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Abstract 
 
Catastrophic air current significantly influences the stability of ventilation system, and existing studies have not 
considered the flow characteristics of catastrophic air current when designing the control systems. To analyze the effects 
of different kinds of coalmine accidents on safety production, grey relation entropy theory was used to analyze the 
hazard assessment of coalmine accidents. Fluent software was employed to study the flow characteristics of catastrophic 
air current, and the catastrophic air current early-warning and control system of coalmine was researched according to 
the theoretical analysis and numerical simulation. The threat of fire accidents and roof accidents were larger than other 
accidents. The influence of temperature and CO volume fraction distribution of fire accidents to the tailwind side was 
larger than that of the weather side, and gradient decreased on the weather side. This system can effectively control the 
spread of fire and poisonous gas, and can judge the accident location immediately. The research effectively guaranteed 
the safety of mine production. 
 

 Keywords: Grey Relation Entropy Theory, Numerical Simulation, Catastrophic Air Current, Early-warning and Control 
 

  ___________________________________________________________________________________________ 
 
1. Introduction 
 
Mine ventilation is one of the main technical means for 
ensuring safety production. Fresh air is transported from the 
ground to different downhole locations during the 
production process, which provides breathing for workers 
and can dilute and eliminate all kinds of poisonous and 
harmful gases and mine dust. The establishment of a 
scientific and reasonable ventilation system is a basic 
guarantee for mine safety production, and is an economic 
way to improve the safe production level of a coalmine [1], 
[2], [3]. 
 As the mining level extends continuously, the stability of 
ventilation system is increasingly important for mine safety. 
Gas explosion, fire, and other disasters or accidents have a 
significant influence on the ventilation system [4]. The 
threat of these disasters or accidents increases as the mining 
level extends. These disasters or accidents can easily induce 
serious secondary disasters such as air escape branches and 
poisoning, which can increase loss and harm. Accidents not 
only affect the economic benefits of the mine, but also 
seriously threaten workers’ lives, safety, and social stability. 
How to warn and control these disasters or accidents has 
been the primary issue to solve in mining works. The main 
methods of related research on ventilation system are 
theoretical analysis and numerical simulation. 
 

2. State of the art 
 
Domestic and foreign scholars conducted many studies on 
the stability of ventilation systems for mine disasters. The 
main research direction includes the following aspects: the 
stability of ventilation system of coalmines and its 
evaluation, numerical simulation of ventilation systems, and 
air current control system. Existing research analysis did not 
classify the mine disaster and accident, and only used simple 
methods as air-doors to control the ventilation system. 
 
 (1) Stability of the ventilation system of coalmines and 
its evaluation 
 The fuzzy mathematics method was applied to the 
comprehensive judgment on factors of the mine ventilation 
system based on the study on related stability [5]. The 
characteristics of heat pressure and thermal resistance of 
airflow produced by different heat sources were studied and 
the discriminant of airflow direction affected by heat 
pressure was obtained [6]. A force auxiliary ventilation 
system was adopted as a control method in successful 
extraction and recovery, and booster fans and ventilation 
control devices such as doors and regulators were used in the 
system [7]. The results of experimental investigations on 
catalytic oxidation of coalmine ventilation air methane in a 
preheated catalytic reaction reactor were presented [8]. The 
discriminant of the stability of the airflow at mining areas 
was educed in this study, idiographic prevent measures were 
proposed, and the conclusion was important to the safety of 
coal mining production [9].  
 
 (2) Numerical simulation of ventilation system 
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 A numerical simulation for airflow and gas distribution 
regulation in the goaf of the mechanized working face were 
obtained using Fluent software [10]. Finite element 
computer numerical simulation and visual display were used 
to thoroughly study the airflow pattern and its calculation in 
the goaf [11]. Measurements using tracer gas technique and 
evaluation of effective axial diffusion coefficient were 
discussed in Cibaliung Underground Mine, Indonesia using 
numerical simulation [12]. A mathematical model for the 
calculation of temperature distribution during a fire in a 
mine was proposed, and depth first search algorithm in 
artificial intelligence theory was also used to write a 
program for simulating the spreading process of smoke 
plume and temperature distribution during a fire [13]. 
 
