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To solve the construction ventilation problem of super long (length greater than
10000m) tunnel passing through discrete lenticular gas bag tunnel under
complex working conditions in carbonaceous shale stratum, relying on the
construction of Banzhulin tunnel of the new Xuyong-Bijie Railway (Sichuan-
Yunnan). Using the finite element analysis software, the flow field distribution
of the tunnel return air flow in the case of simultaneous excavation of multiple
working faces is simulated, and the formation position and influence range of the
vortex area which is easy to form gas accumulation are analyzed. On this basis, the
technical team developed the PLC uninterruptible self starting ventilation power
supply control program. By comparing the changes in the time required for
ventilation power supply failure before and after the adoption of this
technology, and the comparison of the gas concentration in the return air flow
within a relatively short time of the failure, it is proved that this technology reduces
the fault response time to 15.74% of the original time, and can well avoid gas
accumulation within the failure time, It provides some reference for similar
engineering construction.
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1 Introduction

With the continuous increase of the Chinese government’s investment in infrastructure
construction, a number of typical and difficult projects began to appear in front of the world.
Taking the construction of Sichuan-Tibet Railway Project (Ya’an-Lingchi) as an example,
there are 198 tunnels with a length of 1,223.5 m 451 km, accounting for 70.5% of the total
length of the line 1%, 46 extra long tunnels (railway tunnels with a length of more than
10 km) with a length of 724 441 km. At the same time, it is faced with complex geological
coupling problems such as high intensity, high ground stress rock-burst, large deformation
of soft rock, high ground mild active fault, toxic and harmful gas and so on. From this point
of view, the efficient construction ventilation technology suitable for long and long tunnels

OPEN ACCESS

EDITED BY

Yihuai Zhang,
University of Glasgow, United Kingdom

REVIEWED BY

Wendong Zhou,
Nanjing University of Information Science
and Technology, China
Yu Xu,
Central South University, China

*CORRESPONDENCE

Shixing Fan,
fanxust@yeah.net

RECEIVED 06 April 2023
ACCEPTED 02 June 2023
PUBLISHED 22 June 2023

CITATION

Ma S, Mi W, Fan S, Qiu R and Niu G (2023),
Numerical analysis and control
technology of gas accumulation in a
large-scale specially-shaped tunnel
passing through coal bearing strata.
Front. Earth Sci. 11:1201492.
doi: 10.3389/feart.2023.1201492

COPYRIGHT

©2023Ma, Mi, Fan, Qiu andNiu. This is an
open-access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Earth Science frontiersin.org01

TYPE Original Research
PUBLISHED 22 June 2023
DOI 10.3389/feart.2023.1201492

https://www.frontiersin.org/articles/10.3389/feart.2023.1201492/full
https://www.frontiersin.org/articles/10.3389/feart.2023.1201492/full
https://www.frontiersin.org/articles/10.3389/feart.2023.1201492/full
https://www.frontiersin.org/articles/10.3389/feart.2023.1201492/full
https://www.frontiersin.org/articles/10.3389/feart.2023.1201492/full
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2023.1201492&domain=pdf&date_stamp=2023-06-22
mailto:fanxust@yeah.net
mailto:fanxust@yeah.net
https://doi.org/10.3389/feart.2023.1201492
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2023.1201492


under special geological conditions is not only a major problem
faced by builders, but also a hot spot and focus of scientific research
and technical personnel.

