Hindawi

Shock and Vibration

Volume 2021, Article ID 5527250, 19 pages
https://doi.org/10.1155/2021/5527250

Research Article

Hindawi

Study on the Parameter Equation of Coal and Gas Outburst Hole

Fei Wang , 12 Yuzhong Yang ! Liyun Wu ,! Han Meng ,! and Lei Peng1

!School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454003, China
’Bureau of Emergency Management of Liupanshui, Liupanshui 553000, Guizhou, China

Correspondence should be addressed to Yuzhong Yang; jityyz@hpu.edu.cn

Received 7 January 2021; Revised 4 February 2021; Accepted 27 February 2021; Published 19 March 2021

Academic Editor: Gong-Da Wang

Copyright © 2021 Fei Wang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Studying the parameters of a coal and gas hole (CGOH), such as the hole shape, hole size and volume, coal quantity of CGOH, coal
throw distance, calculated hole density, and gas pressure, is helpful in revealing the coal and gas outburst mechanism. In this study,
we found that there were close mathematical relationships between these parameters. A nonlinear composite function relationship
(CGOH parameter equation) was observed between the coal quantity, CGOH volume, and throw distance. The correctness of
these relationships was verified using the Origin software. The stagnation point and inflection point of the parameter curve were
obtained through the derivation of the parameter equation, and the transformation path from coal and gas outburst to coal and gas
extrusion or dumping was clarified. At the same time, the equations of gas pressure, coal quantity, and throw distance are derived.

1. Introduction

Coal and gas outburst (CGO) is a very serious dynamic
phenomenon [1-3]. Many scholars have conducted research
on coal and gas outbursts and unanimously agree with the
hypothesis of the combined effect of coal and gas outbursts.
Based on the comprehensive effect hypothesis, numerous
scholars have carried out a series of CGO simulation ex-
periments in the laboratory [4-10]. Cai et al. [11] first carried
out a three-dimensional simulation test of CGO, using
crushed and sieved compressed coal with a layer thickness of
less than 0.1 mm. Yan et al. [12] used different gases in CGO
simulation tests, which proved that higher gas pressures and
better adsorption/desorption capacities corresponded to
higher outburst strength values. Several researchers con-
ducted outburst simulation tests using self-designed CGO
devices. Thus, Yin et al. [13, 14] performed the delayed
outburst test of uncovering coal in rock cross cut. Xu et al.
[15] carried out the CGO simulation test under different
outburst calibers. Wang et al. [16] performed simulation
tests of CGO under different gas pressures. Sobczyk [17]
used different gases to carry out CGO simulation tests. He
reported that N, required a higher gas pressure than CO, to
cause CGO, while the duration of CO, outburst was longer
under the same gas pressure conditions. Yuan et al. [18]

carried out a CGO simulation test with a self-designed
device and reported that the CGO characteristics of soft
coals were more pronounced than those of hard ones, the
outburst strength was larger, and there was an obvious
sorting phenomenon. Meanwhile, medium-hard coal was
fractured into fragments of only high gas pressures, with no
pronounced sorting phenomenon. However, the mechanical
mechanism of coal and gas outburst still needs to be further
studied.

When studying the CGO mechanism, researchers mainly
focus on the shape of the coal and gas outburst hole (CGOH)
and seldom study the parameters related to the hole and their
relationships [19-29]. The various parameters of the CGOH
(including the coal quantity, volume, calculated density, and
throw distance) are to a certain response to the stress of the
coal body and the energy of CGO. Starting from the CGO
accidents that occurred in Yunnan Province, Guizhou
Province, and Sichuan Province (i.e., YGC) of China, the
CGOH parameters were obtained, sorted, selected, and
analysed. Then, the most appropriate mathematical modelling
method was selected using Matlab, Origin, SPSS, and other
mathematical software. A mathematical model of the CGOH
parameters was established, and the mathematical relation-
ships between them were analysed in an attempt to reveal the
CGO mechanism.
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The death toll of coal mine accidents in YGC ranks
among the top of China’s in 2019; from the perspective of the
national coal production and casualties, Guizhou Province
accounted for 18.98% of the casualties (60 people) with
3.46% of the output, Sichuan Province accounted for
12.025% of the casualties (38 people) with 0.87% of the
output, and Yunnan Province accounted for 7.59% of the
casualties (20 people) with 1.27% of the output. In com-
parison with the YGC, the Inner Mongolia Autonomous
Region accounted for 27.6% of the output with only 2.85% of
the casualties (9 people), as shown in Figure 1 and Table 1,
published on the website of the Provincial Coal Mine Safety
Supervision Bureau (the latest data for 2020 have not yet
been released).