 (3) Air current control system 
 Two kinds of airflow remote control systems were 
researched. One system used compressed air as a power 
source, transmitting control signals through a monitor 
system for the mine environment. The other system used 
electric power and transmitted control signals through an 
underground telephone network [14]. A proposal for the 
control of airflow in a mine fire was proposed through the 
optimization of air quantity in a ventilation network [15]. 
Based on mastering airflow stability during a fire, the fire 
early warning and control system of belt roadway was 
established and applied to Kongzhuang Coalmine, which 
was helpful to disaster control and avoidance during belt 
roadway fires [16]. 
 An applied remote -controlled auto anti-fire door and 
auto water spraying system were developed, and a 
ventilation plan and a fire put off method at a fire initial 
stage were provided for practice [17]. The “10.20” coal and 
gas outburst accident in Daping coalmine in 2004 was 
simulated using a self-developed TF1M 3D coalmine 
ventilation simulation system based on source-containing 
ventilation theory and numerical simulation technology. The 
results indicated that the remote -controlled automatic 
throttle should be actively promoted, which could be 
controlled in the disaster period and minimize loss [18]. 
 The remainder of this paper was organized as follows. 
Section 2 used the grey relation entropy theory to analyze 
the hazard assessment of coalmine accidents to effectively 
decrease the influence of catastrophic air current to the 
ventilation system. Section 3 studied the numerical 
simulation of a specific coalmine using Fluent software. 
Section 4 designed the early-warning and control system. 
This system was applied to improve the stability and safety 
of mine ventilation systems. Conclusions were summarized 
in Section 5. 
 
 
3. Methodology 
 
3.1 Analysis of grey relation entropy 
Analysis of grey relation entropy is developed based on grey 
relational analysis method [19]. [20], [21]. This method uses 
“entropy” to quantitatively analyze the correlation degree of 
reference factors and comparative factors. The grey relation 
entropy method can fully utilize character information[22], 
[23], [24], [25]. 
 
 (1) Grey entropy 
 Grey entropy is the measurement of a discrete sequence 
of balance degrees. A larger grey entropy corresponds to a 
more balanced sequence. 

 A sequence with incomplete information is the grey 
connotative sequence. We defined the grey connotative 
sequence as ),,,( 21 nxxxX != , 0≥jx and∑ = 1jx . 
The grey entropy ofx was： 
 

[ ]∑
=

⋅−=
n

j
jj xxH

1

ln                          (1) 

 
 According to entropy increase theorem, any change that 
can make the attribute value tends to be uniform average 
will increase the value of entropy. The grey entropy 
researched to the maximum value when the attribute value of 
all sequences was equal. 
 

nH lnmax =                                (2) 
 
 (2) Distributed mapping 
 The sum of the value of all elements within the same 
sequence was set to 1 to obtain the grey relational coefficient 
before meeting the requirements of the gray entropy. The 
distributed mapping grey incidence coefficients were as 
follows: 
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 The mapping value represented the degree of correlation 
of reference factors 

0x and comparative factors ix  at k  

point. ( )kPi  satisfied the formula as follows: 
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 (3) Grey relation entropy 
 The grey relation entropy of comparative factors ix was:  
 

( ) ( )[ ]∑
=

⋅−=
n

k
iii kPkPH

1

ln                (5) 

 

where ( ) 0≥kPi  and ( )∑
=

=
n

k
i kP

1

1. 

 The grey incidence coefficient was a kind of grey 
entropy because the distribution mapping was conducted on 
the grey incidence coefficient. Entropy increase theorem was 
appropriate for the grey relation entropy. The degree of 
correlation of reference factors 

0x  and comparative factors 

ix  increased as the grey relation entropy 
iH  increased. 

