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As the length of the tunnel continues to increase, it will be common for a single fan to undertake the ventilation of two or more tunnel faces. However, the construction of multiple faces in a single tunnel will lead to a complex construction environment in the tunnel, the mutual interference of ventilation, and difficulty in discharging pollutants. Based on the simultaneous construction of multiple tunnel faces in a single tunnel, this study analyzed the transport law of pollutants. The diffusion laws of carbon monoxide and dust in multiple-face tunnels under different working conditions were obtained by numerical simulation. It was found that when both sides of the tunnel are ventilated at the same time, the airflow in the tunnel is spiral, the vortex zone will appear near both sides of the face, and the vortex and unstable airflow will appear at the intersection with the inclined shaft. The airflow in the non-equal-length tunnel at both sides is more disordered than that in the equal-length tunnel, and there will be a wider range of eddy currents at the intersection. The change of dust diffusion in the non-equal-length tunnel at both sides is not obvious, and the length of the multiple-face tunnel has little effect on dust settlement and diffusion. The research results are of great significance for improving the construction environment of tunnel faces and improving the working conditions of personnel.
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1 INTRODUCTION
The tunnel plays an important role in the highway, which can shorten the driving distance, improve transportation capacity, and reduce accidents (Ma et al., 2021; Fang et al., 2022; Liu et al., 2023). With the continuous development of tunnel construction, the tunnel length has become increasingly longer (Liu et al., 2020). In order to shorten the construction period, inclined shafts are often used to increase the construction face, which will increase the number of working faces (Zhao et al., 2023). However, each face needs enough fresh air during the working period, which leads to higher requirements for the ventilation system. Due to the area of the inclined shafts, the situation in which a fan provides air to two or three tunnel faces at the same time will become more common. In the case of no restrictions, the airflow will flow to the side with less resistance, resulting in very little air volume on the other side. Therefore, when a fan supplies air to multiple faces, it is necessary to artificially interfere with the airflow to make it reach the required face.
In the process of tunnel construction, blasting, excavation, and transportation of slag, shotcrete, a lot of harmful gases, and dust will be produced (Rodriguez and Lombardia, 2010; Liu et al., 2012; Rodriguez et al., 2012; Shao et al., 2016). In some specific geological conditions, combustible gases may be produced. In a tunnel constructed by the drilling and blasting method, a lot of poisonous and harmful gases will be released after the explosion (Fang et al., 2016). In addition, the exhaust gas produced by the internal combustion engine of the mechanical equipment and the working vehicle will also be discharged into the tunnel (Lang et al., 2016; Lin et al., 2017; He and Jiang, 2018; Li et al., 2018). Because the tunnel is semi-closed during construction, it is difficult to remove pollutants from it. When one fan supplies air to multiple faces, the pollutants from multiple faces will also gather and discharge from the same auxiliary construction tunnel, further increasing the difficulty of ventilation and sewage.
In order to guarantee the physical and mental health of tunnel construction workers and to ensure the smooth development of tunnel construction, scholars have carried out plenty of research. Hargreaves DM et al. simulated an airflow field in a roadway to provide theoretical guidance for design (Hargreaves and Lowndes, 2007). Haas A and RAO Am built a three-dimensional mathematical model of a tunneling construction tunnel and studied the wind flow characteristics near the face by using the CFD method, providing a basis for tunnel construction design (Haas et al., 2002; Rao et al., 2015).