From the perspective of the severity and causes of coal
mine accidents, YGC is the disaster area with major gas
accidents in China; taking Liupanshui City (LPS) of Guizhou
Province as an example, there are the following rules:

(1) LPS is prone to major coal mine accidents. From
2001-2019, there were 70 major coal mine accidents
in Guizhou Province, with 1078 deaths (including 59
major gas accidents and 923 deaths). Among them,
there were 18 major coal mine accidents with 301
deaths (accounting for 25.71% and 27.92% of the
total number of major coal mine accidents in
Guizhou Province) in LPS.

(2) The main cause of coal mine accidents in LPS is gas,
and the gas accidents and CGO accidents both meet
60%. Firstly, 60% of the casualties are caused by gas.
From 1991 to 2020, 1083 coal mine accidents oc-
curred with 2905 deaths in LPS, as shown in Figure 2
and Table 2, of which 1749 deaths (60.2%) were
caused by gas accidents. Secondly, 60% of gas ac-
cidents are CGO accidents. As shown in Figure 3,
from 2010 to 2020, there were 23 gas accidents with
186 deaths in LPS, including 14 CGO accidents and
128 deaths, which account for 60.87% of the acci-
dents and 68.82% of the casualties. Therefore, the
study of CGO is necessary.

2. Study of the CGOH Parameter Equation

2.1. Correlation between Coal Quantity and Throw Distance.
By sorting out and analysing the accident data for 93 out-
burst accidents in the YGC, 79 accident records were
screened out, along with three groups of data of buried
depth, CGO coal quantity, and throw distance, as listed in
Table 3, and a 3D scatter diagram and its projection on three
planes (XY, XZ, YZ) are made, as shown in Figure 4. There
may be linear correlation between coal quantity and throw
distance, as shown by the black line on the YZ plane in
Figure 4. But, there is no linear correlation between buried
depth and coal quantity (XY plane) or between buried depth
and throw distance (XZ plane).

The degree of correlation between coal quantity and
throw distance was further analysed using SPSS17.0 and
origin 2019 to study the correlation degree of coal quantity
and throw distance in 79 accidents, as shown in Table 4 and
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FiGure 1: Coal production and death toll statistics for 23 provinces
in 2019.

Figure 5. Because the two sets of data for the throw distance
and coal quantity did not fit a normal distribution, the
Pearson correlation coeflicient was not suitable for their
correlation. However, the Spearman correlation coefficient
(for two variables) or Kendall coefficient (for three variables)
could be used. As listed in Table 4, the Spearman correlation
coefficient was 0.821, with a significance level of lesser than
0.05, indicating that the positive correlation between the two
was significant. However, although the R-square (COD) and
the adj. R-square are 0.68145 and 0.66817, respectively, the
correlation is not very significant, which only indicates that
they are monotonically correlated, as shown in Figure 5.

Therefore, it was determined that the coal quantity was
positively related to the throw distance Figure 6.

The relationship between throw distance and CGO coal
quantity is not monotonic, but nonlinear, as shown in
Figure 7: (1) with the increase in the amount of CGO coal
quantity, the throw distance increases to the maximum value
and then decreases. (2) When the amount of CGO coal
quantity is the same, the throw distance of shallow buried
depth is obviously larger than that of deep buried depth. (3)
In the middle buried depth (about 300 m), with the increase
in the CGO coal quantity amount, the throw distance will
have a short decline before reaching the maximum value,
then increase to the maximum value, and then, decrease.