 
 (4) Correlation degree of grey entropy 
 We set the factor sets of grey relation as X ，

( ) Xkxi ∈ ， mi ,,2,1 != , nk ,,2,1 != . 
iH  was 

the grey relation entropy of comparative sequence ix . The 
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correlation degree of grey entropy of comparative sequence 

ix  was: 

maxH

H
E i
i =                                   (6) 

 
3.2 Establishment of Model in Fluent 
Fluent software is suitable for the numerical simulation of 
fluid. Therefore, this method was chosen to research the 
ventilation system of coalmines. To study the flow 
characteristics of catastrophic air current, the 9th mining 
area of Nantun Coalmine was selected as the object of study. 
The -350 connection roadway of 9th mining area was 
simplified to meet the requirements of numerical simulation 
by Fluent. 
 The length of the roadway was shortened and the width 
remained unchanged. The section and height were 3 m and 
2.6 m. The fire source was set 5 m before the inlet with a 
volume of 3×1×1 m. Before the automatic air-door worked, 
the catastrophic air current entered the working face along 
the track down entry of the 9th mining area. After the 
automatic air-door worked, the catastrophic air current 
interdicted and entered the return air down entry of the 9th 
mining area through the automatic air-door. The mesh model 
of the -350 connection roadway of 9th mining area is shown 
in Figure 1. 

out flow1

inlet 2

inlet 3

inlet 1
out flow2

inlet fire

  
Automatic air-door closed  

out flow

inlet 1

inlet fire

inlet 2

inlet 3

 
Automatic air-door open 

Fig. 1. Mesh model of the -350 connection roadway of the 9th mining 
area 
 
 
 We imported the grid model into Fluent software and 
exerted the boundary condition. Inlets 1, 2, and 3 were the 
velocity inlets and the imported material was air. The 
boundary condition of outflow was free flow. The imported 

material of inlet fire was a mixture of CO2, CO, C4H8, and 
SO2. 
4. Result Analysis and Discussion 
 
4.1 Analysis of hazard assessment of coalmine accidents 
based on grey relation entropy theory 
The death toll and death rate (number of people per million 
ton) in China from 2004–2014 are shown in Figure 2. 
 The two groups of data had the same decreasing trend. 
The data before 2006 was too high and could not represent 
the production level of coalmines in recent years. Coal 
production was seriously affected after 2010 with the 
slowdown in economic growth and the deterioration of the 
situation of coal economy. Therefore, data from 2006–2010 
was chosen for analysis. The kinds of coalmine disasters and 
accidents were divided into roof accident, fire accident, gas 
accident, electromechanical accident, explosive accident, 
transportation accident, flood accident, and other accident. 
The death toll of each kind of accident in each year was 
defined as 

1y , 
2y , 

3y , 
4y , 

5y , 
6y , 

7y , 
8y , as shown 

in Table 1. The death toll of each kind of accident was 
defined as the comparative sequence ( )8,2,1 !=ixi , as 
shown in Table 2. 
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Fig. 2. Death toll and death rate (number of people per million ton) in 
China from 2004–2014 
 
 
Table 1. Death toll of each kind of coalmine accident 

Accident 
type 

Death toll(number of people) 

2006 2007 2008 2009 2010 

1y  1902 1518 1222 939 829 

2y  1319 1084 778 755 623 

3y  94 86 109 97 78 

4y  517 453 400 319 281 

5y  90 77 55 75 37 

6y  417 255 263 166 224 

7y  26 72 111 31 168 

8y  381 241 277 249 193 

0y  4746 3786 3215 2631 2433 

 
 (1) Equalization of original data 
 To eliminate the influence on grey relation entropy 
because of the difference of dimension and the absolute 
value of data, the original data in Table 1 was equalized as 
was shown in Table 2. 
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Table 2. Dimensionless results 

Dimensionless 
sequence 

Dimensionless result 

2006 2007 2008 2009 2010 

0x  1.41 1.13 0.96 0.78 0.72 

1x  1.48 1.18 0.95 0.73 0.65 

2x  1.45 1.19 0.85 0.83 0.68 

3x  1.01 0.93 1.17 1.05 0.84 

4x  1.31 1.15 1.02 0.81 0.71 

5x  1.35 1.15 0.82 1.12 0.55 

6x  1.57 0.96 0.99 0.63 0.85 

7x  0.32 0.88 1.36 0.38 2.06 

8x  1.42 0.90 1.03 0.93 0.72 

 
 (2) Grey incidence coefficient ( ) ( )( )kxkx i,0γ  
 The grey incidence coefficient in Table 3 was calculated 
from Table 2. 
 