For the problem of a single fan with multiple faces, many scholars have focused on the ventilation mode of the air-box. Many scholars have carried out optimization research on the length, width, and partition length of the air-box. Tao et al. used field tests and three-dimensional numerical models to study the effects of box length, partition length, and fan arrangement on ventilation efficiency (Tao et al., 2022). Cao (2016) obtained the calculation formulas of the influence coefficient of the length, width, and height of an air-box through numerical simulation, concluding that the air-box increased the air volume by 19.9%. Luo Gang obtained the optimal length and height of an ordinary air-box (Luo et al., 2020). Luo Yanping adopted a three-dimensional numerical model and concluded that the air-box can better control the air volume at the outlet of the air duct of the working face and reduce the length and angle of the air duct, thus reducing air leakage and wind pressure loss (Luo et al., 2019). Song Junxiu adopted the control variable method and determined the optimal air-box size based on the efficiency of the fan, the total wind pressure, and the smoothness of the airflow (Song et al., 2020). Yang Shanshi concluded that the ventilation efficiency of the fan connection type is the best, the blowdown capacity in the tunnel is good, followed by the airbox connection type, and the press-in type is the worst (Shan-shi et al., 2022). Zhou Shuiqiang analyzed the CO concentration distribution in tunnels under the two modes of press-in ventilation and air-box ventilation by numerical simulation, concluding that the air-box can greatly extend ventilation distance, improve ventilation efficiency, and effectively improve CO concentration distribution in tunnels, which is of great significance for multiple-face ventilation in long tunnels (Zhou, 2018). The influence of factors such as the spacing position of the air-box, the length of the air-box, and the relative position between the air-box and the air duct in relation to the air volume and pressure is also studied. Through comparison and analysis, the most reasonable air duct layout can be obtained so as to effectively improve the CO concentration distribution in the tunnel. Taking Jingguashan Tunnel as the research background, Li Yong considered three different ventilation modes to provide a reference for the long tunnel with multiple-face air supply (Li et al., 2013). Based on the research background of the West Qinling Tunnel, Dou Xiaotian explored the ventilation scheme under the condition of two hand ways of air supply in the inclined shaft and focused on the relay ventilation method of the air chamber, which economically and efficiently improved the working environment in the construction tunnel (Dou and Chen, 2011). Chen Haifeng took Changhongling Tunnel as the research object and conducted a detailed study on the variation rule of the flow field in the air-box used in the tunnel, the reasonable disposition position of the fans, and its influence on the flow in the box (Chen, 2022). Xin Guoping also took Changhongling Tunnel as an example, focusing on the ventilation scheme of the combined ventilation of the divided roadway and air duct, studying several key parameters, and designing three dynamic schemes with good ventilation effect (Guoping, 2015). Liu Guoping proposed a new ventilation scheme of small air-box relay ventilation, aiming at the ventilation scheme under the condition that the air supply of the inclined shaft is driven into two faces in both directions and the tunnel section is small, making the ventilation distance reach 6,386 m at its longest (Liu, 2013). Li Xiuchun put forward the ventilation method of “shaft + air box + air duct” based on the research background of complex underground air storage tunnels and explored the airflow characteristics and ventilation efficiency of the air bin under different parameter sizes and the optimal fan placement situation (Li et al., 2015).
The aim of this study is to master the migration and distribution of pollutants when facing multiple faces during tunnel construction, to master the laws of ventilation and drainage in the construction of tunnels with multiple faces, and to provide solid theoretical support for the ventilation methods and technologies employed in the construction of these tunnels. The numerical simulation method is used to analyze and study the characteristics of airflow field and pollutant migration and discharge in tunnels during construction and to explore the characteristics of airflow and the law of pollutant diffusion and migration under different construction conditions.
2 GOVERNING EQUATION OF TUNNEL AIRFLOW
The airflow in the tunnel follows the basic conservation laws of mass conservation, momentum conservation, and energy conservation. The following are the basic equations of motion for three-dimensional unsteady viscous fluids:
(1) Mass conservation equation: According to the law of conservation of mass, in fluid mechanics, the net mass per unit time flowing into the fluid cell is equal to the increase in mass in the fluid cell, and the equation is as follows:
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where ρ is density, kg/m3; t is time, s; and u, v, and w are the components of the velocity vector u in the x, y, and z directions, respectively.
(2) Momentum conservation equation: According to the law of conservation of momentum, the sum of all external forces acting on the microelement is equal to the change rate of the momentum of the fluid in the microelement with respect to time, and the equation is as follows:
[image: image]
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where fx, fy, and fz are the components of the volume force acting on a unit mass gas in the x, y, and z directions, respectively, N/kg; μ is aerodynamic viscosity coefficient, kg⋅s/m2.