In order to further verify the conclusion of Figure 7, the
data of 79 CGO accidents are matrixed and then logarith-
mically meshed, so as to make a 3D colormap surface, as
shown in Figures 8 and 9, showing the same rule. The 3D
colormap surface of buried depth, coal quantity, and throw
distance (XYZ gridding) and a 3D colormap surface of
buried depth, coal quantity, and throw distance (XYZ log-
arithmic gridding) are different representation types of the
three colormap surfaces.
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TaBLE 1: Some gas accidents in YGC.
' Coal mine with . Death  Type of . Coal mine with . Death  Type of
Time accident Severity toll accident Time accident Severity toll accident
Yushe coal mine Larger Shaba coal mine Larger Gas
2010.1.26 (Guizhou) accident > CGo 2016.5.3 (Yunnan) accident 6 explosion
Huachu coal mine ~ Larger Dahebian coal mine Larger Gas
2010.4.5 (Guizhou) accident > €GO 2017.2.27 (Guizhou) accident 9 explosion
Guohekou coal Major Gas Zimujia coal mine Major
2011.8.4 mine (Guizhou) accident 10 explosion 2018.8.6 (Guizhou) accident 13 €GO
2011.3.21 Gf)ld and.sﬂver Mfi)Ol‘ 19 Gas. 2018.10.18 Huanyugn coal mine Ord.mary ) CGO
mine (Guizhou) accident explosion (Sichuan) accident
Xiangshui coal Major Eagle rock well Larger Gas
2012.11.24 mine (Guizhou) accident 23 €GO 2018.10.25 (Sichuan) accident 4 accident
Jinjia coal mine Major Zaowei coal mine  Ordinary Gas
2013.1.18 (Guizhou) accident 13 €GO 2019.4.3 (Yunnan) accident 2 explosion
2013312 Machang coal Major 25 CGO  2019.425  Sawin coal mine Larger 4 CGO
mine (Guizhou) accident (Yunnan) accident
.. . . 1# mine of Tianhong .
2013112 Dahaizi coal mine  Ordinary Gas 2019.6.5 mining salt Ordinary CGO
(Yunnan) accident explosion . accident
(Chongging)
Bailongshan coal Larger Houxin coal mine Larger Gas
2013.12.13 mine 1# (Yunnan) accident 0 €GO 2019.7.28 (Sichuan) accident 3 explosion
Wantian coal Larger . Larger
2014.4.18 mine (Guizhou) accident 7 CGO 2019.7.29  Longwo (Guizhou) accident 4 CGO
Lateritic coal Major Gas Dashu coal mine Larger Gas
2014.4.21 mine (Yunnan) accident 14 explosion 2019.7.31 (Guizhou) accident 7 explosion
2014.5.21 Caoba coal mine La.rger 5 Gas 2019.9.22 Goutou coal mine Ord'mary 1 Gas.
(Yunnan) accident explosion (Yunnan) accident explosion
2014.5.25 Yushe Foal mine La.rger 8 CGO 2019.10.19 Gugnylnshan coal Ord'mary ) CGO
(Guizhou) accident mine (Yunnan) accident
Xinhua coal mine ~ Major Sanjia coal min Larger
2014.6.11 (Guizhou) accident 10 €GO 2019.11.25 (Guizhou) accident 2 €GO
Songlin coal mine ~ Major Gas Guanglong coal min Major
2014.11.27 (Guizhou) accident explosion 2019.12.16 (Guizhou) accident 16 €GO

Ordinary accident <3, 3< larger accident <10, 10< major accident <30, 30< especially major accident.
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F1GURE 2: Number and death toll of coal mine accidents in LPS for
1990-2020.

2.2. Correlations between Calculated Density of CGOH and
Throw Distance. Fifteen CGO accidents were recorded along
with the detailed hole volume, coal quantity, and throw

distance from 79 CGO accidents, as shown in Table 5 and
Figure 10. Because each CGOH was an ellipsoid [30], its
CGOH density was calculated as follows:

Coal quantity  m

CGOHdensity (p) = ——————=—.

= (1)
CGOH Volume v

As shown in Figure 10, two points (No. 35 and 36) with
obvious deviations from the rest of the 15 points and two
points (No. 31 and 41) without throw distance were re-
moved, and the calculated density exhibited a certain
nonlinear relationship with the throw distance.

2.2.1. Research on the Mathematical Model of Correlation
between the Calculated Density of CGOH and Throw
Distance. A mathematical model was established for the
nonlinear relationship between the calculated density of
CGOH and the throw distance. The
hypothesis — solution — verification idea was adopted.

