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Abstract: Ventilation is the cornerstone of coal mine safety production. Accurate monitoring of ventilation parameters is the 
basic guarantee for ventilation technology decision. For the problem that the accuracy of wind speed monitoring in coal mine 
tunnels is difficult to meet decision-making needs, a combination of theoretical calculation and experimental research was used 
to study the relationship between the average wind speed line and the position of the tunnel wall. The theoretical calculation 
obtained the expression of the relationship between the average wind speed line of the semi-circular arch tunnel section and the 
position of the tunnel wall. The proposed multi section mirror stepped grid format was used to investigate the airflow field in a 
semi-circular arch roadway under different conditions in the laboratory. The contour map of wind speed distribution was drawn, 
and the position of the measured average wind speed line was obtained. The absolute error between the measured average wind 
speed line and the theoretical model calculation results was within 5%, which verified the reliability of the theoretical calculation 
results. 

Keywords: Mine ventilation; Wind speed distribution; Contour of wind speed; Semi circular arch roadway; Average wind 
speed. 

 

1. Introduction 
China's coal consumption and supply have always been 

among the top in the world. In recent years, with the 
development of the new energy industry and the 
environmental capacity limitations of coal, the proportion of 
coal in primary energy production and consumption has been 
decreasing year by year. However, based on the structure of 
China's resource production and consumption, coal resources 
will maintain China's position as the main energy source in 
the long term [1-2]. The geological storage conditions of coal 
in China are complex and variable, with high risk factors for 
various disasters, which leads to frequent accidents in mining 
production in engineering practice [3-5]. By summarizing 
past coal mine production safety accidents, the causes of most 
coal mine accidents are closely related to the mine ventilation 
system [6]. 

Mine ventilation is an important foundation for safe 
production in mines. During the excavation period of coal 
mine production, fresh external airflow is provided by 
ventilation fans or through natural ventilation to enter the coal 
mine tunnels, and directional and quantitative flow is carried 
out in the tunnel network. Finally, the polluted air is 
discharged from the mine, and this entire process is called 
mine ventilation [7-8]. When developing coal resources, it is 
necessary to monitor the parameters of mine ventilation in a 
timely manner to provide guarantees for safety, occupational 
health, etc. [9-11]. Therefore, all technical applications based 
on ventilation parameters must have reliable data assurance. 
In recent years, B.H. Voronin, Wang Yingmin, Ji Chaosong, 
Lu Guangli, and others studied the law of cross-sectional 
wind speed and provided a distribution function [12-14]. 
Zhao Dan, Shi Caixing, Sun Jiping, Pan Jingtao, and others 
have conducted extensive research on wind speed monitoring 
arrangements and measurement techniques [15-18]. Based on 

this, this article proposes a research method for the 
distribution law of wind speed in semi-circular arch tunnels 
based on the mirror stepped grid method. The research results 
can improve the accuracy of obtaining ventilation parameters 
such as wind speed and air volume, and directly achieve true 
ventilation reliability in coal mines in terms of technology and 
management. 

2. Theoretical Model of Wind Speed 
Distribution in A Semi-circular Arch 
Roadway 

The cross-section of a semi-circular arch roadway includes 
a rectangular section and a semi-circular section. The 
calculation model for the distribution law of wind speed on 
the cross-section of a semi-circular arch roadway is shown in 
Figure 1. 

 

 
Figure 1. Calculation model for wind speed distribution 
on the cross-section of a semi-circular arch roadway 

 

According to the Boussinesk theory and the Prandtl 
turbulence theory, an integral expression for the air flow 
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corresponding to a semi-circular arch tunnel is established [19] 
as follows: 
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The expression for the average wind speed of the semi-

circular arch section in Figure 1 can be obtained from the 
relationship between the air volume and the cross-sectional 
area of the roadway: 

 

Cfaf
A

Q
v





5.1ln
              (2) 

 
The expression for the distance y between simultaneous 

equations (1) and (2) is: 
 

5.1lny  ae                    (3) 

 
Based on the calculation, obtain the general expression for 

calculating the air volume of a semi-circular arch tunnel and 
the expression for the relationship between the average wind 
speed line and the tunnel wall. 

