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Abstract [ Objective] At a speed of 160 km/h, a certain
EMU in China exhibits good stability when running on open
tracks. However, when passing through single-track tunnels,
the tail car experiences periodic lateral swaying issues. Thus, it
is necessary to conduct an in-depth study on the aerodynamic
characteristics of the train when passing through tunnels.
[ Method ] Using numerical simulation methods, a three-di-
mensional compressible transient simulation model of a certain
EMU with bogies is established based on the RNG k-epsilon
turbulent model and sliding mesh technology. The study fo-

cused on the variation surface pressure on the tail car when the
train passes through tunnels. Simultaneously, the transient na-
ture of the lateral aerodynamic force characteristics of the train
is analyzed in both time and frequency domains. [ Result &
Conclusion] The research results indicate that due to the re-
striction of airflow by the tunnel walls and the effect of the
train’s wake flow, there exists a pressure difference on both
sides of the train body with aliternating characteristics when
passing through tunnel. Furthermore, the alternation of lateral
forces on the tail car is more pronounced. The lateral forces
acting on the train exhibit low-frequency periodic alternation,
with a main frequency of approximately 2.2 Hz. The aerody-
namic effect is the strongest when the tail car just enters the
tunnel, resulting in the largest fluctuation in lateral force ampli-
tude. The variation in train lateral force can be used as a
boundary condition for analyzing the vehicle lateral stability.

Key words bullet train; tail car lateral sway; tunnel; aero-

dynamic load; main frequency of lateral force; vortex shedding
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Fig.1 Train and tunnel models
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Fig.2 Diagram of calculation domain
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Fig.3 Layout diagram of pressure monitoring points on tail

car outer surface
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under different mesh scales

ASCRHRIREAT i A i 4, OF H B A
SRR BN I 1 R A S8 AT B T T i Rk
2 BN T PRI R B Cy ean 5 BER AL TE
i v A A R A S0 R 57 W KK S 1R 2 T L AR
SCHHRLY SrH 5 RIS SRR 2R/, X E A

A 5

SCHTR PR BT 585 1, R o M 400 i R 58 U
r ] A e T 7

2 Re=200 B EFELRAE S RIS HBRE
Tab.2 Resistance coefficient and Strouhal number of flow

around cylinder at Re =200

i H Cd mean Sr
SCHR[9] 1.320 0.198
k[ 10] 1.320 0.196

AR3C 1.330 0.198

3 EESIEE
3.1 REENTHHFE

AR S22 e lE 6 frs, Horp, 1516 a)
e A AN A Ty X L R4 AE 3.2 s IF IR
PEAREIE , P % 18 R 25 0 A A T 8, P R
TP RZ AR IE G, i T4 Bk A RRE ™ A4
P18 T K D0 A% i 2 % 2 32 1 000 5 e 588 B T o
L 7 A R 8 PN AN W7 B AL 4 S S50 i TR )
Free I 20 2l , BRIE Nz A7 I 2 48 IR AR Ak T 171
Fe s RAAE 14 s oA BT RS8R , He ST 5 maiH 2k

500

B 18] /s
a) & DX RN 4 0 A5 Ak

—500F

-1000

HE71/Pa

-1500

-2 000

2004 6 s 10 12 14 16

A /s
b) FIHLEE DI R 5 T3 22 £k
K6 RAFEM T2k
Fig.6 Pressure change on the same side of tail car

- 151 -



O ImrmsNisszim 5

A R RS O, W R R TR AR T A%
IR AR SR B 52 R Ty B i, HL g A B 1
PR LS i 35 AR A%, i L [ — ek 220 1 ) 98 A% 4%
Z RGN RIN R BT 51 A TR B B R — Sy, B
AR L Z B L B 22 % 5 il 1 ) o3 A
BONEIS] o &1 6 b) J e 4wl AL [ 0 0 el 1 g %
P SRR (17 —6") AL, ti T2 3% 13
S, m AL D i T ) AR A ] 2 DX
A R — 2 mIHL A DX A5 52 81 4R R E N 18
FYIIFN A RIS 0, J s 18 A i 2k 2= Hh B
PR BN 5[] — IR 220 2% A W0 A5 1) A A ) S 9 s 22, O
HAURRE R, X W R 4 Al HL = X377 e AN A
BB, e RIMLE R S A A2
AP ER O 18 A WA S Kot P | <SS
7 a) FRARE X1 3% 550 55 HXFRI S
M HEJIXFLE , 1817 b) R4 R AL DX 8" 5 5
XERRIN AR Ty % e o e 4R AR AM B A T ) T B2
FIWEEE , DR AR B %o o 7 5 1) s g i s ML AR A
— B IR — R 22, HIR 22 R A 2 ik
FRFAIE o X2 T 4 R s U i i 7 P 2 1

500
0
-500f
£
R -1000F '
14 — l: e .
~1500F \ [ ;# Eﬁ’”“
------- 3 XA
-2 000 = 5T
oo 5T SRR A
_2 500 1 1 1 1 1 1 Il J
0 2 4 6 8 10 12 14 16
B 1] /s
a) F AP UE Sy 25 4k
500
O =
-500}
£
B -1000F
=S|
~1500}
-2000F ?5 }; — 8" il
| I — 8 Xﬂ»ﬁ(muﬂj\
_2 500 1 1 1 1 1 1 Il J
0 2 4 6 8 10 12 14 16
i ] /s

b) w L 8% SHXFFRI 2 E F1 A5k
7 RZEXFRA E RS2
Fig.7 Pressure change in the symmetrical position of

tail car

- 152 -

2024 F

JRy BRI 3, 25— e s 11 7 L i TR i)y, 5
XEPROL B A 22 . ol e 4 )P & DX
W Ae s 1B 32 Hs 1 B IS R b 3 32 51 2 e T i v
AR 5 25 2 A% A 0 23 e T 58 8 M 7 1sF, X oz
B2 R A e 22, R BUR 4ol i Rl I sz 2]
BEAE M
3.2 SENTUEHE

H1 T8 4 B G 5E A7 I, R A 1) S Bl KU A
R, R s 0 A R A i 1) s g o 91 4]
DI N 1) g g RE £ A0 18T 8 B, ri &1 8 AT
Sk AR TR A A 1) 3 AN R AR ) g Bk HL AR
AERRIZ, ) g e RIEAE Dy 4 112 N, R 4-7ERR1E A
A AT A A D i) g R A S B 38 U Y
B RGBT REE J5 O ) Sy FEATH O TR, e B
& 4 R )y 4 v T R ML A DI, T 4 DX BT
S ) J3E 0N 33X A5 I G o A R —
50001
4000}
3000}
2000}
1000}

0
-1000f

e #1/N

=2 000

-3 000f

-4 000
0
i ] /s
18 ZZEM ) 7 A5

Fig. 8 Change of lateral force on train
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