First, the noncumulative probability density curve of a
chi square distribution was introduced, and Excel was used
to produce the correlation curve, as shown in Figure 11. The
probability function of the chi square distribution is rep-
resented as
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TaBLE 2: Five years’s trend statistics of death toll of gas accident in LPS (1991-2020).
Year Death toll of gas accident Total number of deaths in coal mine accidents Percentage
1991-1995 501 753 0.66
1996-2000 712 762 0.93
2001-2005 282 571 0.49
2006-2010 93 538 0.17
2011-2015 137 233 0.59
2016-2020 24 48 0.5

140
120
100 |
80 |
60
40 |

2070

Number of accidents

m Coal and gas outburst
m Gas explosion
Gas suffocation

Death toll

FIGUre 3: Coal mine accidents and deaths from gas outburst, gas explosion, and gas suffocation in LPS for 2010-2020.

1 n2)-1 (- x/2
fx)= 2Tl T (2)
0, x<0.
When n=4,
lxe_(’dz), x>0,
f=1* (3)
0, x<0.

Figures 10 and 11 are significantly similar. Therefore, it is
advisable to assume that the calculated density and throw
distance meet compound equation (4), and then, the cor-
rectness of the hypothesis is verified.

y=C-x-eiD'x. (4)

2.2.2. Mathematical Model Solution. For the convenience of
modelling, 4 points (No. 19, 35, 36, and 61) were removed
from the 15 points, along with 2 points (No. 31 and 41)
without throw distance. As shown in Figure 12, a scatter
diagram of the remaining 9 points was created using the
Matlab software. Because of the nonlinear nature of the
curve, the data for these 9 points are first transformed
linearly [31], as shown in Table 6 and Figure 13, and the
transformation process is shown in (5) and (6). The points
(x9, y9) for accident no. 2 showed extreme deviation and

were eliminated, the remaining 8 points were fitted, and
parameter equation (6) was finally obtained.

y:C'x'e_D‘x:) Z
X
(5)
= C X eiD'X :}ln<X> = lnC -D- X,
X
- X = X,
Y = 1n<l),
‘ ' (6)
eB =C,
A=-D,
y = 28.8324071 - x - ¢ 0065,
(7)

2.2.3. Verification of the Mathematical Model. As shown in
Figure 14, using the custom function compilation function
of ORIGIN 2019 Pro, the new function y=a* x* (exp (-B*
x)) was edited, the initial values of a and b were entered
(a=28.8324071, b=0.065), and the coordinates of the points
were obtained. After the ORIGIN 2019 Pro compiler
(compile) verification was complete (Compile Done!), the
function is called after storage. As shown in Figure 15, the
line point graph of the 9 points was compared with the fitting
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Throw distance (m)

@ Throw distance

FIGURE 4: 3D scatter diagram of buried depth, coal volume, and throwing distance and its projection on three planes.

TaBLE 4: Correlation between CGO coal quantity and throw distance.

Array Spearman’s rho CGO coal quantity Throw distance
Correlation coefficient 1.000 0.821**
CGO coal quantity Sig. (bilateral) — 0.000
N 79 79
Correlation coefficient 0.821** 1.000
Throw distance Sig. (bilateral) 0.000 —
N 79 79

“*When the confidence (double test) is 0.01, the correlation is significant.

100
]
80
—
g
=
L »
o -
9 60
<
=
2]
s Equatiori” a+bx
qua y=
z 40
8 Throw distance
15 ] Weight No weighting
Intercept 2.66823 + 2.86799
20 + Slope 0.14651 + 0.02045
Residual sum of squares 3371.8137
Pearson’s r 0.8255
0 - R-square (COD) 0.68145
Adj. R-square 0.66817
T T T T T T 1
0 100 200 300 400 500 600
Coal quantity (t)

FIGURE 5: Linear correlation between CGO coal quantity and throw distance in 79 CGO accident.

graph of the compiled new function, and their fitting degree d=C.x-e P~

was as high as 0.9064. The correctness of parameter equation

(7) of the mathematical model was proven. m outburst coal quantity (8)
* =7 Volume of coaland gas outburst hole’

2.3. Relationships between Parameters Of CGOH Therefore, the parameter equation of CGOH is

2.3.1. Parameter Equation of Protruding Hole. The parameter d=c.™. e Dmiv. (9)

equation for calculated density and throw distance of CGOH is
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TaBLE 5: Parameters for 15 CGOH.

