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Abstract

When a high-speed train enters a tunnel, low-frequency pressure pulses are directly radiated from
the tunnel portal into the surrounding environment, in addition to the compression wave propagat-
ing inside the tunnel. These pressure waves, known as tunnel entry waves, may affect the environ-
mental conditions near tunnel portals. In this study, three-dimensional unsteady computational
fluid dynamics simulations were performed to investigate the radiation characteristics of tunnel
entry waves generated by a typical high-speed train entering a mountain tunnel at a speed of 350
km/h. The Reynolds-averaged Navier-Stokes equations were solved using an overset grid technique
with second-order spatial and temporal discretization schemes, and the numerical approach was
validated against moving-model experimental data. Based on the validated model, the temporal
evolution, spatial distribution, and frequency characteristics of pressure waves outside the tunnel
during the entry of the head and tail cars were analyzed. The results show that the radiated pres-
sure waves exhibit pronounced spatial asymmetry, with the negative pressure wave generated by
the head car entry having a larger amplitude and wider affected region, dominating the environ-
mental pressure response. In the near-field region, pressure variations are influenced by both
train-induced flow and entry waves, whereas in the far field the pressure fluctuations are mainly
governed by the entry waves and attenuate with distance in an approximately spherical manner.
Frequency-domain analysis indicates that the wave energy is mainly concentrated in the infra-
sound and low-frequency range, with a limited contribution in the audible band. The results pro-
vide a reference for environmental impact assessment and noise mitigation design at high-speed
railway tunnel portals.

Keywords

Tunnel Entry Wave, High-Speed Train, Numerical Simulation, Low-Frequency Pressure Wave

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

W8 e 5 25 B AN TS T, 21 i i B TE I 51 K 1R 25 S8l 0 2 RN O e PR 5 22 4 R oK
BN, B 4EGE NBEIE R, BRAEREE AN A ) DA IR B R 4 A, b B N RETE N [ [ S5 2 []
FE SRR S ik, RPBEIE R CV [ 1]e 12 EANL TR BB (/N T 20 Hz), BT P R Gl 4k, =
a6 S A AR &, FLS R IR B R G AR B ST “rem 7 IR L AR BR[2)
(3] ik, RGEHE NS OISV, RBE, X8 mEeis =S 1. P SR
M s B EHEAMA .

ERE OB T I, OF TAESE | 2 Eda it 7iii. HASH 1IDA (1138370 &/
G R SEES, S A 1 3 VB B S RN AR I UK R 2 3 N ) RSk rp = A o Mg T B 56 N[44
F I AE S A [31EF X R E CRH R4 51 42 J ML A9 5% 3 W i 1Y) = 4R e i CFD #5S4U,  FEL 13k 11 3 (R XUk e
ghity, AN T . FHEESESEMM . HAh, Lockard [5]F1 Zingg. Lomax [6]55 81X K FE B 28 14
PAEREHAT 7R R IR EEUER N 5T, LA Bellenoue [ 715K AR SRR A4 SE IR = S A B30 5
PR AL B BT S50 T 1, AR ] R RS A AT T B T OB T VR SR

DOI: 10.12677/ijfd.2026.141009 91 TR USTIPAES


https://doi.org/10.12677/ijfd.2026.141009
http://creativecommons.org/licenses/by/4.0/

SR, LA AMTAER T AR Z AL B oG, QMR R SEIR 450 2 2 T AN AR % £,
AT (I8 KB 25 25 R )08 PR TR B o0 e LUK, Ve ™ 298 B Rk
SEWPLEN P IAE R, L = HEWR A0 450 5 7 5 S 75 S I VAN R IR ML, A7 5 S s
JE R AUE RN T LA B

ASSCHVIE FH S P CFD AN, o e ] S g il ) 4 Bt 1 5 ) AR AR R P EAT R U L 18
HR I3t ARt IFEE G Ao, RIS R BT . A7 & (IR N R RS 1
FS B IR BT IR, I B i BE S 538 R O BEE A DR B TR O R R
2. WEHHRE S E
21 JUATRBSHR &

WU 2R S AR R R B AT IR B S RS 8%, oy =gdl, fRE KR — i rhim]
s FEMIBREE RIS, SRR AE R H=3.6m, LABIZEE H AEHRRE R, X828 R AT AL
ARER, GE 1 FR

BEE LRI 2()fR, N7 DRSS, Bt T PREARRR B i . BEIE D 1§ A TR
N 100 m? FPORUERREE, LeE A1 1.39H, FHHUB TR EIIR, IREPUER, W 2(b)R.

21.25H '

0.9H

Figure 1. Geometric model of the train
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Figure 2. Geometric model of the mountain and tunnels
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Figure 3. Computational domain model and boundary conditions
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Figure 4. Grid setting for computational domain
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Figure 5. Schematic diagram of the pressure measurement points outside the tunnel
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Figure 6. Moving model test validation results and mesh independence
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Figure 7. Pressure distribution outside the tunnel at different times when the train enters
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Figure 8. Time-history and peak-value curves of micro-pressure waves at various pitch angles along the track
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Figure 9. Time-history and peak-value curves of micro-pressure waves at various pitch angles along the track
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Figure 10. Peak-value curves of micro-pressure waves at different azimuth and pitch angles
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