3. Wind Speed Measurement Method 
This experiment used 16 CFD15 coal mine electronic 

anemometers and 16 YHC mine intrinsic safety data 
acquisition instruments. The ultrasonic electronic 
anemometer and data acquisition instrument are shown in 
Figure 2. 

 

 
Figure 2. Anemometer 

 
Chongqing Research Institute has constructed equipment 

such as induced draft devices, fan connection devices, wind 
measurement stations, dust measurement stations, air doors, 
and wind resistance adjustment devices in the existing 
ventilation and fire test tunnel system. The fan model used is 
FBCDZ№12/2×45. After renovation, a complete ventilation 
test system will be formed, with a total length of 
approximately 460 meters in the tunnel. The experimental 
methods for laboratory tunnels are as follows: 

(1) Using a laser rangefinder to accurately measure the 
cross-sectional dimensions and record their support forms, 

while clearing obstacles inside the tunnel to ensure that the 
entire measurement range of the tunnel meets the 
measurement requirements. 

(2) The symmetry of the pattern was measured by selecting 
half of the cross-section of the semi-circular arch roadway in 
the experiment. Based on the measured cross-sectional 
dimensions, calculate the location of the monitoring points on 
the cross-section. The anemometers are more dense near the 
wall and sparse away from the wall. Determine the specific 
values of measuring surface spacing l, measuring surface 
quantity N, measuring line height h, measuring line length L, 
and the number of anemometers n for each measuring line 
based on the size of the tunnel cross-section. According to the 
length L of the measuring line, the number of measuring 
surfaces N, and the number of anemometers n on each 
measuring line, assemble the anemometer installation rod and 
fix the anemometer on the installation rod. Based on the 
distance l between measuring surfaces and the distance h 
between measuring lines, fix the installed anemometer 
installation rod in the tunnel. The specific arrangement is 
shown in Figure 3.  

 

 
Figure 3. Installation position of each anemometer on each 

measuring line 

 

(3) In this experiment, the fans were started at different 
operating frequencies to create different wind speed 
conditions in the tunnel. In this experiment, the operating 
frequency of the fan was adjusted four times, namely 15Hz, 
20Hz, 30Hz, and 40Hz. Under the four operating frequencies, 
the average wind speed was measured in the experimental 
tunnel using the six line wind measurement method, which 
was 1.3m/s, 2m/s, 2.6m/s, and 3.5m/s, respectively. 

(4) In this experiment, a total of 16 mining intrinsic safety 
data collectors were used. A ventilation parameter collector 
App was installed inside the mining intrinsic safety data 
collector and connected one-on-one to the monitoring 
anemometer. In order to obtain monitoring data from all 
anemometers at the same time, the built-in program of the 
ventilation parameter collector was modified to set the start 
time of the ventilation parameter collector, and all ventilation 
parameter collectors start and collect monitoring data from 
the anemometer at the same time. Turn on all data acquisition 
devices and place them at the position of the air outlet under 
the measured tunnel. At the same time, another data 
acquisition device was used to take photos and record the 
recorded data, ensuring the simultaneity of the obtained data. 
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4. Data Analysis of Laboratory 
Tunnels 

Use Surfer software to fit the measured data into a curve 
graph based on boundary conditions, and take points every 
50mm at the boundary. The obtained graphics are shown in 
Figures 4 to 7. 

(1) When the starting frequency of the fan in the 
experimental tunnel is 15Hz, the six wire wind measurement 
method was used to measure the air supply of the 
experimental tunnel at 561.6m3/min, and the average wind 
speed in the tunnel was 1.3m/s. The distribution of wind speed 
in the measured tunnel is shown in Figure 4. The red line in 
the figure represents the measured average wind speed line, 
and the average distance from the measured average wind 
speed line to the roof of the tunnel is 0.3298m. 

 

 
Figure 4. Wind speed distribution pattern in a semi-circular 

arch tunnel at a wind speed of 1.3m/s 

 
(2) When the starting frequency of the fan in the 

experimental tunnel is 20Hz, the six wire wind measurement 
method was used to measure the air supply volume of the 
semi-circular arch tunnel, which is 864m3/min, and the 
average wind speed of the tunnel is 2m/s. The distribution of 
wind speed in the measured tunnel is shown in Figure 5. The 
red line in the figure represents the measured average wind 
speed line, and the average distance from the measured 
average wind speed line to the roof of the tunnel is 0.3274m. 
 