Accident no. Hole volume (m?) Coal quantity (1) Calculated density (m®/1) Throw distance (m)
2 0.31 117.7 379.68 11.5
17 17.415 327 18.68 165
18 342.7 2619 7.64 160
19 8.7 110 12.64 25
26 55.5 218 3.93 50
30 201.06 150 0.75 30.3
31 3.06 180 58.82 —
35 12.15 970 79.84 113
36 12.57 60 477 7
41 6.28 81.9 13.04 —
42 3.27 238 72.78 19
44 3.14 189 60.19 35
61 4.36 1072 245.87 193
63 7.07 308 43.56 64
72 11.02 540 49 62.95

Throw distance
e 346.0

305.4

300
264.8

250
2242

(m)

200

183.6
150

L 100 143.0

Throw distance

102.4

61.80

21.20

Mo
sl
Buried depth

-19.40

\lg-N
(m)
S

-0.1

i}
= =)

oo
Pl

n

-60.00

i <
- o n
Coal qQuanity (t) a3
Y

FI1GURE 9: 3D colormap surface of buried depth, coal quantity, and throw distance (XYZ log gridding).
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FiGure 10: Point line diagram of the calculated density and throw distance.
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TABLE 6: Linear transformation.
Category Variables  (x1, y1) (2, 02) (%3, 3) (o ya) (K5 95) (e ¥s) (K y7) (%8, y8) (X0, yo)
Raw data x 0.75 3.93 7.64 18.68 43.56 49 60.19 72.78 379.68
y 30.3 50 160 165 64 62.95 35 19 11.5
Zilaemforma“on yix 404 12722646 20.942408 8.8329765 1.4692378 12846939 0.5814919 0.2610607 0.3028864
tTVrv"(‘)nSforma“"“ In (y/x) 3.6988298 2.5433836 3.0417762 2178492 0.3847438 0.2505205 —0.542158 —1.343002 —1.194397
New definition x ~ X=x 0.75 3.93 7.64 18.68 43.56 49 60.19 7278 379.68

and Y

Y=In (y/x) 3.6988298

2.5433836 3.0417762 2.178492 0.3847438 0.2505205 -0.542158 -1.343002 -1.194397

(=}

Sb 100 150 200 250 300 350 400
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=il
9 J
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FIGURE 13: Scatter diagram after linearization of 9 points.
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FIGURE 15: Origin software fitting verification.

where d is the throw distance, m is the CGOH coal quantity,
and v is the volume of CGOH.

2.3.2. Three-Dimensional Figure of CGOH Parameters. A
three-dimensional (i.e., 3D) scatter diagram of the coal
quantity, hole volume, and throw distance (i.e., CGOH
parameters) is shown in Figure 16. The 3D colormap surface
is shown in Figure 17 (XYZ gridding) and 18 (XYZ Log
Gridding). The 3D colormap surface and its nonlinear
surface fitting (Gauss 2D) of CGOH parameters are shown
in Figures 19 and 20, and the 3D colormap surface and its
nonlinear surface fitting (Extreme Cum) of CGOH pa-
rameters are shown in Figures 21 and 22.

The CGOH volume, coal quantity, and throw distance do
satisfy the nonlinear relationship, as shown in Figures 16 and 17.

The specific relationship is shown in Figures 22 and 19,
with the following rules: (1) When the volume of CGOH is
less than 20 or more than 300 m?, the throw distance in-
creases with the increase in coal quantity, and the throw
distance with the volume of CGOH is more than 300 m’
which is obviously greater than that with the volume of
CGOH less than 20 m®. (2) When the volume of CGOH is

100

Throw distance (m

@ Throw distance

FIGURE 16: 3D scatter diagram of CGOH volume, coal quantity,
and throw distance and its projection on three planes (XYZ
gridding).

between 20~300m’, the throw distance increases rapidly
with the increase in coal quantity, then decreases, and finally,
increases slowly.
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FIGURE 18: 3D bars of CGOH parameters (XYZ log gridding).

