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Abstract

Based on a one-dimensional compressible unsteady flow model, a comprehensive parametric nu-
merical simulation was conducted for a single 160 km/h Electric Multiple Unit (EMU) train passing
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through typical tunnels in the Lhasa-Linzhi section of the Sichuan-Tibet Railway. The results indi-
cate that the line gradient is a key factor affecting pressure intensity. An increase in gradient leads
to a significant rise in the peak-to-peak value of the external pressure, whereas increased altitude
has a mitigating effect on the pressure peak. Pressure changes are acute in short tunnels, dominated
by initial compression and expansion waves, while long tunnels exhibit cumulative pressure gradi-
ents, with a pronounced sustained negative pressure environment in the middle and rear sections.
The combination of tunnel gradient type and length jointly determines the distribution of pressure
extremes. The “steep gradient + long tunnel” combination is prone to induce the maximum peak-to-
peak pressure and tail negative pressure. The research conclusions provide direct guidance for the
optimization of high-altitude tunnel cross-sections and the design of train air-tightness for the Si-
chuan-Tibet Railway.
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Table 1. Validation case parameters
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Figure 1. Comparison results of the external pressure time history curves
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Figure 2. Peak positive external pressure on different carriages during train passage through a typical single-track tunnel
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Figure 3. Peak negative external pressure on different carriages during train passage through a typical single-track tunnel

3. SUZEiRE )| SR RS R AR R B L BRI BRE I N E R SNE DR AT (E

DOI: 10.12677/ijfd.2026.141006 56 TARZ) S


https://doi.org/10.12677/ijfd.2026.141006

W 55

HAB I AR50 AER RS HLI R, R U B AR BT RIS AN ) 22 8 1] 1 s 7
THRE IR B2, XM 2R BRI R EZ SR HERE.

(3) FRYUSAE AL 32 SREESS 14 1AM, ZBEKEZL 18km, ZBEIENN T, HRTULE
15-4.541 kPa.

3.3. RKEHigiEE

P 4 2o B 2 i B 2 SR R T IS AN ) 2 R A B K s T Ve PR AR AR RF I - ERT S 4 R

(1) FUZE3 ) Bk B bR B i R BRSE IS S fpe K I g Ve VAR ) RSk 2 2 R R (KA 45
KRR EREE th A e 22 ) 7RO e 22, S BBETERE 1 W KU D 2B, WA TT A2 %
—EEMAL LB E A A . XA RO B AR BRI N 4 B I B S A I T e A S A
RIS 70 B, 4R AE BB P AT I 22 A0 1 s 03 32 I AR AR B 3L [V I 4 51 31 2% E3sAT
I, BEIE ARG B R HE 1 9 25 ) L i AR, S 800 i B BN R 0 4 A ) 2 R R
s FIETHOSAT, WG UREET R, NSNS R BT, P DIRSE R K S B
Ay G NITEEY 8= SNEALE IR N

(2) FBEIE T U VAR 72 57 2 255 - 32 5 B A I K BE TE 1) [ g (L BB B v, 6 SRS TE R IS
B VAR, B AR B o 3 22 St 2 BT B K JRE MR P 2 45 0 KU 0 2 A R R

(3) SRR IUAE 32 S5 14 WM, ZFEEKELZ 18 km, ZBBIE NN T, EIEEE
4.764 kPa.

——|F —a% 14%

0 5 10 15 20 25 30 35 40 45 50
B3 4
Figure 4. Peak-to-peak exterior pressure on different carriages during train passage through a typical single-track tunnel
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