(3) Energy conservation equation: The net heat flow into the cell plus the work done by the physical and surface forces on the cell is equal to the increase rate of energy in the cell; the equation is:
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where e is internal energy per unit mass of gas, J/kg; k is coefficient of heat conduction, W/m⋅K; [image: image] is, in addition to heat conduction, the applied heat to a unit mass gas per unit time, J/kg⋅s; and T is temperature, K.
During tunnel excavation blasting, a large amount of smoke will be formed in front of the tunnel face, which is called the smoke throwing area. In the case of ventilation, the diffuse smoke in the tunnel will gradually move along the direction of fresh air to the inclined shaft, which is a dynamic change process. The displacement process of blast smoke pollutants satisfies the law of conservation of mass, Fick’s first law, and Boshenick’s hypothesis. The diffusion equation during its migration can be expressed as:
[image: image]
where ϕ is particle CO mass concentration, mg/m3.
According to Boshenick’s hypothesis:
[image: image]
where [image: image] is the average CO concentration, mg/m3; ϕ′ is the pulsating value of CO concentration, mg/m3.
The instantaneous value of CO mass concentration in blast smoke is the sum of the average value of CO concentration and the fluctuation value of concentration. Because the smoke pulsation is usually random, its value is approximately zero, and the disturbance to the mass concentration of carbon monoxide is small, so it can be ignored in the actual calculation. Similarly, the instantaneous wind speed in the x, y, and z-axes can also be ignored because of the pulsation value. In summary, the following formula can be obtained:
[image: image]
This equation is the differential equation of CO migration in a single-head roadway.
The movement of dust in the tunnel belongs to a kind of gas–solid two-phase flow, and the mathematical models describing the gas–solid two-phase flow can be divided into two categories, namely, a continuum model and particle orbit model. For the convenience of the study, dust transport in the tunnel is regarded as a continuous medium.
In the tunnel, the main factors of dust diffusion are airflow convection, diffusion movement, and turbulent pulsation diffusion. The causes of dust deposition along the height direction are gravity deposition, diffusion deposition, turbulent diffusion, and deposition, among others.
3 TYPICAL MULTIPLE-FACE TUNNEL CONSTRUCTION
Due to the increasing length of tunnels, the proportion of multiple-face tunnel construction is increasing. Whether in the excavation of a highway tunnel or the construction of an underground tunnel group for a hydropower station, multiple-face tunnel construction will occur. The so-called multiple-face tunnel construction refers to the simultaneous construction of multiple faces in a single tunnel. Considering the problem of the section area of the inclined shaft, it is often impossible to provide a dedicated ventilation system for each face, and only the fresh air in one air duct can be transported to different faces by shunt. After cleaning each face, the air is finally collected and discharged in the auxiliary construction tunnel (inclined shaft or special ventilation tunnel). At present, tunnels forming multiple working faces can be divided into two cases: the auxiliary construction of a ventilation shaft leads to the increase of the working face, and the special auxiliary tunnel construction leads to the increase of the working face. The following three typical multi-face construction situations are introduced through actual construction cases.
Tianshan Shengli Tunnel is 22.035 km long and belongs to the extra-long tunnel. The tunneling distance is up to 11 km. Using TBM to excavate the middle drift, the advantage of the lead of the middle drift was used to enter the main tunnel through the transverse tunnel to open up the working face. In this way, the speed of tunnel penetration could be achieved. During the construction period, due to the space limitation of the middle drift, only four fans could be arranged. However, seven faces were constructed at the same time. The ventilation of the tunnel is shown in Figure 1A, where the 1# fan supplies air to three faces, and the 2# fan supplies air to two faces.
[image: Figure 1]FIGURE 1 | Ventilation organization diagram of typical multiple-face construction tunnel.
