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Abstract

During the passage of a high-speed train through a tunnel, the compression wave propagates to the
tunnel exit and radiates outward as micro-pressure waves, which may cause sonic boom issues,
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startling residents near the railway line. As train speeds continue to increase, the problem of micro-
pressure waves cannot be ignored. This study employs a three-dimensional numerical simulation
method to investigate the micro-pressure wave issue at the tunnel exit under 400 km/h conditions
and explores mitigation measures. The research shows that for a tunnel without a buffer structure
and with flat terrain at the exit, the micro-pressure waves at the tunnel exit under 400 km/h condi-
tions radiate outward approximately as spherical waves, with the pressure amplitude decaying ap-
proximately exponentially with increasing distance. The interaction between the airflow and the tun-
nel wall forms vortex structures near the tunnel exit. The sound pressure level of the micro-pressure
wave noise, radiated directly at the exit after the compression wave propagates through a short tunnel
without significant deformation, gradually attenuates as the frequency increases. The far-field prop-
agation of low-frequency noise components is approximately spherical and regular, but as the fre-
quency increases, the sound pressure level contours become disordered, and the far-field propaga-
tion characteristics of high-frequency noise exhibit a scattered pattern. The intensity of the micro-
pressure wave noise at the tunnel exit gradually attenuates with increasing propagation distance. In-
stalling a hood at the tunnel entrance does not alter the spatial propagation characteristics of the exit
noise but only reduces its intensity. The sound pressure level of the micro-pressure wave is signifi-
cantly reduced across the entire frequency band, with a peak reduction of 22 dB, representing a miti-
gation rate of 16.3%. The research results provide a theoretical basis for evaluating and mitigating
micro-pressure wave issues in high-speed railway tunnels.
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LN ERENFETES, 774 4G A R TE AL 3, AEREIE T m) SR A A I, BRSO 1] A
FURR I, T P P S VBSOS 8 R 5 1 3 N B 38 P52 119 — WK 7 RO BE [ 2], 4 s 71 42 LA 400 km/h
DRSBTS 3 A AN 25 B DR AT 9 400 km/h 7Rk 425 2 I 8 Al A< 1 38k Il R x 44 20 8 [ 8k
P R T S B A L

1975 4E7E HA L BAFT 28 Lo ORI T BRI 2 42 I R [ 2], 106F 28 1% P o A 3 7 2R 7 IR . 2005
M, FEEFEK 7260 m 1) Euerwang P TE HY UL 2 7™ 8 (1) 5 48 v @3], FRIEIE R B st ) sk e is
TR AR 3 R I T T B R ), BRI P TE B R E R AEKEERT S km KOKERIE, HEKA
IF, FEIE 1 RE NI 2 B R KRR NG S, P R BB R AR R (R] G OK 45 dB(A) [4]. #5325 SR E
R PR LB EIT R T SR, WEACE M 300 ke/h SEFESELN, BEIE R AR I RO IR
LB T 120kPa/s, BLETFEREIE H 11 20 m Ab s I 2B B0 S R s . AR ORIIBSIE & )5, Ozawal[l]
T 1979 R T AN F 0, K BEIE A 9 TO R KPS ALY, JRER T USRI, T RAR
A SRR IE Y CRUSEUE R . 2016 4E, Miyachi [6]8E5L T — R B RS HA 0 75 24 AR RS, RERS AR %
FE B A YR AN BRI O S, SR AR ARG I0AIE 1 % A SR A FEME . Luo 25[7) R F] = 4R e A
B, FET RIS, )7 AT Ffowes Williams-Hawkings (FW-H) 7 R 15N E 160 2> B 8%k 58 i 46 pgii
BB e R R AE , R FURBH: BEIE H 00 I 75 VR e A AR R DY 1~ 2 R DU A 7 R 2o
Mk 75 e E AR R AE 20 Hz BAWY.
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Figure 1. Computational domain and boundary conditions
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Figure 2. Compression wave generated by a train with a specific nose shape passing through a tunnel without hood
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Figure 3. Mesh details of the computational model
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Figure 4. Schematic of the moving model test rig and the arrangement of measurement points
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Figure 5. Pressure contour of the micro-pressure wave radiation at the tunnel exit
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Figure 6. Attenuation of the peak micro-pressure wave at the tunnel exit with distance along the track
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Figure 7. Pressure distribution of the micro-pressure wave at a radial distance of 20 m from the tunnel exit
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Figure 8. Sound pressure level curves of micro-pressure wave noise at the tunnel exit for different distances
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Figure 9. Sound pressure level contours of micro-pressure wave noise at the tunnel exit for different frequencies
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Figure 10. Schematic of the tunnel entrance buffer structure
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Figure 11. Sound pressure level contours of micro-pressure wave noise at the tunnel exit after entrance hood installation
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Figure 12. Micro-pressure wave noise radiated at the exit from compression waves propagating through tunnels with or without
an entrance hood
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