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Abstract: - In order to solve the problem of gas overrun during the construction of large section gas tunnel, this paper takes the Baima 

Tunnel as the engineering background and uses fluent numerical simulation software to study the gas transport law of the tunnel under 

different ventilation methods. The results indicate that when the tunnel is excavated for 1200m, the forced ventilation method cannot 

effectively solve the problem of gas overrun on the heading face. After adopting the gallery ventilation method, the gas concentration 

on the heading face decreases to less than 1%, which effectively solved the problem of gas overrun on the heading face and provided 

assistance for the safe construction of the project.. 
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I. INTRODUCTION  

With the rapid development of national economy, China's transportation industry is also developing rapidly. 

The number and mileage of tunnel construction in mountainous and hilly areas are constantly increasing. The 

majority of the gas tunnels built before 2000 were low-gas tunnels, while the number and length of high-gas 

tunnels increased significantly after 2000[1-3]. However, with the increase of gas quantity and the destruction of 

coal and rock, the incidence of gas accidents also increased, and the gas problem became one of the main problems 

in underground engineering construction in central and western China[4-5]. Therefore, many scholars at home 

and abroad have done a lot of research on tunnel gas prevention and control and have achieved certain results. 

Yan et al.[6] studied the prevention and control of gas hazards in a tunnel under construction. Zhang et al.[7] 

studied the regularity of gas emission and diffusion at tunnel face during tunnel construction. Some scholars 

studied that comprehensive exploration should be conducted using geological mapping, gas monitoring, and other 

methods to analyze the source of gas and predict the gas in the unexcavated surrounding rock[8-9]. Liu et al.[10] 

studied the influence of air duct layout on gas concentration in large section gas tunnel. In Wu’s study[11], 

Analyzed the source term estimation of natural gas leakage in utility tunnel by combining CFD and Bayesian 

inference method. Li Studied[12] the ventilation simulation of high gas long tunnel construction.  

This article established a mathematical model for ventilation during the construction of a large section gas 

tunnel, analyzed the different ventilation methods of the gas tunnel, and takes the Baima gas tunnel as an example 

to simulate and analyze the migration and distribution of gas in the airflow field using Fluent numerical 

simulation. The general characteristics of the airflow field and gas distribution in the gas tunnel under different 

ventilation methods are obtained, which provided reliable theoretical basis and technical support for taking 

reasonable measures to prevent gas overrun. 
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II. PROJECT OVERVIEW 

Baima extra long tunnel is located in Punan Village, Wujiao Township, Jiuzhaigou County, Sichuan Province, 

with a total length of 13013m. The Baima Tunnel is designed as a two-way six lane tunnel with a wide boundary 

for a single tunnel building×Height (m)=14.5×5m. The terrain of the tunnel body is high in the middle, with 

significant undulations. The terrain of the entrance and exit sections is relatively low, with an elevation of 2329-

3400 meters and a relative elevation difference of about 1100 meters. It is a tectonic eroded high and medium 

mountain landform. The average absolute gas emission of working face is 1.253m3/min. 

III. CALCULATION OF VENTILATION VOLUME IN TUNNEL CONSTRUCTION 

A.Standard for Air Volume Design and Calculation 

According to the specifications and related ventilation quality requirements, the absolute emission of gas, the 

maximum number of people required to work at the same time, the air volume required for internal combustion 

engine operation, the air volume required for blasting smoke exhaust, and the air return volume of gallery are 

calculated. 

B. Internal Combustion Machinery Needs Air Volume 

The template is used to format your paper and style the text. All margins, column widths, line spaces, and text 

fonts are prescribed; please do not alter them. You may note peculiarities. For example, the head margin in this 

template measures proportionately more than is customary. This measurement and others are deliberate, using 

specifications that anticipate your paper as one part of the entire proceedings, and not as an independent document. 

Please do not revise any of the current designations. 

The internal combustion equipment working at the same time in the tunnel is the most in the upper loading and 

secondary lining, and the air volume is the largest. Therefore, the main equipment is loader, slag transport vehicle, 

excavator and concrete transport tank truck. 

