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Abstract

With the continuous expansion of high-speed railway networks, the aerodynamic interference in-
duced by trains passing in tunnels, particularly under complex crosswind conditions, has become a
critical factor affecting operational safety and passenger comfort. In this study, three-dimensional
compressible unsteady Reynolds-averaged Navier-Stokes (URANS) equations coupled with a sliding
mesh approach are employed to numerically investigate the aerodynamic responses of high-speed
trains passing at unequal speeds (300 km/h and 400 km/h) under varying crosswind speeds (10~25
m/s) and wind angles (0°, 30°, and 60°). The results indicate that a characteristic double-peaked
pressure wave structure appears on both the train surfaces and tunnel walls during the passing
process, and the tunnel cross-sectional pressure exhibits a pronounced asymmetric distribution.
The slower train experiences stronger aerodynamic disturbances and slower recovery due to the
combined effects of compression and expansion waves. Crosswinds further enhance the nonlinear
coupling of wave systems, leading to intensified pressure fluctuations and more complex propaga-
tion characteristics. This study reveals the aerodynamic evolution mechanism of the tunnel-train
system under the combined influence of speed difference and crosswind, providing theoretical in-
sights and engineering references for structural optimization and aerodynamic safety design of
high-speed trains operating in high-wind regions.
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Figure 3. Tunnel section
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Figure 4. Computational domain and boundary conditions
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Figure 5. Monitoring points on the vehicle body surface
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Figure 6. Monitoring points on the tunnel surface
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Figure 7. Schematic diagram of monitoring points in tunnel cross-section
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Figure 8. Pressure time-history on the tunnel wall
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Figure 9. Time history diagram of vehicle body surface pressure
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Figure 10. Schematic of Mach wave propagation
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Figure 11. Pressure time-history of symmetric monitoring points on the 400 km/h leading train
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Figure 12. Pressure time-history of symmetric monitoring points on the 300 km/h leading train
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Figure 13. Time history diagram of pressure at monitoring points 4 and 4* of the locomotive head train
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Figure 14. Pressure time-history at monitoring points 7 and 7* of middle train
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Figure 15. Pressure time-history at monitoring points 2 and 3 for the 400 km/h train
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Figure 16. Pressure time-history at monitoring points one train length away from the tunnel entrance
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Figure 17. Pressure time-history of symmetric monitoring points at the tunnel midpoint
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Figure 18. Pressure time-history of monitoring points on the 400 km/h middle train body
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Figure 19. Pressure time-history of monitoring point 7 at different wind speeds
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Figure 20. Pressure time-history of monitoring point 7* at different wind speeds
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Figure 21. Pressure time-history of symmetric monitoring points at the tunnel midpoint at different wind speeds
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Figure 22. Definition of crosswind angle
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Figure 23. Pressure time-history of monitoring point 7 on the 400 km/h train at different wind angles
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Figure 24. Pressure time-history of monitoring point 7* on the 300 km/h train at different wind angles
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Figure 25. Pressure time-history of symmetric monitoring points at the tunnel midpoint at different wind angles
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