

Figure 2: Test image processing. (a) Particle size image analysis of front scraper coal. (b) Particle size image analysis of backward scraper
coal.
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Figure 3: Histogram of coal particle size in coal mining (forward scraper).
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of coal particles or even more than a few months. ,us, we
adopt numerical calculations to determine the coal particle
gas emission theoretical model.

,e relationship between the free gas pressure and gas
concentration can be calculated using the ideal gas state
equation:

C �
p

ZRT
, (1)

where p is the gas pressure, Z is the gas compression factor,
R is the gas constant, and T is the experimental temperature.

Moreover, the gas adsorption law can be determined
using Lang’s adsorption equation:

Va �
V0p

PL + p
, (2)

where Va is the gas adsorption volume, V0 is Lang’s ad-
sorption capacity, and PL is Lang’s adsorption pressure.

For each unit volume of coal particles, the total amount
of gas adsorption is taken as

mm � ma + mf, (3)

where ma is the mass of the adsorbed gas and mf is the mass
of the free gas in the coal body pore, and is calculated as
follows:

ma � Vaρcρsg,

mf �
ΦpM

ZRT
,

(4)

where ρc is the density of granular coal, ρsg is the standard
state gas density, Φ is the coal porosity, and M is the molar
mass of gas. ,us, mm can be expressed as

mm �
V0ZRTC

PL + ZRTC
ρcρsg +ΦCM. (5)

For a unit coal body, during the gas emission process, the
amount of diffused gas emission is equal to the change of gas
content in the coal body. According to the law of mass
conservation and the law of Fick diffusion, we have

zmm

zt
+ ∇ · (−DM∇C) � 0. (6)

,e gas diffusion and emission in unit particles can then
be obtained as follows:

V0PLZRTρcρsg

PL + CZRT( 􏼁
2

zC

zt
+
ΦM

ZRT

zC

zt
+ ∇ · (−DM∇C) � 0. (7)

,e geometry of the simulation object is subsequently
established in the numerical simulation software, and the
boundary conditions and initial conditions are given as

C � Cf,

∇C n
→

� 0
on zΩ ,

⎧⎨

⎩

C � C0 in zΩ ,

(8)

whereΩ is the particle coal boundary, Cf is the variation law
of the gas pressure outside the coal, to the actual situation on
the spot, and Cf � 0.1MPa. At t, the gas mass emitted from
the granular coal is equal to the volume fraction of the gas
mass in all unit coal bodies:

Mt � 􏽚 􏽚 􏽚
V0ZRTC

PL + ZRTC
ρcρsg +ΦCM􏼠 􏼡

t

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌
. (9)

2.2.2. <e Law and Strength of Coal Grain Gas Emission.
Based on the theoretical model derived in the previous
section, COMSOL Multiphysics is used to simulate the gas
emission law of coal under different particle sizes. ,e shape
of the coal particle is taken as a cube, and the size is taken as
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Figure 4: Histogram of coal particle size in coal caving (backward scraper).
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the intermediate value of each particle size range. Table 1
reports the parameters used in the numerical simulation,
selected from the real parameters of Wangjialing coal mine
to ensure the accuracy of the calculation results.

,e residence time of falling coal in the working face does
not typically exceed 30min; thus, we take 1800 s as the
simulation time period to analyze the changes in coal particle
gas content and gas emission. In order to facilitate the analysis
procedure, we select five horizontal sections of the coal
particle gas content.We initially compare the variations in gas
content at 10, 20, and 30min for 0–5, 5–20, and 20–60mm
coal particles (Figure 5). ,e majority of the gas in the
0–5mm coal particles is desorbed and gushed at 10min, while
for the 5–20mm particles, this does not occur until 30min.
,e gas content in some areas of the 20–60mm coal particles
remains unchanged during the whole transportation process,
with the exception of very few areas near the surface. ,e
results indicate that, as the coal particle size increases, the gas
emission is directly related to the specific surface area of the
coal, and the larger the scale, the smaller the gas emission.

Figure 6 presents the relationship between the gas
emission intensity and time across different coal particle
sizes, where each curve is fitted by the appropriate model.

Although the shape of the gas emission intensity varies
slightly with time, all curves are fitted using the exponential
function y� α·exp−βt c, demonstrating correlation coeffi-
cients above 0.9 (Table 2). ,e smaller the particle size of the
coal body, the larger the value of α and c, indicating that
initial increases of α are enhanced with the decreasing coal
particle size, while β decreases with the coal particle size,
indicating the increase in the gas emission attenuation rate.