Table. 3. Grey incidence coefficient 

Grey incidence  
coefficient 

Grey incidence coefficient value 

2006 2007 2008 2009 2010 

( ) ( )( )kxkx 10 ,γ  0.90 0.81 1 0.91 0.90 

( ) ( )( )kxkx 20 ,γ  0.96 0.79 0.67 0.93 0.95 

( ) ( )( )kxkx 30 ,γ  0.59 0.45 0.49 0.49 0.86 

( ) ( )( )kxkx 40 ,γ  0.86 1 0.79 1 0.99 

( ) ( )( )kxkx 50 ,γ  0.91 0.98 0.61 0.42 0.80 

( ) ( )( )kxkx 60 ,γ  0.78 0.51 0.86 0.64 0.85 

( ) ( )( )kxkx 70 ,γ  0.34 0.40 0.34 0.38 0.34 

( ) ( )( )kxkx 80 ,γ  1  0.42 0.74 0.66 1 

 
 (3) Grey incidence density value ( )kPi  
 The grey incidence density value ( )kPi  was calculated 
using reference sequence 0x and comparative sequence ix  as 
Formula (3.3), as shown in Table 4. 
 
Table. 4. Grey incidence density value 

Grey incidence 
density 

Grey incidence density value 

2006 2007 2008 2009 2010 

( )kP1  0.20 0.18 0.22 0.20 0.20 

( )kP2  0.22 0.18 0.16 0.22 0.22 

( )kP3  0.20 0.16 0.17 0.17 0.30 

( )kP4  0.19 0.22 0.17 0.22 0.21 

( )kP5  0.24 0.26 0.16 0.11 0.22 

( )kP6  0.22 0.14 0.24 0.18 0.23 

( )kP7  0.19 0.22 0.19 0.21 0.19 

( )kP8  0.26 0.11 0.19 0.17 0.26 

 
 
 (4) Grey relation entropy 
 Grey relation entropy iH  was calculated using 

comparative sequence 
ix  as Formula (3.4), as shown in 

Table 5. 
 
Table 5. Grey relation entropy 

Grey 
relation 
entropy 

1H
 

2H
 

3H
 

4H
 

5H
 

6H
 

7H
 

8H
 

Value 1.61 1.60 1.58 1.60 1.57 1.59 1.61 1.57 

 
 
 (5) Grey correlation degree 
 The grey correlation degree iE  were calculated as 
Formula (3.5): 772898.01 =E , 769809.02 =E , 

759441.03 =E , 771735.04 =E , 754789.05 =E , 
765311.06 =E , 772755.07 =E , 752606.08 =E . 

 The degree of influence is: 
1y ＞ 7y ＞ 4y ＞ 2y ＞ 6y

＞ 3y ＞ 5y ＞ 8y (roof accident ＞ fire accident ＞
transportation accident＞ gas accident＞ flood accident＞
electromechanical accident ＞ explosive accident ＞ other 
accident). 
 (6) Result analysis 
 The result of grey relation entropy analysis shows that 
roof, fire, transportation, and gas accidents were more 
harmful than the other types of accidents were. 
 According to relevant data, in all accident types, the 
frequency of roof accident was the highest, accounting for 
54.42% of total accidents. The perniciousness of fire 
accident was the most, with 9.25 deaths per accident. The 
frequency and death toll of gas accidents were 17.10% and 
34.41%. Of all coalmines in China, 56% are mining the 
spontaneous combustion coal seam. Fires can provide a 
combustion source for coal dust and gas explosions, and can 
release H2, hydrocarbon, and other explosive gases. Fire 
accidents can easily induce coal dust explosions, gas 
explosions, and other secondary disasters. Exogenous fire 
accidents also increase with the increase of the degree of 
coalmine production mechanization.  
 Therefore, this study researched the flow regularity of 
catastrophic air current after fire accidents in coalmines, and 
worked out the technology and control system to improve 
ventilation system stability. 
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4.2 Numerical simulation analysis of coalmine 
catastrophic air current after fire accident 
 