Researchers at home and abroad have carried out early research
on the ventilation mode of single head tunneling in tunnel
construction, the distribution law of air flow field, the diffusion
and migration law of toxic and harmful gases in the tunnel. Through
the design optimization and field verification of the location and
diameter of the new shaft in the super long tunnel, it shows that the
thermal potential difference has a great impact on the natural
ventilation effect. Finally, the effect of energy saving and
consumption reduction is achieved by reducing the number of jet
fans in the original ventilation system (Zhang et al., 2018). When the
tunnel construction passes through the complex stratum containing
coal seams, the tunnel will often face the risk of gas accidents (Liu
et al., 2023a; Liu et al., 2023b; Mi et al., 2023; Wen et al., 2023).
Therefore, it is very important to choose the appropriate ventilation
mode. A highway tunnel in Hunan, China has tested the distribution
of air flow velocity and gas concentration under different ventilation
modes. Different forms of vortex zones are formed by pressure
ventilation, extraction ventilation and mixed ventilation. The gas
concentration in the vortex zone is higher than that in the non-
vortex zone, and the effect of mixed ventilation mode is the best
among the three ventilation modes (Zhang et al., 2021). The air flow
experiment at the intersection of the main tunnel and the inclined
shaft of Zagros tunnel shows that the H2S gas concentration
distribution at the main tunnel, the main tunnel and the inclined
shaft fork is mainly affected by the length, slope and air inlet speed of
the tunnel. The H2S gas concentration distribution decreases in the
form of gradient along the tunnel to the tunnel outlet, and the
greater the tunnel slope, the greater the H2S gas concentration at the
bottom of the tunnel and the longer the tunnel, The more uniform
the concentration distribution of H2S gas in the whole tunnel,
increasing the air volume of fresh air flow in the tunnel will
reduce the H2S gas concentration in the whole tunnel, but it has
no effect on the gas concentration distribution law in the tunnel
(Ahmadi and Hekmat, 2021). However, with the development and
popularization of computer technology, many scholars and
engineers have made more extensive and in-depth research on
tunnel ventilation by using numerical simulation technology. The
field test of Longgu No. 2 auxiliary tunnel analyzes the influence of
different distances between the air duct outlet and the tunnel face on
the distribution law of air flow and dust concentration in the tunnel
under the condition of forced ventilation, and obtains the
mathematical relationship between the different distances
between the air duct outlet and the tunnel face as the
independent variable and the distribution field of high
concentration dust as the dependent variable, so as to provide
theoretical guidance for tunnel construction ventilation and dust
prevention (Liu et al., 2019). There are many geothermal anomaly
zones near Hengduan Mountains in China. Tunnels constructed
and operated in this area are facing the problem of high ground
temperature. Based on this, a cross-sectional convection conduction
model is established for longitudinally ventilated tunnels. In the
process of numerical simulation and reduced size model test of
Gaoligongshan tunnel, the effects of ventilation frequency and
longitudinal wind speed on the ambient temperature in the
tunnel are simulated and obtained the distribution laws of

surrounding rock temperature field and air flow field in the
tunnel (Zeng et al., 2020). When a fire occurs in the tunnel,
different oxygen concentrations in the tunnel air will have
different dynamic effects on the fire. The oxygen concentration
in the tunnel is adjusted by mixing oxygen with inert gases such as
nitrogen and carbon dioxide, and the reduced size tunnel is
simulated by CFD fluid calculation software. The analytical
expression describing the importance of oxygen content to tunnel
fire dynamics is established. It is concluded that the maximum
temperature of tunnel roof, the maximum heat flow of tunnel roof
and floor can be controlled by adjusting the oxygen concentration
Changes of parameters such as maximum heat release rate and fire
growth rate (Khattri et al., 2019). It can be seen that the efficient
ventilation system plays a good role in optimizing the air quality in
the tunnel and reducing the concentration of harmful gases.
Therefore, based on the original ventilation design of Zhongyuan
tunnel, fluent software is used, relying on K-ε turbulence model,
establish a three-dimensional model of the tunnel, simulate the
operation effects of different combinations of four fans in the tunnel,
and finally determine the new combination form of ventilation fans
composed of a group of double parallel fans and two groups of single
fans, which is 5.7% higher than the tunnel air flow velocity in the
original ventilation design (Pei and Pan, 2014). In addition to the
influence of the distance between the air outlet of the air duct and the
tunnel face, the air flow field in the tunnel is also affected by other
main influencing factors, such as the excavation mode of the tunnel
face, the length and height of the steps when the step method is used
for construction, etc. When optimizing the distribution of air flow
field in a tunnel, the optimization parameters of improving
ventilation efficiency and reducing energy consumption in the
tunnel are obtained by using TOPSIS theory and CFD fluid
simulation software (Wu et al., 2021). In order to ensure the
accuracy of numerical simulation results, the distribution of air
flow velocity in the tunnel is studied by using numerical simulation
technology and field in-situ measurement method, focusing on the
key factors that may affect the accuracy of numerical simulation
results (Wen et al., 2022). Through the comparison of results, only a
few points with large errors are observed near the tunnel wall, so as
to ensure the accuracy and reliability of numerical simulation
calculation (Krol et al., 2019).