Wulaofeng extra-long tunnel is a double-line separated tunnel with the length of 8.340 km. Wulaofeng Tunnel has two ventilation inclined shafts. Ventilation incline can be used as an auxiliary passageway during construction. During the construction period, after the inclined shaft entered the main hole, there were four faces working at the same time in the shafts, and the ventilation mode is shown in Figure 1B. Due to the small section of the inclined shaft, only two fans could be arranged to provide fresh air for the four faces.
Xisujiao 2# Tunnel is 1823.5 m long. The tunnel structure is multi-arch–small clear distance–separate type–small clear distance–multi-arch. Because the entrance and exit of the Xisujiao 2# tunnel is steep, it is impossible to enter the main tunnel. Therefore, on the northwest side near the exit portal, a construction adit was excavated to enter the main tunnel. The length of the construction adit is 763.5 m. During the construction period, two fans were arranged at the portal of the construction adit to provide fresh air to the four faces of the main tunnel. The ventilation mode is shown in Figure 1C.
With the deepening of construction in the west of China, there will be more and more multiple-face construction situations, and the migration characteristics of pollutants in multiple-face construction tunnels also need further in-depth study. Through the actual investigation of the ventilation conditions of the above tunnels, it is found that the construction of multiple faces will not only occur in long tunnels but also in short tunnels. Once one fan provides fresh air to multiple faces at the same time, the environmental state of the tunnel will be very bad, and the connection mode of the duct will also affect the airflow, which will then affect the air supply of the face. Therefore, the characteristics of airflow and the transport characteristics of pollutants during the construction of multiple palm surfaces are required to be examined first.
4 STUDY ON THE LAW OF POLLUTANT DIFFUSION IN AN EQUAL-LENGTH TUNNEL AT BOTH SIDES
4.1 Geometric model and boundary condition setting
It is generally believed that if the two sides are equal in length, the airflow will be more uniform, so the situation of equal length at both sides must first be studied. In this case, if the ventilation effect is indeed very good, which can be achieved through the adjustment of the construction organization, the geometric model in this study is set as follows: the tunnel section has a radius of 5.9m, the excavation construction tunnel is divided into left and right parts, each side is 200 m long (equal length on both sides), and the ventilation inclined shaft perpendicular to the construction tunnel is 75 m long, which is especially excavated for the ventilation of the multiple-face tunnel construction. The ventilation modes of the two tunnel tunnels are compressed ventilation, and the tunnel of the two palm faces is used for air supply and pressure regulation. The air duct is arranged in the center of the inclined ventilation shaft at a height of 3.5 m from the tunnel ground and in the construction tunnel at a side arch at 3.5 m from the tunnel ground. SCDM software has been used to model the geometric model and the Meshing module in Ansys Workbench for meshing. The tunnel geometry model and mesh division are shown in Figure 2, and local encryption is carried out near the palm surface and the wind duct, which not only improves the calculation accuracy but also saves computing resources.
[image: Figure 2]FIGURE 2 | Tunnel geometry model and meshing.
The CO produced by simulated blasting and dust produced by shotcrete has been studied. The boundary conditions are set in Tables 1–3.
TABLE 1 | Setting of boundary conditions for simulating carbon monoxide diffusion.
[image: Table 1]TABLE 2 | Calculation model for simulating carbon monoxide diffusion.
[image: Table 2]TABLE 3 | Discrete phase model parameter settings.
[image: Table 3]4.2 Study on CO diffusion law in construction of equal-length tunnel at both sides
In tunnel construction, the blasting process is an instantaneous process. It is generally believed that CO is an instantaneous pollution source and will evenly fill the space near the tunnel face. In this study, blasting operations carried out at both sides of the face are considered. Figure 3 shows the CO diffusion law after blasting. It can be seen from the figure that the produced carbon monoxide gathers near the tunnel face after blasting for 10 s. With the continuous action of fresh airflow and the molecular diffusion of CO molecules from high concentration to low concentration, it gradually migrates to the tunnel exit. At 50 s, the CO migrates to half of the tunnel at both sides. When approaching 200 s, the carbon monoxide produced by both sides of the tunnel reaches the intersection of the tunnel and the inclined shaft and moves toward the portal of inclined shaft. It can be seen that the concentration of carbon monoxide near the tunnel face is always high before 200 s, and the distribution range of high-concentration carbon monoxide gradually expands. Meanwhile, carbon monoxide fills almost the entire tunnel, while the concentration near the tunnel face continues to decrease. After 300 s, part of the carbon monoxide is discharged out of the tunnel, and the concentration around the tunnel face further decreases with continuous ventilation. The carbon monoxide diffusion of both sides of the tunnel face is symmetrical in distribution, and carbon monoxide is basically discharged out of the hole at 800 s.