 
Figure 5. Wind speed distribution pattern in a semi-circular 

arch tunnel at a wind speed of 2m/s 

(3) When the starting frequency of the fan in the 
experimental tunnel is 30Hz, the six wire wind measurement 
method was used to measure the air supply volume of the 
semi-circular arch tunnel, which is 1123.2m3/min. The 
average wind speed in the tunnel is 2.6m/s. The distribution 
of wind speed in the measured tunnel is shown in Figure 6. 
The red line in the figure represents the measured average 
wind speed line, and the average distance from the measured 
average wind speed line to the roof of the tunnel is 0.3256m. 

 

 
Figure 6. Wind speed distribution pattern in a semi-circular arch 

tunnel at a wind speed of 2.6m/s 
 

(4) When the starting frequency of the fan in the 
experimental tunnel is 40Hz, the measured air supply volume 
in the experimental tunnel is 1512m3/min, and the average 
wind speed in the tunnel is 3.5m/s. The distribution of wind 
speed in the measured tunnel is shown in Figure 7. The red 
line in the figure represents the measured average wind speed 
line, and the average distance from the measured average 
wind speed line to the roof of the tunnel is 0.3244m. 
 

 
Figure 7. Wind speed distribution pattern in a semi-circular 

arch tunnel at a wind speed of 3.5m/s 
 

From Figures 4~7, it can be seen that the contour line of 
wind speed at the cross-section of the tunnel is approximately 
a distribution curve with a semi-circular arch shape, and the 
distribution shape of the contour line is the expansion of the 
central part of the tunnel section towards the tunnel wall. The 
closer to the wall of the tunnel, the denser the wind speed 
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contour line, indicating a larger wind speed gradient near the 
wall. The closer to the tunnel, the sparser the wind speed 
contour line, indicating a smaller wind speed gradient and a 
gradual flattening of the central wind speed in the tunnel. In 
the same tunnel, the higher the inlet wind speed, the smaller 
the thickness of the low-speed area near the wall, that is, the 
thickness of the low-speed boundary layer decreases with the 

increase of wind speed. To verify the theoretical model, the 
table illustrates and compares the measured and theoretical 
values of the average distance from the position of the average 
wind speed line to the roof, as shown in Table 1. From Table 
1, it can be seen that the error between the measured and 
theoretical values is within 5%, indicating the reliability of 
the theoretical model. 

 

Table 1. Comparison between measured and theoretical values of the distance from the average wind speed line to the roof 
Section size(width 
m × Height m) 

Wind 
speed(m/s) 

Actual measured value 1d
(m) 

Theoretical 2d (m) Error 1 2

2
×100%

d d

d

  

2.89×2.82 

1.3 0.3298 0.3146 4.8% 
2.0 0.3274 0.3146 3.9% 
2.6 0.3256 0.3146 3.5% 
3.5 0.3244 0.3146 3.1% 

 

5. Conclusion  
(1) A calculation model for the position of the average wind 

speed line in a semi-circular arch roadway was established, 
and a general expression for the airflow in the roadway and 
an expression for the relationship between the average wind 
speed line and the roadway wall were obtained. The 
theoretical calculation results indicate that the position of the 
average wind speed line in the tunnel is only related to the 
tunnel size and is independent of other main control factors. 

(2) A multi section mirror stepped grid format inspection 
method reflecting the distribution law of wind speed in 
tunnels has been proposed. With the help of high-precision 
anemometers, monitoring points were arranged using a 
stepped grid method, and the data acquisition instrument 
synchronously received monitoring data, achieving 
synchronous acquisition of monitoring data at different 
positions under the condition of wind speed fluctuations in the 
tunnel. 

(3) The average measured wind speed line position under 
different conditions was obtained. By comparing and 
analyzing with the average wind speed line position obtained 
from the theoretical calculation model, the absolute error of 
the two is within 5%, which verifies the reliability of the 
theoretical calculation model and provides support for 
improving the effectiveness of current point monitoring. 
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