It can be seen that scholars and engineering technicians at home
and abroad have done a lot of work on long-distance tunnel
ventilation, high gas tunnel ventilation, numerical simulation of
air flow field distribution in the tunnel and gas concentration
migration law in the tunnel, optimization of ventilation scheme,
etc., but for the multi working faces facing horizontal and horizontal
inclined shafts in the main tunnel, the research on construction
ventilation of ‘special-shaped’ extra long high gas railway tunnel
under the coupling effect of high-risk source of lenticular cystic gas,
which is very difficult to detect, is very rare. Therefore, this study
takes the construction ventilation of the Banzhulin Tunnel (as
shown in Figure 1), a controlled engineering project along the
newly built Xubi Railway (Sichuan Yunnan Section), as the
engineering background. COMSOL Multiphysics, a multi physical
field fluid calculation software, is used to simulate and calculate the
transport law of return air flow in the tunnel under different working
conditions such as double and multiple working faces, as well as the
turbulent flow law of the “Y-shaped” fork, And together with project
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technicians, we developed a PLC dual power supply full time stable
and self starting air supply control program, which greatly reduces
the construction risk of unknown cystic gas sources in the tunnel
transverse tunnel construction area, ensures construction progress
and safety, and provides a theoretical and technical basis for similar
tunnel construction in southwestern China.

2 Theory

2.1 Conditional hypothesis

The following assumptions are made for the air flow in the
tunnel: ①Ignoring the friction and heat dissipation between the air
flow and the tunnel wall during the movement, the whole air flow
field is defined as a constant temperature flow field. The tunnel wall
is in an isothermal state, and there is no chemical reaction during the
air flow movement (Giuseppe and Massimo, 2001).②The wind flow
can continuously fill the whole tunnel during movement, which will
be regarded as continuous medium (Mats. 2000).③The air flow
velocity in the tunnel is relatively slow and will not cause significant
changes in temperature and pressure in the tunnel. The impact of
changes in air flow density and volume on the final calculation
results can be ignored, and the air flow is regarded as incompressible
fluid (Wang et al., 2010).④The wind flow in the tunnel is regarded
as steady-state turbulence, which has isotropic turbulent viscosity,
and the aerodynamic viscosity coefficient is treated as a scalar (Du
and Bian, 2018).

2.2 Governing equations

Tunnel air flow follows three basic laws: mass conservation,
momentum conservation and energy conservation. In this
simulation, the turbulence or eddy current of the return air flow

at the “Y-shaped” fork under different working conditions is mainly
studied. Therefore, on the basis of following the basic laws, the
turbulent transport and eddy current conduction need to be
considered. Therefore, when simulating the air flow in the
tunnel, it is regarded as an incompressible stable turbulence.
Using the model of k − ε, the control equations are shown in Eqs
1–3 below (Hisashi et al., 2003; Li. 2014; Castellano et al., 2016; Xin.
2016; Zhang. 2016; Yuan. 2017; Chang et al., 2019; Shi. 2019; Liu
et al., 2021; Vasilyev et al., 2021).
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FIGURE 1
Banzhulin tunnel site.
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Where: η is the viscosity coefficient of fluid molecules; ηt is the
turbulent viscosity coefficient; p is the fluid pressure, Pa;ρis the
density of air, kg/m3; c1 and c2 are constants; τε is eddy current shear
stress (Reynolds stress), Pa; ε is eddy viscosity, m2/s.

In the above equation, Eqs. 1-1, 1-2, 1-3 are the specific
expressions of SA in Eq. 1 respectively, Eq. 2 is the continuity
equation and Eq. 3 is the fluid eddy current momentum flux, u/
v/w represent the velocity components in x/y/z directions
respectively. When A is equal to u/v/w Eq. 1 represents the
momentum equation, and SA of equation 1-1) represents Su, Sv
and Sw respectively. When A is equal to k, Eq. 1 represents the
turbulent k-equation and Eq. 1-2 represents Sk. When A is equal to ε,
Eq. 1 represents the equation of turbulent kinetic energy dissipation
rate ε, and Eq. 1-3 represents Sε.