4.2.1 Numerical simulation with the automatic air-door 
closed 
1) Temperature distribution law 
 The temperature distribution figures at t=10 s of X 
direction(X=1 m), Y direction(Y=1.5 m), and Z 
direction(Z=2.5 m, 5 m, 10 m, 15 m, 20 m, 25 m, 30 m, 
35 m, 40 m, 45 m, 50 m, 55 m, 60 m, 65 m, 70 m, 75 m, and 
80 m) are shown in Figure 3. 
 The temperature on the top of the fire source was 
1000 K, and was higher than that of the middle and bottom 
of the roadway. The temperature on the top of the roadway 
in the range of 30 m was from 560–599 K, and was 480–
520 K of the middle and bottom of the roadway. The 
influence of temperature on fire accidents to tailwind side 
was larger than that of weather side and gradient decreased 
on the weather side. The temperature was approximately 
480 K when x=30 m (25 m away from the fire source on the 
tailwind side). The temperature remained stable at x=2.5 m 
(2.5 m away from the fire source on the weather side). 

X direction 

Y direction 

Z direction 

1.07e+03
1.03e+03
9.94e+02
9.55e+02
9.15e+02
8.76e+02
8.36e+02
7.97e+02
7.57e+02
7.18e+02
6.78e+02
6.39e+02
5.99e+02
5.60e+02
5.20e+02
4.81e+02
4.41e+02
4.02e+02
3.62e+02
3.23e+02
2.83e+02

 
Fig.3. Temperature distribution figure in different directions of the 
disaster period for the -350 connection roadway of the 9th mining area 
 
 2) CO volume fraction law 

3.00e-01
2.85e-01
2.70e-01
2.55e-01
2.40e-01
2.25e-01
2.10e-01
1.95e-01
1.80e-01
1.65e-01
1.50e-01
1.35e-01
1.20e-01
1.05e-01
9.00e-02
7.50e-02
6.00e-02
4.50e-02
3.00e-02
1.50e-02
0.00e-02

X direction 

Y direction 

Z direction 

 
Fig.4. CO volume fraction figure in different directions of the disaster 
period for the -350 connection roadway of the 9th mining area 
 
 Figure 4 shows that the CO spread centered from the fire 
source after the fire accident occurred, but the diffusion 
range did not reach the entire roadway. CO volume fraction 
reached the maximum at the top of the roadway through 
buoyancy. The influence of CO volume fraction on fire 

accidents to the tailwind side was larger than that of weather 
side and gradient decreased on the weather side. 
 
4.2.2 Numerical simulation with the automatic air-door 
open 
1) Temperature distribution law 
 The temperature distribution figures at t=10 s of X 
direction(X=1 m), Y direction(Y=1.5 m), Z 
direction(Z=2.5 m, 5 m, 10 m, 15 m, 20 m, 25 m, 30 m, 
35 m, 40 m, 45 m, 50 m, 55 m, 60 m, 65 m, 70 m, 75 m, and 
80m) are shown in Figure 5. 
 Contrastive analysis of Figures 3 and 5 showed that the 
high-temperature region caused by fire would spread along 
the track down the entry of the 9th mining area. It could then 
enter the working face of the 9th mining area when the 
automatic air-door closed. The flow direction of the 
catastrophic air current would change into the -350 return air 
down the entry of the 9th mining area when the automatic 
air-door was open. The high-temperature area had little 
effect on the working face in the 9th mining area. 