As shown in Figures 19-21 and 23, the nonlinear fitting
curve Gauss2D (mesh surface, degree of fit 95.53%) and
Extreme Cum (mesh surface, fitting degree 95.298%) was
used to fit the 3D colormap surface of CGOH parameters,
and it was found that the 3D colormap surface of CGOH

parameters was closer to a part of the two-dimensional
Gaussian function (i.e., Gauss 2D) graph, and the two-di-
mensional Gaussian function is shown in (10), so CGOH
volume, coal amount, and throw distance satisfied equation

11).
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FIGURE 19: 3D color mapping surface of hole parameters and its nonlinear surface fit (Gauss2D).
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2.4. Application of the CGOH Parameter Equation

2.4.1. Stagnation Point and Inflection Point in the CGOH
Parameters Equation. The derivation of the CGOH pa-
rameter equation is shown in (12), and the solution is shown
in (13) when the first derivative is zero. At the same time, the
change in throw distance Y in the definition domain of
calculated density X of the hole is obtained, which increases
monotonically on the top and decreases at a single point on
the top. See (14) for details.
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. (13)
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D
1 !
X € (O’B]’ y 20,
(14)

1 '
€l —+ , <0.
X (D OO) y

The second derivative of (12) is derived again and is
shown in (15). When the second derivative is zero, the
solution is (16). At the same time, the concavity and con-
vexity of throw distance Y in the domain (1/D, +00) of hole
calculation density X are obtained, as shown in (17). The
curve of the outbursting hole parameters is still monoton-
ically decreasing in (1/D, +00), concave in (1/D,2/D), and
convex in (2/D, +00). See Figure 24 for details.
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Therefore, there are stagnation points in the calculated
density of holes. The stagnation point of the calculated density
of holes corresponding to the maximum throw distance is
x = (1/D), the inflection point of the calculated density of
holes is x = (2/D), and the abscissa of the inflection point is
twice that of the abscissa of the stagnation point.

2.4.2. Conversion Path from CGO to Coal and Gas Pour Out
or Press Out. For the CGOH parameter equation

y =C-x-e P* from the mathematical point of view, when
the calculated density of CGOH approaches infinity, the
throw distance tends toward zero, from which the following
conclusions are drawn:

(1) When the calculated density of CGOH approaches
infinity, the CGO turns into the extrusion or
dumping of coal and gas. In other words, an increase
in the density of the CGOH is the precondition or
transformation path from CGO to coal and pour out
or press out.

(2) The inflection point is the critical point for a CGO to
turn into coal and gas pour out or press out.

(3) (0,2/D] is the calculated density of CGOH, which is
gradually converted to coal and gas pour out for
(2/D, +00). With a further increase in the calculated
density, it is finally converted to coal and gas press
out.

3. Relationship between Gas Pressure and the
CGOH Parameter Equation

According to the experiment conducted by M. Cheng [32],
the gas pressure and CGOH parameters are shown in
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Figure 21: 3D colormap surface of CGOH parameters and its nonlinear surface fit (Extreme Cum).
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Table 7. Different functions are used to fit the gas pressure
and CGOH volume. Four functions are appropriate, which
are Lognormal, Boltzmann, Slogisticl, and Slogistic3,

FiGUure 24: Conversion path of coal and gas outburst to pour out or press out.
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respectively. Slogisticl and Slogistic3 are the best fitting
curves, especially Slogistic3 (x, a, b, k), as shown in

Figures 25-28 and (18).
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TaBLE 7: Experimental statistics of gas pressure and volume of CGOH.
Number of tests 1 2 3 4 5
Diameter of outburst opening/mm 60 60 60 60 60
Experimental coal consumption/kg 90.703 89.277 91.064 91.55 90.654
Briquetting pressure of experimental coal/Mpa 4 4 4 4 4
Vertical stress/Mpa 4 4 4 4 4
Horizontal stress/Mpa 2.4 24 24 24 2.4
Gas pressure/Mpa 0.5 0.75 1 1.25 1.5
Coal quantity of CGOH/kg 0 4.387 19.581 8.226 21.846
Length of CGOH/mm 0 165 256 279 353
Width of CGOH/mm 0 119 232 172 219
Height of CGOH/mm 0 193 236 265 197
Volume of CGOH/m? 0 0.001984206 0.00733902839616853 0.006658511 0.007974136
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FiGgure 25: Fitting gas pressure and volume with the lognormal function.
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FIGURE 26: Fitting gas pressure and volume with the Boltzmann function.
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F1GURE 27: Fitting gas pressure and volume with the Slogisticl function.
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FIGURE 28: Fitting gas pressure and volume curve with the Slogistic3 function.
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It shows the following rules: (1) There is an initial value
of gas pressure Py in CGO. When the gas pressure P is less
than Py, no CGO occurs; when the gas pressure P is greater
than Py, CGO begins. (2) The CGOH volume increases with