2.2.3. <e Law and Strength of Gas Emission in the Longwall
Face of a Fully Mechanized Caving Face. Based on the
theoretical model derived in Section 2.2.1, COMSOL Multi-
physics is employed to simulate the dynamic emission law of
the longwall face gas with exposure time in a fully mechanized
caving face. In addition, a longwall face with a unit length of
4m is established. ,e coal wall height is 3m, and the top coal
span is 5m.,e exposed longwall face is divided into the head-
on longwall face and top longwall face. Figures 7 and 8 present
the simulation process and calculation results, respectively.

,e amount of gas emitted in the longwall face is generally
observed to decrease as time increases. At the early stage of
exposure, the decrease rate is steep and subsequently stabilizes
in the later period. ,e fitting equation of the longwall face gas
emission curve is determined as V� 1.90764e−0.0023t+0.50677,
with a correlation coefficient R2 of 0.99978.

3. Results

3.1. Prediction Model of Gas Emission from Coal Mining.
,e amount of coal gas emitted is generally a function of the
coal quantity, analytical strength and exposure duration, and
time of exposure. ,ere is a clear relationship between the
analytical strength and the particle size and exposure time of
coal during the fully mechanized caving mining process,
which can be described as

Qc � 􏽚
tc

0
dVc · Mc, (10)

where dVc is the gas emission intensity at dt time for coal
caving at different particle sizes, Mc is the coal mining
weight, and tc is the time of coal transportation, that is, the
time when the coal falling body is transported out of the
working face through the scraper conveyor and the belt.

Based on the gas emission intensity equation under
different particle sizes and the proportion of different par-
ticle sizes in coal mining, we can conclude that

dV � f1 α1e
− β1t

+ c1􏼐 􏼑 + f2 α2e
− β2t

+ c2􏼐 􏼑􏽨

+ f3 α3e
− β3t

+ c3􏼐 􏼑 + f4 α4e
− β4t

+ c4􏼐 􏼑 + f5 α5e
− β5t

+ c5􏼐 􏼑􏽩dt,

(11)

where α/β/c is the coal gas emission coefficient at different
particle sizes based on the fitted curves of the gas emission
intensity with time, t is the time of gas released in coal
mining, and f is the distribution of coal across different
particle sizes:

Mc � hcρdvc, (12)

where hc is the working face mining height, ρ is the coal
density, d is the shearer cutting depth, and Vc is the coal
cutting speed.

Equation (11) can be simplified based on the relationship
between gas emission intensity and time of different ratio
and particle size before. ,is allows us to calculate the
strength of the combined gas emission of each particle size
for t� 0, 1, 2, 3, ..., 30min. Figure 9 presents the relationship
between the time and intensity of comprehensive gas
emissions. By fitting at the origin, the equation of t andV can
be obtained as follows:

Vc � αe
− βt

+ c, (13)

where α/β/c is the coefficient of comprehensive gas emis-
sions from coal mining, with α� 0.02849, β� 0.98023, and
c � 0.00265.

,e integral of t can be determined by substituting
equations (12) and (13) into equation (10):

Qc � hcρdvc

α
β

1 − e
− βtc􏼐 􏼑 + ctc􏼢 􏼣. (14)

3.2. Prediction Model of Gas Emission from Coal Caving.
In fully mechanized caving mining, the gas emission
equation for caving coal is consistent with that of coal
mining:

Qf � 􏽚
tf

0
dVf · M

f
, (15)

where dVf is the gas emission intensity of coal caving at dt
under different particle sizes, Mf is the weight of the coal
caving, and tf is the time to transport caving, that is, the time
spent when the coal caving is transported out of the working
face through the scraper conveyor and the belt. In particular,
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Mf � dvfρ hf − hz(1 − R)􏽨 􏽩, (16)

where hf is the coal caving height, hz is the total mining
height, R is the recovery rate, ρ is the coal density, d is the
coal caving step, that is, the shearer cutting depth, and Vf is
the coal cutting speed.

Figure 10 presents the relationship between the time and
intensity of the comprehensive gas emission based on the
calculations in Section 3.1. ,e relationship between V, t,
and coal under different particle sizes for comprehensive gas
emissions can be described as follows:

Vf � αe
− βt

+ c, (17)
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Figure 5: Variations in the gas content at the coal grain.

Table 1: Gas foundation parameters of Wangjialing coal mine.

