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Figure 1 Calculation model of the train

passing throug the tunnel
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Figure 2 Interior measuring points of vehicle
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Figure 3 Pressure of measuring points
3 MR R o 7 SO AE R AN 4 Fros 1A 4
HOR) RS 102,03 43 i X R A% B T Bl
3108 113.4 453 008.6 173 543, ME 4 w51, M
15 R 2 0 TSR A SR A X R 25 BN AR
2 A% 3 BT AR EEACE & UL A 2 RS

JEC SR BIHRER I, 5 22K S A% 2 1
FEA RS A% ) 43 B bRl . A% 2 B3] 4 O
A ke AL TET A RSO 1~ 2 mm Sk 42 T8 R A%
RF 2R 50 ~ 100 mm, H At B 4% R F 500 ~
1000 mm, i fLBAE)Z 5 1 )2 0.1 mm, 243 6
2 REEEN 1 mm Sk ERAE)ZHE 12 0.582 mm,
K53 10 2, SR EEN 13.7 mm,

EWESIp,/Pa

0 i 2 3 4
5 [ /s
B4 MK ERIE
Figure 4 Grid independence verification
T B I A A TGS A R A 22

4354 0.005.0.002 5.0.001 s, 5 R X LA S
iR . BEE) 2L 0.001 s 5 0.005 s 3155 4% 5 5
REGH 2209 2. 99 Pa, A XF R 22 B/0N 5 W0 (] 25
0.001 s 5 0.0025 s IR RIEAT S, AL,
JG 83 HE 0.002 5 s B[] B K BEATIH5E

10r —=—0.0050s
S5k g ——0.0025 s
0 —a—0.001 0 |
£ 7
o 10k
R
B -15f
7
& 201
D25
30 F
35

0 0.5 1.0 1.5 20 25 3.0

i 6] e/s
B 5 BfES KM T

Figure 5 Time step independence verification
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Figure 6 Calculation results of leakage holes with

different slenderness
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Figure 7 Calculation results of leakage holes at

different positions

2.2 (HEMTEHE
2.2.1 MERXAENL

T WETE AN A s A sk R AR SO DL R
B A A IR A g s LR A = 4L
fap R RS R S g S Sk b 4 &
RBAE HLAEHSREINERS E2ME, HFhiE
BAL K 0.5 m BRI 78 m A BN 8 BT
o BRIER R 1000 m, 3% BB TE AT AR HE (TB/T
3503. 4—2018) B | 154 30 1) 15 & 0 51 4 i %
H 50 m, #5885 9 62 m, 4 32 m, 56N
50 m, BN IFEEUEAK S 1380 m, WA 9 FoR,
LR AR R U N T )
350 km/h, WS Z5 R A0E 10 s,
2.2.2 HAEAEFEBIBHK

Ry A E T AL B R KAl
AN 2% & 1 AME A 5 S8 bR | R e | XURY A 5

B9 BEITHSE

Figure 9 Vehicle computing domain
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Figure 10 Measuring points pressure
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Figure 11 Fitting curve and pressure change

rate curve of interior pressure
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Figure 12 Comparison of internal pressure
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Numerical Analysis Method for Dynamic Air Tightness Value of High-speed Train

YIN Xiaochun, LU Yaohui, ZHAO Hongxing, SHI Xiaobo, TANG Bo

(School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; When high-speed trains pass through or meet in the tunnel, complex compression and expansion
waves will be generated. As the carbody cannot be completely sealed, the pressure inside the carbody will
follow the changes, causing uncomfort problems for passengers. By establishing a numerical analysis model of
the inlet and outlet flow field of high-speed trains, and on the basis of calculating the pressure waves on the
surface of the vehicle, the change law of the internal pressure was studied by using the equivalent leakage hole
as the interface for the pressure transmission inside and outside of the vehicle. And the calculation method of
the dynamic air tightness index of the high-speed train was proposed. Firstly, the effects of slenderness and
position on the interior pressure in the modeling of equivalent leakage hole were compared, and the accurate
numerical model of the interior and exterior flow field with equivalent leakage hole was determined. Then, the
computational fluid dynamics ( CFD) model of high-speed train-tunnel intersection was established, and the
flow field of high-speed train tunnel intersection was calculated, and the surface pressure wave of train was
obtained. Finally, the external surface pressure wave was used as the excitation of the internal and external
flow field of the model to calculate the internal pressure change. After fitting the data, the internal pressure
change rate and dynamic airtight index were analyzed, and compared with the measured data in the literature.
The results showed that the calculation results with slenderness greater than 1:4 were more reasonable for the
modeling of equivalent leakage holes. In the numerical model of air tightness of single vehicle, the location of
leakage hole had little effect on the internal pressure. Most of the external flow fields of the train meeting in
tunnel were in a negative pressure state, and only the head measurement points have positive pressure. The
dynamic air tightness analysis model proposed in this paper could better simulate the pressure fluctuation inside
the vehicle. The simulation result of dynamic air tightness index during train passing tunnel in the condition of
7.05 c¢m’ equivalent leakage area and 1 000 m long tunnel was 66. 3, which was approximately consistent with
the literature results.

Keywords: high-speed train; dynamic air tightness; numerical model; tunnel intersection; interior pressure