the increase in gas pressure, but there is an upper limit of
CGOH volume. (3) The relationship between gas pressure
and CGOH volume satisfies the logistic function, which is a
common S-shaped curve. At the beginning, CGOH volume
increases exponentially with the increase in gas pressure.
Then, the CGOH volume increases slowly with the increase
of gas pressure and finally approaches the upper limit of
volume.

We combine (9) and (18) to get (19), combine (11) and
(18) to get (20), and finally, get (21) and (22).

The essence of (20) is the same as that of (22), and the
most interesting ones are (20) and (22), and (23) is obtained
by modifying (20).

A
d=d,+ 3 -
e(1/2) (1/— VC/wl) +1/2) (m— m[/wz)
(23)
a
V=—""7
1+be P

Obviously, there are two special values in (23), v, and m..
When v and m (from the left or right) infinitely approach v,
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and m,, d gets the maximum, when v and m (from the left or
right) are far away from v, and m,, d gets the minimum, and
because v is consistent with the variation trend of gas
pressure, it is deduced that there is a p,, and when p (from
the left or right) infinitely approaches p,, the throw distance
increases. When p (to the left or right) is far away from p,,
the throw distance decreases.

Therefore, the process of CGO is discussed as follows:
when original coal seam is disturbed by outside forces, the
gas adsorbed in the coal body begins to desorb, along with
the gas pressure rising. When the gas pressure is less than P,
the CGO does not occur. When the gas pressure exceeds P,
CGO begins to occur. The throw distance reaches the
maximum when gas pressure approaches or reaches p., and
then, although gas pressure increases further, the throw
distance begins to decrease.

The reason is that when the gas pressure is greater than
P more coal is thrown out by gas flow in unit time, and the
increased gas pressure is not enough to make these newly
increased coal be thrown out for a longer distance, which is
reflected in the continuous increase of calculated density and
the continuous decrease of throw distance.

When the increase of gas pressure is larger enough and
faster enough, because the coal body has not gathered more
outburst energy, the gas pressure has torn the coal body,
causing the coal and gas to be poured out or pressed out.
Although a large amount of gas will be released in the
process, there will not be a large number of coal bodies
thrown out. It can also deduced from (23) that when m is
large enough, due to the upper limit value of v, the calculated
density tends to infinity and d is minimal. When m and v are
close to m, and v,, d is maximal.

4. Conclusions

The following conclusions can be drawn based on the study
of the parameters of outburst holes:

(1) There is a linear correlation (positive correlation)
between the CGO coal quantity and throw distance,
but the 3D diagram further shows the complex re-
lationship between them. In the shallow and deep
buried depth, with the increase of coal quantity,
throw distance increases continuously and decreases
after reaching the maximum throw out distance. At
the same time, throw distance of shallow buried
depth is obviously greater than that of deep buried
depth. In the middle buried depth, throw distance
increases with the increase of coal quantity; the
distance first increases, then decreases, and then,
increases to the maximum value and then decreases.

(2) The CGOH parameters (coal quantity, CGOH vol-
ume, and throw distance) are nonlinearly correlated
and satisfy the following equation:

d=c. 2. g Dmm (24)
Vv

(3) There are stagnation and inflection points in the
curve of the CGO hole parameters, and the inflection

Shock and Vibration

point is the critical point for coal and gas outburst.
An increase in the calculated density of holes is the
conversion path from coal and gas outburst to coal
and gas extrusion or dumping.

(4) The CGOH parameter equation further deduces the
equation of gas pressure, coal quantity, and throw
distance, which meets the following equation:

—kp
d= mC(l + be )e(me(lere‘kP)/a)Ord _ do
@ (25)

+ Ae” 1/2 ((a/1+be’k1’)— vc/wl)z— 1/2 (m— mc/wz)z'

(5) There are three special data, i.e., v., m., and p.. At the
same time, the CGOH volume and gas pressure meet
the Logistic function, and there is an upper limit for
the CGOH volume.
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