Parameter Value
Lang’s adsorption capacity 29.2E−3m3/kg
Lang’s adsorption pressure 0.95MPa
Gas diffusion coefficient 1.52E−10m2/s
Porosity of coal 4.2%
Parameter Value
Coal density 1.41E3 kg/m3

Temperature 21°C
Original gas pressure 0.19MPa
Original gas content 4.86m3/t

6 Shock and Vibration



0–5 mm
Fitted curve

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
G

as
 em

iss
io

n 
in

te
ns

ity
/ (

m
3 /(

t·m
in

))

302520151050
Time (min)

(a)

5–20 mm
Fitted curve

0.000

0.005

0.010

0.015

0.020

0.025

G
as

 em
iss

io
n 

in
te

ns
ity

/ (
m

3 /(
t·m

in
))

5 10 15 20 25 300
Time (min)

(b)

20–60 mm
Fitted curve

0.0012

0.0014

0.0016

0.0018

0.0020

0.0022

0.0024

G
as

 em
iss

io
n 

in
te

ns
ity

/ (
m

3 /(
t·m

in
))

5 10 15 20 25 300
Time (min)

(c)

60–100 mm
Fitted curve

0.00046

0.00048

0.00050

0.00052

0.00054

0.00056

0.00058

0.00060

0.00062

G
as

 em
iss

io
n 

in
te

ns
ity

/ (
m

3 /(
t·m

in
))

5 10 15 20 25 300
Time (min)

(d)

100–200 mm
Fitted curve

0.00032

0.00033

0.00034

0.00035

0.00036

0.00037

0.00038

0.00039

G
as

 em
iss

io
n 

in
te

ns
ity

/ (
m

3 /(
t·m

in
))

5 10 15 20 25 300
Time (min)

(e)
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Table 2: Fitting equations of the gas desorption strength curve for coal particle size.

Particle size (mm) Fitting equation Correlation coefficient R2

0–5 V � 0.36446e−(−t/0.86571) + 0.01309 0.90
5–20 V� 0.01619e−(−t/5.78089) + 0.00468 0.97
20–60 V � 0.00126e−(−t/16.35778) + 0.00113 0.99
60–100 V � 0.00023e−(−t/42.62183) + 0.00036 0.99
100–200 V � 0.00006e−(−t/126.05799) + 0.00011 0.99
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Figure 7: Variations in the of gas content of coal.
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where α/β/c is the comprehensive gas emission coefficient of
coal caving, with α� 0.01235, β� 0.9145, and c � 0.00193.

Equations (16) and (17) can be substituted into equation
(15) to obtain integral t as follows:

Qf �
α
β

1 − e
− βtf􏼐 􏼑 + ctf􏼢 􏼣ρdvf hf − hz(1 − R)􏽨 􏽩. (18)

3.3. Prediction Model of Gas Emission in Goaf. In order to
investigate the gas emission law and corresponding pre-
dictionmodel of a fully mechanized caving face, wemake the
following assumptions: (1) the residual coal is uniformly
distributed in the goaf; (2) the coal left in the goaf is the left-
over caving coal; (3) the gas source of the goaf in the working

face is the gas released by the coal left in a pressure cycle; (4)
the ratio of the gas emission in the goaf to the total gas
emission in the goaf under the same mining conditions is
fixed.

,e effective gas reserves in the goaf can be described as

Qc � 􏽚
t

0
dV · My, (19)

whereQc is the effective gas reserves in the goaf, dV is the gas
emission intensity of coal with different particle sizes, My is
the coal retention, and t is the coal exposed duration in the
goaf.

Assumption (2) considers the coal left in the goaf to be
the coal left from the caving coal, and thus, equation (11) can
be used to derive the gas emission intensity under different
particle sizes as follows:

Vy � αe
− βt

+ c, (20)

where α/β/c is the comprehensive gas emission coefficient of
coal caving, with α� 0.01235, β� 0.9145, and c � 0.00193. In
particular, we have

My � (1 − R)l0hzρl, (21)

where l0 is the length of the working face and l is the
propulsion distance of the working face within a pressure
cycle. By substituting equations (20) and (21) into equation
(19), the integral of t can be obtained:

Qc �
α
β

1 − e
− βt

􏼐 􏼑 + ct􏼢 􏼣(1 − R)l0hzρl. (22)

Based on the drainage measures adopted by Wangjialing
mine for goaf gas and assumption (4), the proportion of goaf
gas emissions to the total goaf gas emissions is fixed under
the same mining conditions. ,is fixed proportion is
denoted as θ, and the gas emission factor is as follows:
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Qk � θ Qkz − Qc( 􏼁 � θ
α
βt

1 − e
− βt

􏼐 􏼑 + c􏼢 􏼣(1 − R)l0hzρl − θQc,

(23)

where Qc is the total gas extraction in the goaf and θ is the
proportional factor of the gas emission, that is, the gas
emission percentage from the goaf to the total gas release
(excluding drainage) in the goaf.