X direction 

Y direction 

Z direction 

1.07e+03
1.03e+03
9.94e+02
9.55e+02
9.15e+02
8.76e+02
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5.60e+02
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4.41e+02
4.02e+02
3.62e+02
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Fig.5. Temperature distribution figure in different directions of the 
disaster period for the -350 connection roadway of the 9th mining area 
 
 2) CO volume fraction law 
 Contrastive analysis of Figures 4 and 6 showed that CO 
would spread along the track down entry of the 9th mining 
area when the automatic air-door closed. The flow direction 
of CO would change into the -350 return air down the entry 
of the 9th mining area. The hazardous gas had little effect on 
the working face in the 9th mining area. 

X direction 

Y direction 

Z direction 
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Fig.6. CO volume fraction figure in different directions of the disaster 
period for the -350 connection roadway of the 9th mining area 
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4.3 Research of Catastrophic air current early-warning 
and control system 
The catastrophic air current early-warning and control 
system of Nantun Coalmine constituted a remote control 
system, early-warning system, automatic air-door control 
system, and alarm system. 
 
 1) Remote control system 
 The remote control system constituted a monitoring 
computer, switches, PLC(programmable logic controller), 
and corresponding control software. The control centers 
were located in both the ground and underground. During 
different periods of ventilation, the state of the automatic air-
doors, sensors, and alarm devices can be monitored in the 
control centers. The state of automatic air-doors can be 
artificially controlled by software in the ground. The 
automatic air-door can be changed back to the original state. 
 
 2) Early-warning system 
 This system constituted a smoke transducer, CO 
transducer, PLC, telecommunication line, and computer. 
Transducer data in different locations transferred to the PLC 
through a public telecommunication line. The PLC sends 
these data to the control computer through another public 
telecommunication line through switches. This system 
achieves centralized information processing and 
earlywarning, and can send the information to the local area 
network. 
 
 3) Automatic air-door control system 
 The automatic air-door control system consisted of 
automatic air-doors and their accessory devices. The power 
source of the air-door can be the electrical power system or 
pressure air power system. The accessory devices mainly 
included an infrared sensor, photoelectric sensor, automatic 
controller, and alarm devices. 
 
 4) Alarm system 
 The alarm devices should be set in all areas that can be 
affected by catastrophic air currents when fire accidents 
occur. The alarm devices worked simultaneously with the 

automatic air-door. The alarm devices were connected to the 
PLC to realize automatic control, remote control, and 
condition monitoring. 
 The catastrophic air current early-warning and control 
system of Nantun Coalmine includes three groups of 
automatic air-doors. These air-doors were normally closed 
during normal production of mine. Six groups of CO and 
smoke transducers (G1-G6) are connected to the existing 
monitoring system for early warning and fire location 
analysis. The locations of automatic air-doors and 
transducers are shown in Table 6 and Figures 7–10. 
 
Table  6. Location and control area of automatic air-doors 
Number of 
automatic 
air-door 

Norm
al 

state 
Emergenc

y state Control area 

A1 closed open belt roadways of 9th mining 
area 

A2 closed open NO.3 section of 9th mining 
area 

A3 closed open NO.1 and NO.2 section of 
9th mining area 
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Fig. 7. Diagram of A1 automatic air-door 
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Fig.8. Diagram of A2 automatic air-door and G1, G2 groups of transducer 
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Fig.9. G3-G6 groups of transducer 
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Fig.10. Diagram of A3 automatic air-door 
 
4.4 Analysis of accident location 
To immediately judge the accident location when the 
transducers exceeded the critical value and automatic air-
doors worked, the possibility of accident location devices 
was analyzed by the states of the transducers of the 
catastrophic air current early-warning and control system. 
 1) G1 transducer exceeds the critical value 
 When the G1 transducer exceeded the critical value only, 
the accident location was in the belt roadway of the NO.3 
section of the 9th mining area. 
 2) G3 transducer exceeds the critical value 
 When the G3 transducer exceeded the critical value only, 
the accident location was in the belt roadway of the NO.1 
section of the 9th mining area. 
 3) G6 transducer exceeds the critical value 
 When the G6 transducer exceeded the critical value only, 
the accident location was in the belt roadway of the NO.2 
section of the 9th mining area. 

