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Abstract: The bogie areas of a high-speed train are the focus
of aerodynamic drag reduction research. A 7-parameters
model of high-speed train underbody structure was established
by spline curve method. The influence laws between
underbody structure parameters of a high-speed train and
aerodynamic drag were studied by computational fluid
dynamics and Latin hypercube sampling (LHS) experimental
method. The results show that 27%, 37%, 39% and 22%
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aerodynamic drag changed in the three cars model, head,
middle and tail car with varying underbody parameters,
respectively. The height of side cover, height of cowcatcher,
radius of bogie cavity leading edge are most sensitive
parameters to drag of three car model. However, the
influences between underbody structure parameters and the
aerodynamic drag are different for the three cars model and
each car model. In order to achieve a better drag reduction, it
is necessary to consider the aerodynamic design of underbody
structures of the head, middle and tail car, respectively. The
underbody structure parameters mainly influence the
aerodynamic drag of the underbody structure by affecting the
mean velocity beneath the train body, therefore, the

aerodynamic drag of a high-speed train is influenced.

underbody

parametric design; aerodynamic drag; correlation coefficient
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Fig.2 Parameterization of underbody structures
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Tab.1 Ranges of parameters

e 24 AL FE/mm
1 HInERKE 563~633
2 AR I 0~80
3 I ZEARET & B R 0~17
4 IR % B R 0~17
5 HEBE AR R ho 10~50
6 HeRR KT iR 420 5 Reo 98~108
7 HEFR 2R 9 Woo 90~120
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Tab.2 Design of experiment table of high-speed train

ander body structure parameters

BA  I/mm hi/mm Ri/mm R:/mm h;/mm Re/mm We/mm

0 633.7 45.0 0.0 0.0 23.5 65.0 120.0
1 593.7 6.9 11.2 2.9 29.4 55.0 90.0
2 609.5 70.9 2.9 5.8 44.3  42.4 95.1
3 569.5 13.7 12.6 L5 3.7  92.8 96.9
4 582.3 16.0 13.6 15.5 37.4 74.8 99. 4
5 589.5 41.1 7.8 10.7 43.1 67.6 101.1
6 599.5 9.1 12.1 1.0 46.6  83.8 102.0
7 603.7 36.6 7.3 8.7 45.4 89.2 102.9
8 596.6 68.6 9.2 3.9 13.4  98.2 103.7
9 602.3 52.6 3.4 1.9 16.9 85.6 105. 4
10 572.3 48.0 13.1 7.8 22.6  40.6 106. 3
11 585.2 54.9 9.7 13.6 24,9 80.2 108.0
12 576.6 29.7 5.8 4.4 36.3 78.4 108.9
13 578.0 57.1 16.0 17.0 50.0 87.4 109.7
14 573.7 32.0 14.1 12,6 15.7 58.6 110. 6
15 563.7 38.9 6.8 13.1 48,9 64.0 111. 4
16 612.3 20.6 8.3 2.4 18.0 71.2 113.1
17 598.0 50.3 11.7 16.5 47.7 73.0 116.6
18 579.5 77.7 0.5 12.1  39.7 100.0 120.0
19  570.7 76.6 4.4 9.5 43.8  40.6 120.0
20 570.7 69.1 2.0 11.7  41.1 69.0 108.0
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Tab.3 Drag coefficients of simulations and the test
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Fig.6 Pressure coefficients of simulation and test
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Tab.4 Drag coefficients of samples

A k% HIEE BE =
0 0. 180 0.073 0. 108 0. 362
1 0. 196 0. 095 0. 139 0. 430
2 0. 140 0. 061 0.116 0. 317
3 0.181 0. 097 0. 138 0.416
4 0.171 0. 088 0. 138 0. 397
5 0. 152 0. 079 0.124 0. 356
6 0. 167 0. 084 0.137 0. 388
7 0. 159 0. 080 0.132 0.371
8 0. 177 0. 075 0. 116 0. 368
9 0. 180 0.072 0.118 0. 370
10 0.179 0. 085 0. 136 0. 399
11 0. 182 0. 070 0.132 0. 385
12 0. 152 0.076 0.133 0. 361
13 0.143 0.073 0.123 0. 339
14 0. 202 0. 086 0.131 0. 420
15 0. 145 0. 077 0.131 0. 352
16 0. 216 0. 085 0.134 0. 435
17 0. 151 0. 066 0.126 0. 344
18 0. 140 0. 059 0.118 0.317
19 0. 143 0. 065 0.127 0. 334
20 0. 136 0. 067 0.121 0. 325
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Fig.7 Drag coefficient of body and underbody
structures
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parameters and aerodynamic drag
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Fig.12 Correlation coefficients between underbody

parameters and aerodynamic drag of head car
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parameters and aerodynamic drag of
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structures in tail cars
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