3 Numerical simulation

3.1 Model establishment

The main tunnel of Banzhulin tunnel has a total length of
12758 m and a maximum buried depth of 570 m. It is divided into
three work areas: main tunnel (5848 m), adit (3500 m) and inclined
shaft (3410 m). The adit work area includes flat guide tunnel
(3,641.3 m) and transverse passage (spacing 420 m). In the
process of numerical simulation, there have been a lot of
previous studies on the flow field distribution in single head
forced ventilation, which will not be repeated here. This study
focuses on the simulation and calculation of the return air flow
field distribution in the first, second and third stages of ventilation in

FIGURE 2
Ventilation and equipment layout in different phases. (A) Phase 1 of tunnel ventilation. (B) Phase 2 of tunnel ventilation. (C) Phase 3 of tunnel
ventilation.
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the cross tunnel work area. The layout of ventilation stages and
ventilation equipment in each construction is shown in Figure 2.

The physical model is established according to the actual
situation of Banzhulin tunnel, and the three working conditions
in Figure 2 are analyzed respectively. The dimensions are set
according to the actual dimensions of the tunnel, as shown in
Table 1. The advancing direction of the tunnel heading face is
the negative direction of the Z-axis. The heading face is on the X-Y
plane, and the diameter of the air duct in the main tunnel is 1.5m,
and the diameter of the air duct in the flat guide tunnel is 1.6 m.

3.2 Parameter selection and boundary
condition setting

The air outlet of the air duct is selected as the speed inlet in
different stages. The inlet wind speed is different according to the
ventilation distance, as shown in Table 2. The adit inlet is selected as
the pressure outlet of total return air flow, and the relative pressure is
set as 0Pa. All walls in the tunnel are defined as fixed walls, which are
non-slip and insulated. The parameter selection of the model is
shown in Table 3.

3.3. Analysis of gas accumulation position in
return air flow

It can be seen from Figure 2 that the return air flow of ventilation
in each stage converges to the cross tunnel from everywhere and
then is discharged out of the tunnel. At the same time, according to
the previous deep hole exploration data, irregular lenticular cystic
gas sources are distributed in the surrounding rock of the adit and

flat guide tunnel. In this study, we focus on the velocity (Figure 3),
pressure (Figure 4), shear rate (Figure 5), eddy current (Figure 6) of
the return air flowwhich are located at the “Y-shaped” turnout of the
adit and flat guide tunnel, and at the fork of the flat guide tunnel and
transverse passage, as follows.

Figure 3 shows the area with small wind speed in the return air
flow of three different ventilation phases. In phase 1, as shown in
Figure 3A, the areas with low wind speed are mainly concentrated in
the following positions: the corner of main tunnel and adit (large
mileage side); Half of the space of the adit (small mileage side), with
a length of about 38 m. In phase 2, as shown in Figures 3B–D, the
areas with small wind speed are mainly concentrated in the
following positions: the corner of flat guide tunnel and adit
(small mileage side); The wall attached strip area (large mileage
side) in adit is about 200 m; The intersection of flat guide tunnel and
transverse passages of No. 3 and No. 4 respectively; The wall
attached strip area near No.4 transverse passage in flat guide
tunnel (main tunnel side) is about 140 m. In phase 3, as shown
in Figures 3E–G, the areas with low wind speed are mainly
concentrated in the following positions: the corner of flat guide
tunnel and adit (small mileage side); The wall attached strip area
(large mileage side) in adit is about 200 m; The corners of the flat
guide tunnel and transverse passages of No. 6 and No. 7 respectively;
The wall attached strip area near the transverse passage of No. 7, and
on the side of the main tunnel in the flat guide tunnel is about 140 m.

The figures in Figure 4 show the areas with low pressure in the
return air flow. In phase 1, as shown in Figure 4A, the areas with low
pressure are mainly at the following positions: the corner of adit and
main tunnel (small mileage side); The corner of adit and flat guide
tunnel (large mileage side). In phase 2, as shown in Figures 4B–D,
the areas with low pressure are mainly concentrated in the following
positions: the corner of flat guide tunnel and adit (large mileage

TABLE 1 Physical model size.

Name Main tunnel Adit Flat guide tunnel Transverse passage

Width(m) 5.9 7 5.85 5

Heigh(m) 7.6 6.15 6.95 6

Interval(m) 420 (Length is 50 m)

Notes: All the above widths and lengths are the net dimensions of the section after the initial support.

