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Abstract

The safety of personnel escape in tunnel fires is closely related to the dynamic response of fire door
pressure. However, the existing design standards lack systematic guidance on the coordination
mechanism of fire door layout and pressurized air supply system. In this study, the linear tunnel
escape channel is taken as the object. By establishing a three-dimensional fluid dynamics model,
combined with parameters such as pressurized air supply volume, fire door spacing, and opening
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position, the pressure distribution law of fire doors under different escape scenarios is systemati-
cally analyzed. The research designs six kinds of fire door opening modes using numerical simula-
tion methods. The results show that when the distance between the opening fire door and the air
supply outlet exceeds the critical range, the maximum pressure of the door body reaches 68.3~70.3
Pa, which is significantly beyond the allowable range of the specification and may cause the door
body to fail to open. The pressure value is stable at 34.5~42.5 Pa in the opening mode near the air
supply port, which meets the safety requirements. In addition, the opening resistance of the contin-
uous opening of adjacent fire doors is increased compared with the interval opening mode, indicat-
ing that the escape path planning needs to preferentially disperse the opening position of the door
body when conditions permit. The purpose of this study is to provide theoretical support and engi-
neering reference for tunnel fire safety design.
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Figure 1. Escape channel meshing diagram: (a) Escape channel grid main view;
(b) Entrance section grid diagram; (c) Fire door grid diagram
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Figure 2. Escape channel model diagram
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Figure 3. Safety channel pressurized air supply diagram
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Table 1. Calculating model boundary conditions
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B AT 2
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Table 2. Velocity-pressure drop relationship table of porous media

2. BEINBURE - EREXFRR[14]

3 (m/s) JE % (Pa)
0.272,486,772 5
0.408,730,159 10
0.544,973,545 15
0.613,095,238 20
0.681,216,931 25
0.749,338,624 30
0.817,460,317 35
0.885,582,011 40
1.021,825,397 45
1.089,947,09 50
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Table 3. Case design model
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Figure 4. The pressure change diagram of each fire door under different opening conditions
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Table 4. The maximum fire door pressure gauge in each case
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Case 1 42.5 Pa
Case 2 53.6 Pa
Case 3 68.3 Pa
Case 4 34.5 Pa
Case 5 53.2 Pa
Case 6 70.3 Pa
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Figure 5. Maximum fire door pressure cloud diagram
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Figure 6. The velocity cloud diagram at the opening of the door hole
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