Internal combustion machinery needs air volume: 
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Where: Q1 is the air demand of internal combustion machinery, m3/min; k is the calculation coefficient of 

power ventilation, and the provisions are 2.8~3.0; N is the total number of internal combustion machinery; Ni is 

the provisional power of each diesel equipment; Ti is the operating utilization coefficient of each internal 

combustion engine equipment. 

C. Air Volume Required for Discharging Cannon Smoke 
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Where: Q2 is the air volume required for discharging cannon smoke, m3/min; G is the amount of explosive in 

simultaneous blasting (kg), G=168kg according to the site situation; A is the sectional area of the gallery, m2, 

A=170m2; L is the gallery length or critical length, m; ψ = 0.8; b is the harmful gas generated during explosive 

explosion, and b=100 is taken by blasting in coal seam; t is the ventilation time in the cave, t=20min; P is the air 

leakage coefficient of the air duct, and the air leakage rate of 100 meters is P100=2%. 

D. Air Volume Required to Maintain Minimum Dust Removal Speed 

3
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Where: S is the tunnel sectional area; v is the dust exhaust speed, v=0.25m/s=15m/min. 

E. The Staff Needs Air Volume 

3

4 50 4 200Q nq m / min= =  =                                                    (4)  

Where: q is the air supply per person per minute in the gas tunnel, q=4m3/min; n indicates the number of 

people working in the tunnel at the same time, n=50. 
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F. Air Volume Required To Dilute Gas 

When determining the ventilation volume required for gas dilution, it is necessary to conduct a gas drilling 

survey in advance to estimate the amount of gas occurrence and work out the ventilation volume to reduce the 

gas concentration below the allowable concentration. 
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Where: Q5 is the ventilation volume required by dilution gas, m3/min; V is gas emission (0.99m3/min). 

G Determination of Calculated Air Volume in the Tunnel 

Through calculation and comparison, the maximum air volume is required in the tunnel for the simultaneous 

construction of the ballast on the upper step and the secondary lining. The total ventilation volume in the tunnel 

is: 

min/42.6052 3
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IV. DESIGN OF CONSTRUCTION VENTILATION SCHEME 

A Purpose of Ventilation 

The purpose of ventilation in the construction stage of high gas tunnel is as follows: (1) Dilute the 

concentration of gas and harmful gases, such as excavator, loader, transport vehicle exhaust gas, smoke, et al. (2) 

Lower the temperature; (3) Provide fresh air (mainly oxygen). 

B The Choice of Ventilation Mode 

In the tunnel ventilation, the ventilation modes were divided into forced ventilation and gallery ventilation. 

When the excavation is 1200m, the actual effects of the two ventilation modes are compared, so as to select the 

best ventilation mode. 

C Division of Ventilation Stages 

The tunnel ventilation is divided into two ventilation stages: forced ventilation and gallery ventilation. 

(1) The first stage: forced ventilation  

(2) The second stage: gallery ventilation  

V. NUMERICAL SIMULATION RESULTS 

A Model Building 

1) Establishment of geometric model 

(1) forced ventilation model 

According to the actual situation of Baima Tunnel, under the condition of forced ventilation, there is only one 

air duct in the tunnel, which continuously blows fresh air flow from the outside of the tunnel into the inside of the 

tunnel, so as to dilute the gas in the tunnel and discharge the gas from the tunnel. The Model was established by 

using the Design Model module of Fluent software. 

(2) gallery ventilation model 

Under the condition of gallery ventilation, there are two air ducts in the left tunnel, one is the exhaust duct of 

the left tunnel, and the other is connected to the right tunnel through the cross passage to exhaust the right tunnel. 

Gallery ventilation can effectively solve the problem of gas overrun when the tunnel excavation length becomes 

larger, and make up for the deficiency of forced ventilation mode. 

2) Basic assumption 

(1) Gas is considered incompressible. 

(2) The disturbance of human and mechanical flow field are ignored. 

(3) The tunnel wall is smooth. 