TABLE 2 Inlet wind speed at different phases.

Heading face 1 (m/s) Heading face 2 (m/s) Heading face 3 (m/s)

Phase 1 18.46 16.22

Phase 2 18.46 24.8 27.37

Phase 3 24.8 27.37 31.14

TABLE 3 Model parameter setting.

Solver Algorithm Time attribute Speed attribute Energy Viscosity equation

Full coupling Unsteady flow algorithm Unsteady Absolute speed Energy equation k − ε
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side); The intersection of flat guide tunnel and No. 3 transverse
passage andNo. 4 transverse passage. In phase 3, as shown in Figures
4E–G, the low pressure areas are mainly concentrated at the corner
of flat guide tunnel and adit (large mileage side), and the intersection
of flat guide tunnel and No. 3, No. 4 transverse passage.

Figure 5 shows the area with large shear rate in the return air
flow in different ventilation stages. The shear rate of return air flow
in a tunnel refers to the velocity at which the fluid decreases at right
angles. The greater the shear rate, the more the smaller the velocity at
this position, and the smaller the wind speed, the easier it is to form
gas accumulation. In phase 1, as shown in Figure 5A, the areas with
large shear rate are mainly concentrated in adit near the main tunnel

(middle of the tunnel and large mileage side), and the wall attached
strip area near the flat guide tunnel of adit (large mileage side), with a
length of about 60 m. In phase 2, as shown in Figures 5B–D, the
areas with large shear rate are concentrated in the following
positions: the corner of transverse passage and flat guide tunnel
(small mileage side); The wall attached strip area near the corner in
adit (large mileage side), with a length of about 60 m; The wall
attached strip area near No. 3, No. 4 transverse passage corners in
the flat guide tunnel (both sides of the wall exist), with a length of
about 43 m. In phase 3, as shown in Figures 5E–G, the areas with
large shear rate are basically the same as that in phase 2. Due to the
different wind speeds at the air outlet of heading faces, a wall

FIGURE 3
Areas with low wind speed in return air flow at each phase.

FIGURE 4
Areas with low pressure in return air flow at each phase.
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attached strip area (small mileage side) is added in adit, which is
more close to the return air outlet, with a length of about 108 m.

Figure 6 shows the sizes of vortex area in different ventilation
stages. Unlike Figures 3, 4, 5, which confirm the vortex position from
wind speed, pressure and shear rate respectively, the expression of
vortex size in the whole return air flow channel in Figure 6 is more
intuitive and clear. In phase 1, as shown in Figure 6A, the eddy
current range is the largest at the corner of the main tunnel and the
adit near the tunnel center line, and at the wall attached strip area
(large mileage side) near the flat guide corner in adit, with a length of
about 10 m. In phase 2, as shown in Figures 6B–D, the eddy current

is the largest in the wall attached strip area near the corner of the flat
guide tunnel (both the large mileage side and the small mileage side)
in adit and the wall attached strip area near transverse passages of
No. 3 and No. 4 in the flat guide tunnel. In phase 3, as shown in
Figures 6E–G, the positions of the area with large eddy current are
the same as that in phase 2. The length of the eddy current region is
basically consistent with that of the region with large shear rate.

To sum up, the wind speed, pressure and shear rate of return air
flow can reflect the position where vortex is easy to occur in the
return air flow channel. According to the statements in Figures 3, 4,
5, combined with the situation that there are irregularly distributed

FIGURE 5
The areas with high shear rate in the return air flow at each stage.

FIGURE 6
Vortex size in return air flow at each stage.
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bladder gas sources in the adit and flat guide tunnel surrounding
rock of Banzhulin tunnel, and they escape into the tunnel through
the cracks of surrounding rock and tunnel bottom. In adit: the key
parts include the corner positions on both sides at the intersection of
the main tunnel, the wall attached strip area on both sides, the corner
positions on both sides at the flat guide corner and the wall attached
strip area on the side of large mileage. In the flat guide tunnel, the key
parts include the air flow intersection at the corner of each transverse
passage and adit, the corner position on the obtuse angle side and the
wall attached strip area near the main tunnel on the small mileage
side. The position and size of vortex obtained in different ventilation
stages are basically the same. The greater the shear rate at the corner
in the return air flow channel, the smaller the wind speed and wind
pressure. Such parts are easy to form vortex areas, resulting in gas
accumulation (Huang. 1999; Wang et al., 1999; Wang. 2009; Park
et al., 2018; Ren et al., 2018). The expression of the eddy current size
formed in the return air flow channel under different ventilation
conditions in Figure 6 confirms with the expression of the eddy
current occurrence position determined in Figures 3, 4, 5.