[image: Figure 3]FIGURE 3 | The distribution of CO mass fraction at different moments of the equal-length tunnel.
The CO distribution cloud images of tunnel sections with different distances from the tunnel face were captured, as shown in Figure 4. It was found that the distribution of CO in the tunnel is opposite at 20 m and 30 m away from the face. At 20 m, CO gathers at the side near duct, and it gathers at the side far of duct at 30 m. A large range of the eddy current region will be generated near the tunnel face, and the airflow is relatively unstable, so carbon monoxide forms a spiral movement in the eddy current. Therefore, the distribution of CO concentration varies greatly at different locations. At the same time, it can be clearly seen that the CO concentration in the tunnel section presents a distribution of high in the middle and low in the periphery. The closer the tunnel wall is, the lower the CO concentration is, which indicates that the resistance along the tunnel wall will have a greater impact on the diffusion and migration of CO, so carbon monoxide will accumulate in the space with low resistance in the middle of the tunnel.
[image: Figure 4]FIGURE 4 | CO distribution cloud map at different distances from the palm surface at 300s.
Figure 5 describes the changes of carbon monoxide concentration in sections at different locations of the main tunnel and ventilation inclined shaft. The measuring points at 20 m and 40 m away from the outlet are 20 m and 40 m away from the portal of the ventilation inclined shaft. It can be seen from the figure that the change of carbon monoxide concentration on both sides is basically the same. With the exception of the carbon monoxide concentration at 50 m away from the face at both sides, other positions show a trend of increasing first and then decreasing.
[image: Figure 5]FIGURE 5 | Distribution of the average carbon monoxide concentration at different locations in the equal-length tunnel.
However, the scenario of pollution and the required air volume at both sides of the tunnel being the same is very rare in the actual construction. Therefore, the CO produced by blasting at only one side is studied. When calculating, the supply wind speed of one side to must be set 10 m/s and the other side to 25 m/s. The CO diffusion law at both sides of the tunnel was investigated.
Figure 6 shows the flow field vector diagram and flow diagram in the tunnel. It can be clearly seen from the figure that the average wind speed of the main tunnel on the side with large air supply volume is larger than that on the side with small air supply volume. In addition to the eddy current near the tunnel face, there are a local eddy current region and unstable flow fields in the main tunnels on both sides. This is because of the “collision and extrusion” of airflow on both sides of the main tunnels, creating a larger range of the eddy current region. In addition, the different air supply volume also makes the range of the eddy current disturbance region on both sides of the main tunnels different.
[image: Figure 6]FIGURE 6 | Flow field diagram of equal-length tunnel with different ventilation speeds.
The supply wind speed of one side must be reset to 20 m/s and the other side kept at 10 m/s. The CO diffusion is shown in Figure 7. It can be found that when the air supply volume of one side of the tunnel decreases, the influence of the airflow on the other side decreases, and CO can also be diffused and diluted faster. From the CO concentration cloud map, it can be seen that no serious carbon monoxide cross-flow occurs during the whole process of carbon monoxide diffusion in the right tunnel, and only a small amount of CO accumulation occurs at the intersection near the left tunnel after 125 s. The carbon monoxide in the tunnel is basically discharged at 325 s.
[image: Figure 7]FIGURE 7 | CO diffusion during single-end blasting in equal-length tunnels.
