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Inverse design for aerodynamic shape of high-speed train nose
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(1. National Engineering Research Center for High-Speed EMU Engineer , CRRC Qingdao Sifang Limited Company ,
Qingdao 266111, China; 2. LMFS of Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: A constrained inverse design method for the aerodynamic shape of high-speed train nose was
developed based on the support vector regression (SVR) model. The SVRs for the design and constraint
objectives were respectively established in order to reduce the CFD computation. Then the inverse design
shapes that meet the target values and constraints could be found by the particle swarm optimization
(PSO) algorithm. The scaled real shape (1 ¢ 8) for high-speed train with three carriages was taken as the
study object in order to verify the inverse design method. The aerodynamic drag coefficient of the whole
train and the volume of the streamlined part were taken as the design targets. The constrained and
unconstrained single objective and multi-objective design method without constraints were analyzed.
Results show that the proposed approach can quickly get the inverse shape that meets the design
specifications and constraints. The approach can be easily expanded to solve constrained and multi
objective inverse problems for arbitrarily complex geometries. The approach may improve the engineering
design efficiency of high-speed train nose.
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Fig. 1 Geometry of high-speed train
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Tab.2 Target value and inverse value of each point for every adding points step

1 2

1 0. 26 0.266 9 2.65% 0.26 0.267 5 2.88% 0.28 0.280 7 0.25%
2 0.28 0.277 0 1.07% 0.29 0.302 9 4.45% 0.31 0.328 8 6.06%
3 0.30 0.293 3 2.23% 0.32 0.316 3 1.16% 0.34 0.316 2 7.00%
4 0. 32 0.3637 13.66% 0.35 0.347 7 0.66% 0. 37 0.4313 16.57%
5 0.34 0.372 4 9.53% 0.38 0.405 8 6.79% 0. 40 0.4500  12.50%
6 0. 36 0.4430  23.06% 0.41 0.443 8  8.24% 0.43 0.4750  10.47%
3 4 5
1 0.26 0.274 2 5.46% 0.26 0.277 8 6.85% 0.26 0.2654  2.08%
2 0. 30 0.2913  2.90% 0. 30 0.2829  5.70% 0. 30 0.2840  5.33%
3 0. 34 0.314 8 7.41% 0. 34 0.348 8 2.59% 0. 34 0.349 4 2.76%
4 0.38 0.3669  3.45% 0.38 0.3508  7.68% 0.38 0.4033  6.13%
5 0.42 0.452 6  7.76% 0.42 0.3992  4.95% 0.42 0.4321  2.88%
6 0. 46 0.4614  0.30% 0. 46 0.4557  0.93% 0. 46 0.4614  0.30%
3.6r 3
3.4
3.2
3.0 Tab.3 Prediction error of test points when taking volume
28 as design target
2.6
2.4 e/ %
2.2
o 1 0.024 68 0.024 60 0. 32
1.8f . . . . 2 0.025 58 0.024 96 2.42
0 50 100 150 200
1, 3 0.023 06 0.022 85 0.91
p SVR 4 0.026 09 0.025 73 1.38
Fig. 6 History of fitness for construction of SVR based 4
on cross-validation .
Tab.4 Target value and inverse value
4 /%
,6 1 0.025 50 0.025 02 1. 88
4.55%, 2 0.027 00 0.027 84 3.11
1.26%, . , 3 0.028 50 0.028 86 1.26
s 4 0.030 00 0.031 05 3.50
SVR 5 0.031 50 0.032 16 2.10
7 4 6 0.033 00 0.034 50 4.55
i 1
] ]
] ]
] ]
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] [}
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Fig. 7 Inverse shape (corresponding to each case in Tab. 4)
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He, M, Ty , .
1 0.079 2 0.088 3 0.128 5 ’
2 0.089 2 0.088 6 0.146 9 ’
3 0.084 5 0.080 9 0.145 2
7 Va 0.025 5,T¢4<<0.28
s
11 Va s Tab.7 Drag force coefficient of inverse shapes for V, =
0.025 5, T , Tee<<0. 28 0.025 5 and T¢g<<0. 28
3 , Heqy My Taca
, 1 0.081 2 0.088 6 0.115 8
0.78% 1 3 2 0.078 7 0.086 9 0.112 5
, 1 3 0.084 7 0.0857 0.120 6
2%, 3
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