4 Field measurement and technical
measures

4.1 Filed measurement

Because the Banzhulin Tunnel is located in the mountainous
area, the construction electricity is supplied by non-permanent
lines, and sometimes the main power supply is cut off. The
transverse tunnel of Banzhulin tunnel is a high gas area and
the unknown parts of surrounding rock continue to diffuse gas

into the tunnel, which is easy to cause gas accumulation in the
tunnel and seriously affect the construction safety. Therefore,
multi-parameter gas real-time sensor is arranged in the vault of
tunneling working face, in front of the excavation bench, at each
corner of the tunnel and in front of the secondary lining trolley.
These sensors transmit real-time data to the centralized control
center outside the tunnel through the explosion-proof wire, as
shown in Figure 7.

FIGURE 7
Multi parameter gas real-time monitoring system.

FIGURE 8
Change of gas concentration in total return air flow after power
failure of main power supply.
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In this study, the change of gas concentration in the total return
air flow monitored after the main power supply was cut off during a
normal construction period was selected. The gas concentration
measured by the gas monitor at the secondary lining trolley was used
as the gas concentration in the total return air flow, as shown in
Figure 8.

It can be seen that after power outage, the gas concentration in
the tunnel accumulates rapidly, and the gas concentration in the
total return air flow exceeds 0.3% within 81 s. After the standby
power supply was started, the gas concentration in the total return
air flow began to decrease at 108 s, and the period from 108 s to 175 s
was the process of fresh air flow being sent from the tunnel entrance
through the air duct to the tunneling work and the dirty air being
discharged. The gas concentration from the standby power to the
total return air flow is reduced to less than 0.3%, which takes 111 s,
while the standby power needs to be manually started, which takes
108 s. Therefore, through this case, it can be concluded that when
the main power supply fails, the use of manual start-up of standby
power is time-consuming and inefficient, and the gas concentration

is easy to alarm or even exceed the limit, which is easy to cause safety
hazards. Therefore, ensuring 24-h uninterrupted ventilation has
become the main measure to prevent the risk of gas accumulation.

4.2 Self-starting uninterrupted ventilation
power supply system

According to the actual situation on site, the project technical
team developed the PLC air supply control program (Niu et al.,
2019), which is mainly used to seamlessly connect the main power
supply and standby power supply. If the main power supply is
powered off, the program can immediately and automatically start
the standby power supply, and the fan does not have to be shut down
and restarted to ensure continuous and uninterrupted air supply
(Luo and Song, 2016). The flow chart of main power outage and
power restoration is shown in Figure 9.

In Figure 9, (1), (2), (3), (4), (5), (6), (7), and (8) represent the
equipment operation sequence and process. No. 1 parallel controller
and No. 2 parallel controller are normally connected with No.
1 standby power supply and No. 2 standby power supply
respectively, and automatic parallel communication is connected
between No. 1 and No. 2 parallel controllers; The main power supply
and standby power supply units are normally connected with their
corresponding universal circuit breakers. After the active source
fails, the float charger changes the input to the output to provide
electric energy for the programmable controller, parallel controller
and standby power controller. After the programmable controller
fails to receive the electric energy provided by the main power
distribution box, it will automatically start the preset program and
send the signal that the main power supply has been cut off to the
parallel controller, The paralleling controller sends a start command
to the corresponding standby power supply respectively, and
paralleling is carried out after judging that No. 1, No. 2 standby
power supply meets the paralleling conditions. After receiving the
electric energy output by the standby power supply after parallel
operation, the programmable controller sends a disconnection
command to the universal circuit breaker in the main power
supply line and a closing command to the universal circuit
breaker in the standby power supply line; The dual power
automatic transfer switchgear connected to the fan automatically
switches the switch to the standby power supply line. So far, the
standby power supply line forms a closed loop to supply power to
the fan for uninterrupted air supply.