4.3 Study on dust diffusion law in construction of equal-length tunnel at both sides
Figure 8 shows tunnel dust dispersion and transport at different moments of slurry spraying. It can be seen that with the continuous progress of the slurry spraying process, the dust concentration in the tunnel gradually increases and gradually diffuses outside the tunnel following the airflow direction. The dust distribution of the palm surface of the two tunnels is relatively symmetrical. The dust produced by both sides of the palm faces reaches the intersection at 200 s and migrates together to the ventilation inclined shaft. There is a high concentration of dust accumulations at several time points at 30 m–60 m away from both sides of the palm surface, which is due to the existence of the eddy current region and low wind speed, resulting in the accumulation of dust particles nearby. The dust concentration in the tunnel tends to be stable, and the dust concentration distribution does not change much after 400 s, showing the distribution law that the dust concentration near the palm surface is large, and the concentration closer to the tunnel exit is smaller.
[image: Figure 8]FIGURE 8 | Three-dimensional cloud map of tunnel dust dispersion and transport at different moments of slurry spraying.
It can be seen intuitively in the dust concentration distribution near the palm surface (Figure 9) that a large amount of dust near the palm surface gradually settles to the tunnel floor, and the concentration distribution shows a stepped distribution. However, the dust farther away from the palm surface does not settle more significantly. This is because the dust that can move with the airflow has less mass and is difficult to settle, resulting in most of it being carried out of the tunnel with the fresh airflow. Figure 10 shows the dust concentration distribution of 10 m, 30 m, 50 m, and 100 m from the palm surface on both sides of the tunnel. It can be seen that the dust distribution law in the tunnel is roughly similar. The farther the distance from the palm surface, the lower the dust concentration, and this shows the characteristics of higher dust concentration at the bottom. This is also because the dust produced by the slurry spraying contains a large amount of large particle dust, which naturally settles to the bottom of the tunnel under the action of gravity. A small amount of dust moves with the flow direction of the wind, so the dust distribution concentration is higher near the wind duct, while the dust concentration is lower in the part away from the wind duct. That is to say, where the wind speed is higher, the dust concentration is lower.
[image: Figure 9]FIGURE 9 | Dust concentration distribution near the palm surface on both sides.
[image: Figure 10]FIGURE 10 | Distribution of dust concentration in the two tunnels at different distances from the palm face at 600 s.
When the tunnel length at both sides of the main tunnel is equal, the dust diffusion law at both sides is basically similar, and the dust concentration near the palm surface is always about 200 mg/m3, which exceeds the standard concentration stipulated by the state. Therefore, in the actual construction, it can not only rely on the ventilation system but through spraying water, air curtain dust removal, and other ways of reducing the dust concentration around the staff.
5 STUDY ON THE LAW OF POLLUTANT DIFFUSION IN A NON-EQUAL-LENGTH TUNNEL AT BOTH SIDES
During the construction period, it is very rare that the tunnel lengths at both sides of the tunnel are equal. The change of length directly affects the change of ventilation resistance and the airflow at both sides of the tunnel. This section investigates the migration and diffusion law of dust and CO when the two sides of the main tunnel are of different lengths.
5.1 Study on CO diffusion law in a non-equal-length tunnel at both sides
In order to study the influence of different lengths of the main tunnel on the ventilation efficiency of the tunnel under construction, two working conditions must be set, as shown in Tables 4, where the right tunnel is 100 m and the left tunnel is 200 m, and the carbon monoxide emission efficiency of the right tunnel must be compared when the length of the left tunnel is different.
TABLE 4 | Non-equal length tunnel carbon monoxide diffusion conditions.