3.4. Gas Emission Prediction Model for the Longwall Face.
Based on the simulation results in Section 3.3, the coal wall
gas emissions in a fully mechanized caving face can be
described as

V � αe
− βt

+ Y, (24)

where t and α/β/c are the exposed time and gas emission
coefficient of the longwall face, respectively, with α� 1.9,
β� 0.0023, and c � 0.5.

Considering the time effect in the gas emission process
from the longwall face, combined with the initial numerical
calculation parameters, the total amount of gas emitted from
the longwall face exposed from 0 to t is

Qb′ �
hc

3
×
s
3

×
l0

300
􏽚

t

0
αe

− βt
+ c􏼐 􏼑dt. (25)

By integrating t in equation (25), we have

Qb′ �
hcsl0
2700

α
β

1 − e
− βt

􏼐 􏼑 + ct􏼢 􏼣, (26)

and the amount of coal wall emissions per unit time is
described as

Qb �
hcsl0
2700

α
tβ

1 − e
− βt

􏼐 􏼑 + c􏼢 􏼣, (27)

where s is the top support length of the hydraulic support
and t is the exposure time of the longwall face, t� 2l0/vc + t0
and t0 is the clearance time of coal cutting.

4. Field Validation of Prediction Models

4.1. Gas Detection Location and Statistical Method for Gas
Emission. Wangjialing 12322 working face strike length is
1228m, inclined length is 310m, and coal seam inclination is
2–7°. ,e coal seam is stable, the coal thickness is
5.90–6.45m, the average is 6.2m, the working face actually
enters 8 knives every day, and the ruler is 6.4m.

Figure 11 presents the layout of the gasmonitoring probe
in the coal mining face. ,e three probes are arranged in the
lower corner (T3), upper corner (T1), and return air roadway
(T2), respectively. As the working face moves forward, the
position of the probe moves correspondingly, yet the relative
position remains unchanged.

(1) Calculation of gas emission Qb from the coal wall:
① Calculation of gas emission Qb1 from the coal wall of

the air inlet roadway: Qb1 can be calculated as
follows:

Qb1 � C31q31, (28)

whereQb1 is the gas emission from the coal wall of the
air intake roadway, m3/min, C31 is the gas concen-
tration observed by probe T3 during the preparation
process, %, and Q31 is the air volume observed by
probe T3 during the preparation process, m3/min.

② Calculation of gas emission quantity Qb2 from the
coal wall of the mining face: Qb2 is determined based
on the observation values of probe T1 and T3 during
the preparation process:

Qb2 � C11q11 − C31q31( 􏼁 − QK, (29)

where Qb2 is the gas emission from the coal wall, m3/
min, C11 is the gas concentration observed by probe
T1 during the preparation process, %, Q11 is the air
volume observed by probe T1 during the preparation
process, m3/min, andQK is the gas emission from the
goaf, m3/min. Note that QK is 0 when the goaf is not
formed in the early stage of mining.

③ Calculation of gas emission Qb3 from the coal wall of
the return air roadway: at the early stage of mining and
prior to the formation of the goaf, Qb3 is determined
based on the observation values of probes T1 and T2:

Qb3 � C23q1 − C13q1, (30)

where Qb3 is the gas emission from the coal wall of
the return air roadway, m3/min, C23 is the gas
concentration observed by probe T2 during the
preparation process at the initial stage of mining, %,
C13 is the gas concentration observed by probe T1
during the preparation process at the initial stage of
mining, %, and Q1 is the air volume observed in the
return air roadway during the initial preparation
process of mining, m3/min.

(2) Calculation of gas emission QL during coal mining:
QL can be calculated as follows:

QL � q2ΔC1, (31)

where QL is the gas emission from coal caving, m3/
min, ΔC1 is the gas concentration difference ob-
served by probe T1 during the coal mining and
preparation processes, %, and Q2 is the air volume of
the mining face, m3/min.

(3) Calculation of gas emission QK in the goaf:
Under normal gas geological conditions, the dif-
ference between the total amount of gas emission
observed by probe T1 before and after the formation
of the goaf is equal to the amount of gas emissionQK:

QK � C12q12 − C13q13, (32)

where QK is the gas emission from the goaf, m3/min,
C12 is the gas concentration observed by probe T1
during the post-goaf formation coal mining process,
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%,Q12 is the air volume observed by probe T1 during
the post-goaf formation coal mining process, m3/
min, and Q13 is the air volume observed by probe T1
during the coal mining process prior to the for-
mation of the goaf, m3/min.