When the main power supply is restored, the programmable
controller receives the current signal from the distribution box of the
independent power supply, sends the command of power-off of the
standby power supply to the parallel controller, and the parallel
controller sends the power-off command to the standby power
controller, and the standby power controller immediately stops
the standby power supply, After receiving the signal that the
standby power supply has been powered off (that is, after the
programmable controller cannot receive the electric energy
output by the standby power supply), the programmable
controller feeds back the disconnection command to the
universal circuit breaker of the standby power supply line, and
sends the closing command to the universal circuit breaker of the
main power supply line at the same time, The dual power automatic

FIGURE 9
Flow chart of air supply control procedure.
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transfer switch equipment automatically switches the switch to the
main power line after receiving the feedback from the universal
circuit breaker. So far, the main power supply is restored to normal
power supply, and the fan provides uninterrupted air supply.

4.3 Comparative analysis of effect

According to the above content, the operation reliability and
operation effect are tested after the start-up of the dynamic
uninterrupted power supply ventilation program is designed. The
test results are shown in Figure 10.

It can be seen that under normal ventilation, the gas
concentration in the total return air flow is low and the variation
range is small. At the 34 s, the main power supply is powered off, and
the gas concentration in the total return air flow increases rapidly
and continuously. At the 51 s, the air supply is restored, and the gas
concentration in the total return air flow decreases rapidly to the
normal value. It takes 17 s to restore ventilation from the main
power supply to the heading face, which is only 15.74% of the time
required before the measures are taken. During this period, the
switching between the main power supply and the standby power
supply is instantaneous, and the time-consuming can be ignored.
The time is the time required for the fresh air flow from the outside
of the tunnel to the heading face through the air duct and the
accumulated gas is wrapped up in the path of the multi-parameter
gas monitor passing through the secondary lining trolley.

Most importantly, after adopting the self-starting uninterrupted
power supply ventilation technology, the gas concentration in the
total return air flow did not alarm during the power supply
switching process, which proved that the technology was rapid,
stable and reliable.

5 Conclusion

In this study, combined with the practical problems of
ventilation in multiple heading faces of extra long railway tunnel
under different working conditions under complex geological
conditions, the numerical simulation calculation and practical
technical improvement research are carried out, and the
following conclusions are drawn.

(1) In the numerical calculation results obtained in different
ventilation stages, the vortex position and vortex range are
basically the same. The total return air channel length and
the air outlet velocity of the air duct in the heading face have a
certain impact on it, but the results are roughly the same. The
position of the vortex can be determined by the wind speed and
pressure of the return air flow, as well as the shear rate of the
return air flow.

(2) This study focuses on the location and scope of cross tunnel and
flat guide where gas in surrounding rock is easy to escape into
the tunnel, and vortex is easy to occur in the path of return air
flow, which is easy to form local accumulation of gas. Based on
the calculation results of various ventilation stages, it is easy to
generate eddy currents at the corners of the tunnel in the
horizontal tunnel and the horizontal guide, and the eddy
currents are mostly strip shaped areas attached to the
tunnel wall.

(3) In addition to adding necessary gas monitoring instruments in
the return air flow channel, good ventilation effect is an
important means to solve the local accumulation of gas.
Therefore, the project technical team has developed the PLC
air supply and power supply program to ensure the
uninterrupted ventilation of the fan for 24 h, so as to ensure
better dilution and entrainment effect in case of gas
accumulation. The ventilation power supply program solves
the problem of manually starting the standby power supply and
restarting the fan after the main power supply of the fan is
powered off. All operation instructions are programmed in
advance and preset in the programmable controller to
achieve the purpose of automatic power switching. By
analyzing the change of gas concentration in the total return
air flow after the main power supply is cut off and the time
interval between the start-up and supply of the standby power
supply before and after the measures are taken, it can be seen
that the recovery time after the measures is shortened to 15.74%
of the original time, and the concentration is not exceeded. It
shortens the time of restarting the fan and effectively reduces the
risk of gas accumulation and overrun, which has good practical
significance.
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FIGURE 10
After adopting uninterrupted power supply ventilation
technology, the gas concentration in the total return air flow changes
after the main power supply is cut off.
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