3) Boundary condition 

The outlet of the air duct was set as the entrance boundary. It was assumed that the fresh air flow uniformly 

entered the tunnel from the air duct opening, and the air flow direction was perpendicular to the air duct opening. 

The air flow velocity was set at 15m/s, and the oxygen content was set at 0.21. The tunnel outlet was set as a free 

flow boundary so that the fluid can flow out freely. At the same time, the wall was assumed to be an adiabatic 

wall, and the standard wall function method was used to deal with the air flow near the wall. Generally, there is 
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a certain roughness of the tunnel wall surface, and its influence on the tunnel ventilation cannot be ignored. 

Therefore, the tunnel wall roughness height Rh was set as 0.09. The roughness constant Rc was set as 0.55.  

B Gas Distribution Law in Tunnel 

1) Gas distribution law under forced ventilation 

When gas is freely distributed in the tunnel space, the diffusion of gas concentration in the whole tunnel is 

analyzed. The axial plane of the tunnel was selected to analyze the gas distribution rule under the forced 

ventilation condition. When the wind speed at the inlet of the air duct was 15m/s and the tunnel was driven to 

1200m, the distribution of gas concentration on the axial surface of the tunnel and the distribution curve of gas 

concentration on each section of the tunnel were shown in Figure 1. and Figure 2. 

 

Figure 1. Gas concentration distribution map of axial surface under forced ventilation 

 

Figure 2. Gas distribution curves in each section under forced ventilation 
When the tunnel was driven to 1200m, as the length of the tunnel was increased, the velocity of air flow into 

the tunnel will gradually decrease. Therefore, under the condition of forced ventilation, the concentration of gas 

near the heading face will continue to increase. As shown in Figure 1 and Figure 2, when the tunnel is driven for 

1200m, the gas concentration in the tunnel increases significantly. Near the heading face of the tunnel, the gas 

concentration reached 1.068%, and the gas distribution ranged in the whole tunnel was 0.01%~1.068%. Because 

forced ventilation has obvious defects when the tunnel was driven up to 1200m (the deeper the tunnel excavation, 

the smaller the internal air flow), and causes gas overrun (greater than 1%). Therefore, other ventilation methods 

need to be selected to better dilute the gas on the heading face until the construction conditions were met. 

2) Gas distribution law under gallery ventilation  

In order to make up for the shortage of forced ventilation, gallery ventilation was adopted. Two air ducts, one 

for ventilation in the left tunnel and the other for ventilation in the right tunnel through a cross passage, were used 

for tunnel ventilation. When the tunneling was 1200m and the wind speed at the entrance of the duct was 15m/s, 

The gas concentration distribution at the axial plane of the tunnel and the gas concentration distribution curves at 

each section of the tunnel were shown in Figure 3. and Figure 4. 
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Figure 3. Gas concentration distribution map of axial surface under gallery ventilation 

 

Figure 4. Gas distribution curves in each section under gallery ventilation  

When the tunnel was driven to 1200m, the gallery ventilation has obvious advantages. As could be seen from 

Figure 3 and Figure 4, the gas concentration distribution was significantly lower than forced ventilation. Near the 

left and right heading face, the maximum gas concentration was 0.854% and 0.793% respectively, and the 

concentration range of the whole tunnel was 0.1%~0.854%. The advantage of gallery ventilation can reduce the 

gas concentration to less than 1%, which meets the conditions of tunnel construction. 

VI CONCLUSION 

(1) The air volume was calculated based on the tunnel construction situation, which provides effective 

parameters for numerical simulation. 

(2) When the tunnel was driven to 1200m, the forced ventilation cannot meet the ventilation requirements, 

and the gas concentration of heading face in the tunnel increases significantly. The maximum gas concentration 

near the heading face was 1.068%, which cannot meet the construction safety requirements. 

(3) When the tunnel was driven to 1200m, the gas concentration of the tunnel was diluted to less than 1% by 

the gallery ventilation. The maximum gas concentration near the heading face of the two tunnels was 0.854% and 

0.793%, both of which meet the construction requirements. It provides a reasonable and effective ventilation 

method for the large section gas tunnel. 
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