[image: Table 4]Figure 11 describes the variation curve of carbon monoxide concentration in the central axis of human breathing height at 50 s–700 s. Comparing the concentration changes of the right tunnel under the two working conditions, it can be seen that when the length of the left tunnel and right tunnel are equal, the peak concentration at 50 s is located 38 m away from the palm surface of the right tunnel, and the peak mass fraction is 0.00339, and when the length of the left tunnel is twice that of the right tunnel, the peak concentration at 50 s is 0.00359, which is 25 m away from the palm surface of the right tunnel, showing that the diffusion speed of carbon monoxide is slower when the length of the left tunnel is lengthened. Compared with the mass fraction of carbon monoxide at other times, the CO concentration in the right tunnel is higher when the length of the left tunnel is longer. According to the analysis of the working condition in Figure 11A the distribution of CO after 200 s is relatively uniform, and there is no obvious peak value, as shown in Figure 11B. In other words, when the tunnel is longer, the CO diffusion speed at both sides of tunnel and the ventilation efficiency will be reduced.
[image: Figure 11]FIGURE 11 | Variation of carbon monoxide concentration in the central axis of human breathing height in multi-palm surface tunnels at different moments.
5.2 Study on dust diffusion law in a non-equal-length tunnel at both sides
When both sides of the non-equal length tunnel spray dust at the same time, the dust distribution and diffusion situation is similar to that of the equal-length tunnel analyzed above, and the distribution situation at different times is shown in Figure 12. Under the action of gravity, dust with large particles and heavy mass gradually settles to the bottom of the tunnel. At the same time, the dust with a small particle size is not uniformly diffused with the airflow, but under the action of adsorption between the dust, it gathers and attracts each other to form a larger “dust mass” that also settles under gravity, and only a small part of the small particle dust diffuses with the airflow. It can be seen from the figures of 500 and 600 s that there is more dust mass near the tunnel wall and the wind duct outer wall, indicating that dust moves close to the wall when it migrates in the tunnel. There is less dust mass in the ventilation inclined shaft. The closer to the palm surface, the higher the dust concentration is, and the closer to the ventilation incline, the lower the dust concentration and the less large dust.
[image: Figure 12]FIGURE 12 | Three-dimensional dispersion distribution of dust in non-equal-length tunnels at different moments.
The region that is within 25 m of the palm surface at both sides of the tunnel is called the rapid settling region of dust, where a large number of large dust particles settle to the ground and no longer raise. From the whole process of slurry spraying, the diffusion situation of the non-equal-length tunnel is basically the same as that of the equal-length tunnel. Although the airflow in the non-equal-length tunnel becomes more unstable due to the difference in distance, the dust is less affected by the airflow during the diffusion process, resulting in the tunnel length having less influence on the dust diffusion. In addition, there is a case of one side of the pollutant flowing to the other palm surface, but overall, the impact is small.
6 CONCLUSION
It is more and more common to excavate multiple faces at the same time in tunnel construction. When multiple different processes are carried out at the same time, the construction environment in the tunnel is more complicated, and the ventilation systems interfere more greatly with each other, which is not conducive to tunnel ventilation. At the same time, there may be channeling to other branch tunnels, polluting the working environment of other branch tunnels and increasing difficulties for the working environment in the tunnel. Therefore, this study focuses on the construction ventilation of multiple-face tunnels, and the main conclusions are as follows:
It is found that the concentration of carbon monoxide and dust is symmetrical when the tunnel length and ventilation condition are the same. In the process of carbon monoxide migration, carbon monoxide is gradually discharged to the inclined shaft in the form of high-concentration “air mass,” and the influence of tunnel wall resistance on its diffusion is significant. The influence of concentrations of carbon monoxide on each other is not obvious during a situation of single-end blasting and different air supplies at both sides.
In the non-equal-length tunnel, the dust diffusion change is not obvious, the tunnel length has little influence on the dust settlement and diffusion, and the dust concentration cannot be effectively reduced by simple ventilation. In addition, increasing the length of the tunnel at one side will reduce the diffusion rate of carbon monoxide at the other end, reducing the rate of discharge of gaseous pollutants.
In view of the increasing employment of multiple-face tunnel construction, future research should maintain an eye on the shunt of airflow and the traction of pollutants. There are many ways to control the airflow in the duct, including the air-box and damper methods. Fresh airflow can enter the face according to demand, and dirty air can also quickly enter the ventilation branch tunnel.
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