4.2. Comparison of FieldMeasurements andModel Prediction
Results. ,e field measured gas emissions were obtained via
data from the gas monitoring probe in the 12322 working face
during early July, mid August and mid September, 2019. ,e
data in the nonproduction period were eliminated. ,e pro-
posed predictionmodel, based on equations (14), (18), (23), and
(27), was employed to derive the predicted gas emission results
using the relevant parameters of the 12322 working face in
Wangjialing mine.

Table 3 compares the field measurements and model
predictions. ,e comparison and verification of the field data
statistics andmodel calculation results are applied to determine
a total emission error of 6.04–7.09%, coal wall emission pre-
diction error of 4.93–7.27%, coal caving emission prediction
error of 5.94–7.84%, goaf prediction error of 3.42–8.91%, and a
gas emission prediction error from all sources lower than 10%.
,is indicates the strong reliability and accuracy of the gas
emission dynamic prediction model.

5. Discussion

With a focus on the fully mechanized top coal caving
mining face and coal particle size, a key factor affecting the

gas emission, this paper tests the coal particle size dis-
tribution in a fully mechanized top coal caving mining
face. Variations in the coal gas emission intensity are
investigated, and the dynamic prediction model of mul-
tisource gas emissions in a fully mechanized top coal
caving mining is further constructed.

At present, there are no fully developed methodologies
for the measurement of coal particle size in coal mining
faces. In the current paper, we propose image recognition
technology to identify the coal particle size, with the ability
to reflect the coal particle size distribution to a certain extent.
However, the proposed method faces several limitations. For
example, the large number of samples required to support
the method reduces its applicability, and two-dimensional
surface image recognition cannot fully characterize the
spatial distribution of coal particle size.

We employ numerical simulations to evaluate the coal
gas emission intensity, and the results provide a basis for the
establishment of the subsequent model. However, due to the
simplification of the actual conditions in the numerical
simulation, the calculation results still differ to those from
the actual situation. In order to solve this problem, we
performed the further optimization of the existing results by
means of physical experiments, improving the reliability and
accuracy of the results.

Unlike existing prediction models, the proposed dy-
namic prediction model of multisource gas emissions for
fully mechanized top coal caving mining takes full account
of the particle size of coal and the dynamic time effect of gas

T3

T1 T2

Mining direction

Intake airflow roadway

Return airflow roadway

Airflow direction

Working face

Figure 11: Layout of the gas probe in the coal mining face.

Table 3: Error ratio of field data to model calculations.

Time Gas source Field measurement (m3/min) Model prediction (m3/min) Error (%)

Early July

Coal wall 2.09 2.22 6.22
Drop coal 3.03 3.21 5.94

Goaf 1.01 1.10 8.91
Total 6.13 6.53 6.53

Mid August

Coal wall 2.20 2.36 7.27
Drop coal 3.15 3.35 6.35

Goaf 1.14 1.24 8.77
Total 6.49 6.95 7.09

Mid September

Coal wall 2.23 2.34 4.93
Drop coal 3.06 3.30 7.84

Goaf 1.17 1.21 3.42
Total 6.46 6.85 6.04
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emissions, making it more suitable for real applications.
,en, we verify the prediction model using field tests and
compare the differences between the fieldmeasurements and
model prediction results.

6. Conclusion

(1) ,e particle size distribution range of mined coal is
observed to be more dispersed, with a higher pro-
portion of small- and large-sized particles compared
to the particle size distribution of caving coal. ,ese
differences may be related to the distinct coal
breaking methods.

(2) ,e smaller the coal particle size, the faster the gas
emission. ,e gas in 0–5mm coal particles is es-
sentially desorbed within 10min, while the de-
sorption ratio of the ≥ 20–60mm coal particles is
very low during the initial 30min.

(3) ,e comprehensive emission intensity of coal
mining and coal caving in the Wangjialing coal mine
can be described with an exponential function. ,e
initial emission intensity of coal mining exceeds that
of coal caving, yet the attenuation laws of the two
processes are essentially equal within 30min.

(4) According to the research results of coal particle size
distribution characteristics and gas desorption law,
through mathematical derivation, the prediction
models of gas emission from mining coal, caving
coal, goaf, and coal wall are established, respectively.

(5) ,rough on-site gas concentration monitoring and
calculation, the prediction results of gas emission
from various sources are verified in early July, mid
August, and mid September, and the error between
the predicted results and the field data is within a
reasonable range.
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