 4) Transducers in the working face in the NO.3 section 
of the 9th mining area and G3 transducer exceeded the 
critical value 
 When the transducers in the working face in the NO.3 
section of the 9th mining area and G3 transducer exceeded 
the critical value, the accident location was in the working 
face in the NO.3 section of the 9th mining area. 
 5) Transducers in the working face in the NO.1 section 
of the 9th mining area and G4 transducer exceeded the 
critical value 
 When the transducers in the working face in the NO.1 
section of the 9th mining area and G4 transducer exceeded 
the critical value, the accident location was in working face 
in the NO.1 section of 9th mining area. 
 6) Transducers in the working face in the NO.2 section 
of the 9th mining area and G5 transducer exceeded the 
critical value 
 When the transducers in the working face in the NO.2 
section of the 9th mining area and G5 transducer exceeded 
the critical value, the accident location was in working face 
in the NO.2 section of the 9th mining area. 
 
4.5 Working mechanism of automatic air-door 
In the normal ventilation period, fresh air entered the NO.1 
and NO.2 section of the 9th mining area from the eastern 
main entry, tracked down the entry of the 9th mining area, 
and reached the working face. The polluted air flowed out 
through the belt roadway and return airway of each section 
of the 9th mining area. The fresh air entered the NO.3 
section of the 9th mining area from the north main entry of 
the 7th mining area and the -440 main entry, and the 
polluted air flowed out through the belt roadway and return 
airway of the NO.3 section of the 9th mining area.  
 The state of the A1 automatic air-door would change to 
open from closed when the data of the G1 transducer, G3 
transducer, or G6 transducer exceeded the critical value. 
Fresh air from the -440 track roadway turned into the return 
air rise entry of 7th mining area. No air current existed in the 
belt roadway of all sections of the 9th mining area to 
effectively control the spread of the fire and poisonous gas. 
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Workers in the belt roadway of all sections of 9th mining 
area should evacuate when the alarm system worked. 
 The state of A2 automatic air-door will change to open 
from closed when the data of the G2 transducer or 
transducers in the working face of the NO.3 section of the 
9th mining area exceeded the critical value. Fresh air from 
the -440 main entry turned into the return airway of the 
NO.1 section of the 9th mining area. Air current cut off from 
the -440 main entry turned to the NO.3 section of the 9th 
mining area. 
 Two conditions exist wherein the state of A3 automatic 
air-door will change to open from closed: 1) the data of the 
G4 transducer and transducers in the working face of the 
NO.1 section of the 9th mining area exceeded the critical 
value; 2) the data of the G5 transducer and transducers in the 
working face of the NO.2 section of the 9th mining area 
exceeded the critical value. Fresh air from the track down 
entry of the 9th mining area will enter the eastern main 
return airway instead of the NO.1 or the NO.2 section of the 
9th mining area 
 Particularly, the control area of the A3 automatic air-
door was the NO.1 and NO.2 section of the 9th mining area. 
Workers in both sections should evacuate along the 
evacuation routes when the alarm devices worked. 
 

5 Conclusions 
 
To effectively guarantee the safety of mine production, the 
hazard assessment of coalmine accidents was analyzed based 
on grey relation entropy theory, and the coalmine 
catastrophic air current after a fire accident was analyzed 
using numerical simulation. The following conclusions were 
made: 
 1) Roof, fire, transportation, and gas accidents were 
more harmful than other accidents were. Fire accidents can 
easily induce coal dust explosions, gas explosions, and other 
secondary disasters. Research on the catastrophic air current 
after a fire accident is significant. 
 2) The temperature distribution and CO volume fraction 
law in the conditions of automatic air-doors opening or 
closing were obtained through numerical simulation. The 
influence of fire accidents to the tailwind side is larger than 
that on the weather side. 
 3) The catastrophic air current early-warning and control 
system of Nantun Coalmine was designed and implemented. 
This system included three groups of automatic air-doors 
and six groups of transducers. The system effectively 
improved the capability to prevent and mitigate disasters and 
accidents. 
 

______________________________ 
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