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Aerodynamic force/moment for
high-speed train in crosswind field based on DES
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(1. The Civil Institute, Beijing Jiaotong University, Beijing 100044, Ching;
2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Flow field around high-speed train and transient behavior of the aerodynamic characteristics in constant wind
field were simulated by Detached Eddy simulation, and the unsteady property was analyzed. The results show that, in
steady inlet flow field, there are separated vortexes with different intensities and geometric dimensions that change and
pulse randomly with time on the leeward side and wake region of train; that the time-averaged value of unsteady
aerodynamic load value of each car is almost the same as that calculated in whole-field steady flow, while the peak value
of transient load is higher than the time-averaged value; that the maximum peak values of amplitude frequency spectrum
and power spectrum are not the same, but they are concentrated in 0—4 Hz, which is in the range of inherent frequency of
some train parts. For head car, the range of distribution frequency of lateral force and overturning moment is large, it has
a wide range of frequency coupling with the train itself, and the aerodynamic safety is poor in crosswind.
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Fig. 1 Train model and grid system



3 1131

t=0.1s
4
3.462m
2 2
(t=0 s) 1
3
A 2.2
t=0s
B C
C t=0.1s t=0.5s t=1.0
S t=14 s
B t=10s t=14s t=2.0
S t=1.4s D
4 221
3
5
3 4 6 8 10
7 9 15 8
€) (b)t=0.1s (c)t=0.5s (d)t=1.0s (e)t=14s (f)t=2.0s

3
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Fig. 4 Motion patterns of steady and unsteady wake flow at same cross section
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Fig. 7 Pressure distribution around train with different time (horizontal section through first car nose)
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Fig. 9 \Variation of the aerodynamic forces with time
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1
Table 1  Aerodynamic forces of unsteady average values in comparison with steady values
/KN /KN /KN /(KN-m)
1% 1% 1% 1%
9.20 8.78 4.62 4047  239.62 211 21.39 20.26 528 -1297 -1310 -1.02
1391 1561 -12.24 17.87 19.06 —6.71 3249 2827 1301 1.96 011 9441
1331  12.83 3.61 3.48 —0.74 121.2 10.78 12.46 -15.55 -256 —2.34 8.68
36.42  37.22 2.20 61.82 57.94 6.28 64.66  60.99 5.68 1357 1533  12.97
10
15% 0~150 Hz
0~40 Hz 0~10
100% Hz 0~20 Hz
1/10
10
480 1280 N/Hz
1000 2500 N/Hz
5.28% 1.02% 730 1570 N/Hz
3
1940 N/Hz 720 N-m/Hz
660 N/Hz 230 N-m/Hz
[15]
6.28% 12.97%
40 Hz 2
2 2
1 (0~20 Hz)
0.49~5.37 Hz 1 2
1~3
234 1 2 727.787
9 724.67 N/Hz 2.93
0.98 Hz 2
1 2 718.31  714.68 N-m/Hz
1
10 (1 )
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Fig. 10 Spectral density of force and moment
2
Table 2 Peak amplitude spectrum density and frequency of aerodynamic forces
1 (0~20 Hz) 2 (20~40 Hz)
1 1 2 2 1 1 2 2
475.60 5.37 431.60 2.44 111.62 30.27 100.23 29.70
962.31 0.49 811.23 0.98 224.74 30.27 220.17 33.69
727.78 2.93 724.67 0.98 163.98 30.27 159.46 32.71
127111 1.95 1071.62 5.37 167.47 30.27 253.20 29.79
2 486.68 1.46 1669.27 0.98 386.96 30.27 397.31 32.71
1562.29 0.98 1304.62 1.95 181.94 30.27 267.56 31.25
1932.74 0.98 1886.97 1.95 384.57 30.27 404.84 29.79
1271.25 0.49 1027.50 1.95 106.34 30.27 233.16 28.81
657.66 0.49 607.92 1.95 43.48 30.27 90.33 21.97
718.31 0.98 714.68 0.49 139.51 30.27 151.79 32.23
508.59 0.98 507.00 0.49 113.79 30.27 94.62 23.93
223.41 1.46 194.76 0.49 22.60 30.27 76.10 31.74
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Fig. 11 Relationship between spectrum density and frequency
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0.5~3.5 Hz
2 1)
2)
6 3)
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3
Table 3 Relationship between peak amplitude spectrum
density and frequency 4)
/ / 0~40 Hz 0~10 Hz
(10° N*Hz™) Hz 0~6 Hz
0.121 720 1.50
0.680 797 0.50
0.270 082 3.00 5)
4.240 000 1.00 3
42.600 000 0.50
13.300 000 0.50
0.297 000 1.00
1.798 330 0.50
4.919 810 0.50
2.984 130 0.50
2.088 830 2.00
(1 , : ,
0.448 330 3.50 1. , 2007, 29(5): 87-89.
2.820 960 0.50 WANG Zhaojun, ZHANG Jun, ZHU Chunhua, et al. Dynamics
0.384 400 1.50 analysis on the train overturn accident in south Xinjiang,
5.699 540 1.05 Mechanics in Engineering, 2007, 29(5): 87-89.
7141 720 050 [2] Rolén C, Rung T, Wu D. Computational modeling of cross-wind
16.204 600 250 stability of high-speed trains[C]// ECCOMAS2004. European
13.830 100 6.50 Congress on Computational Methods in Applied Sciences and
13.079 800 3.00 Engineering. Jyvéskyl&, 2004.
3 , , .
4.834 920 3.00 <l
[J1. , 2008, 30(6): 109-114.
47.704 400 1.50 MA Jing, ZHANG Jie, YANG Zhigang. Study on the unsteady
17.157 600 3.50

aerodynamic characteristics of a high-speed train under cross
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