1w SN
T REAE - £ 38% B34 202546 < REIBIE <

WM EZENINEGEEN
45 AR

X!, HOA, ZHEM IHAH, TER, RRE' Kk 4, Exx!
(1. HFHHEERNEREAR, ARG 2661005 2. KEXFLRERS S TR, KiE 300354)

W F: MRS ZELEREIE AT IO R T S TR RGTE FE A, X REIE P (R 7 AR BT, I SRR B
FIRERAERE L, AR ERIMASA G RE, kb E NS R B SEEe R, TR
DUGLEREE. b TIAFHO R O UERITE, H57 1 0 16 B4 T RIAGRES &, JE0 I 28 KU HE T I8 . AR
H 5 SEE ] E 5 SRR RE, R IR DCE R T 0.98, “FRIARZEAR T 13%, SAlF T BHE AR AR S HEAuER M ;
RIS SHET R, PRIV R 220 HhAk B T8 1% 28 XK 52, FRREAT AORBRRE b . T4 SRR, %
P2 5 M % 1 7% 2 U USRI KR 3R, PRSP e, TiBgIE K e, i —ANE T3
] DL e 2k o 3 2 XL RS L& A =K

KRR HOARBRIE, WEIEN; BRIRRIEY, JKOCHRRE

FEHES: TU2 XEKFR SRS A XEHS: 1672-6073(2025)03-0027-08

Piston Wind Characteristics of Moving Trains in Subway Tunnels
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Abstract: During subway train operation in tunnels, piston wind is generated, which significantly affects the tunnel flow field.
Understanding piston wind characteristics is crucial for its effective utilization. It is of great significance to study the characteristics
of piston wind for rational utilization of piston wind. Based on Bernoulli equation of unsteady flow, a lumped parameter
theoretical model of piston wind in subway tunnel is established, and the characteristics of unsteady piston wind are analyzed.
In order to verify the accuracy of the theoretical model, a reduced size model test bench of 1:16 was established, and the piston
wind speed was tested experimentally. The comparison between the model value and the measured value shows that the
Pearson correlation coefficient is higher than 0.98, and the average error is lower than 13%, which verifies the correlation and
accuracy of the theoretical model. By using the lumped parameter theory model, the influence of different factors on the
piston wind in subway tunnel is explored, and the grey correlation degree is analyzed. The results show that the congestion
ratio is the biggest factor affecting the ventilation effect of the tunnel piston, followed by the train length and train speed, and
the tunnel length is the least. Based on this, a fitting formula for the ventilation effect of the piston in common subway tunnels
in China is proposed.
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Figure 1 Schematic diagram of a piston wind
model of a moving train
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Figure 2 Simplified diagram of tunnel section shape
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Table 1 Characteristic dimensions of the tunnel model
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Table 2 Characteristic dimensions of the train model
FARS KE/m EEm HE/m EE/m/s) AmikE/(m/s?)
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Figure 3 Test layout diagram of the tunnel piston
wind velocity test system
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Figure 5 Experiment scene 1: The movement law
of the train model
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of the train model
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Figure 10 The effect of vehicle speed on the number
of ventilation changes in tunnels
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Figure 11  Piston wind variation under different vehicle lengths
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