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Abstract

As the running speed of high-speed railway increases to 400 km/h, the external pressure fluctua-
tion caused by trains crossing in the tunnel has a significant impact on the safety of vehicle structure,
tunnel stability and passenger comfort. Based on the characteristicline method of one-dimensional
flow model, the fluctuation characteristics of the external pressure of two trains under different
tunnel lengths, intersection positions and running speeds are systematically studied in this paper,
aiming to determine the most unfavorable intersection position and tunnel length, and provide the-
oretical support for the design and operation of high-speed railway. By establishing continuity
equation, momentum equation and energy equation, a one-dimensional compressible unsteady
flow model is constructed, and the accuracy of the calculation method is verified by the test data of
the Japanese model. The equal-speed intersection process of two trains was divided into four stages:
entering tunnel, central intersection, exit and exit tunnel. The influence of different intersection
positions (central intersection, entrance intersection, third intersection and quarter intersection)
on the peak value of external pressure was analyzed. The results show that the external pressure
fluctuation is the most severe at the central intersection, and the maximum positive pressure, max-
imum negative pressure and pressure peak value all reach the peak value. For example, at the speed
of 400 km/h, the peak value of the pressure of the head car in the 856 m tunnel reaches 12.88 kPa,
which is significantly higher than other intersection positions, so the Central intersection is deter-
mined as the most unfavorable intersection position. Further exploring the influence of tunnel
length, it is found that the pressure fluctuation intensity changes nonlinear with tunnel length. At a
speed of 400 km/h, the maximum negative pressure of the head car in the 571 m tunnel reaches -
10.32 kPa and the peak pressure is 13.66 kPa, which is 2.28%~7.05% and 3.45%~16.88% higher
than that of other tunnels, respectively, indicating that 571 m is the most unfavorable tunnel length.
In addition, speed has a significant amplification effect on pressure fluctuation: at 450 km/h, the
maximum pressure peak value of the head car reaches 17.90 kPa, an increase of 152.3% compared
with 300 km/h, and the peak time of negative pressure is advanced with the increase of speed. The
study also reveals the dynamic evolution law of the external pressure: the pressure rises linearly
when the train enters the tunnel, the pressure decreases briefly after the train fully enters the tun-
nel, and the compression wave caused by the train entering the opposite direction leads to a sec-
ondary surge of pressure. The pressure fluctuation amplitude of the two trains is more severe than
that of the single train, and the pressure fluctuation amplitude of the rear car is lower than that of
the head car and the middle car. Through multi-parameter coupling analysis, this paper identifies
the Central Rendezvous and 571 m tunnel as the most unfavorable conditions of external vehicle
pressure, and reveals the synergistic influence mechanism of speed-tunnel length and rendezvous
position, which can provide theoretical basis for section optimization, vehicle body strength design
and operation safety evaluation of 400 km/h high-speed railway tunnel.
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Figure 1. The different stages of the whole process of the two train tunnel center equal speed intersection
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Figure 2. Comparison of the time history curve of external pressure change of a single train passing through the tunnel at a
speed of 413 km/h
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Figure 3. The time history curve of the external pressure change of two trains intersecting at different positions in the 4700 m
tunnel at a speed of 400 km/h
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Table 1. Statistics of the maximum external pressure of two trains crossing at different positions in the tunnel at a speed of
400 km/h (unit: kPa)
= 1. AYIZELL 400 km/h REABEAFRIEL R S FINENREGITH(RAL: kPa)
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Figure 4. The time history curve of the external pressure change of two trains at different positions in the 8100 m tunnel at a
speed of 400 km/h
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Table 2. Statistics of the maximum external pressure of two trains crossing at different positions in the tunnel at 450 km/h

(unit: kPa)

2. FFIELL 450 kn/h IREEFEAACRMNEL XS FINENRESRIT(ENA: kPa)
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RE 0.28 -7.19 7.46 0.39 -731 7.70
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Figure 5. Time history curve of external pressure change of two trains at 400 km/h in the central intersection of tunnels of

different lengths
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Figure 6. The curve of the maximum external pressure of the head car when two trains cross the central tunnel of different
length at different speeds
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Figure 7. The maximum external pressure curve of two trains at different speeds in tunnels of different lengths
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Figure 8. The curve of the maximum external pressure of the rear car when two trains cross the central tunnel of different
length at different speeds
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Figure 9. Time history curve of external pressure change of two trains at different speeds in the tunnel
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Figure 10. The maximum external pressure curve of two trains crossing the tunnel at different speeds
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