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Fig. 3 Contour plots of static pressure distribution on the maglev train surface under different crosswind conditions
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Table 2 Aerodynamic forces on maglev train under different crosswind conditions

M XGEEE (s SEITHF/N BT FyN My F3/N J14H/(N-m) tan 3
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14 229 478 61 864 2 970.743 48 4253.528 0 0.082
21 260 528 71411 4917.880 90 7 559.786 0 0.125
28 297 369 80 166 7195917 10 11 351.003 5 0.166
35 308 064 83 211 9 627.410 00 15393.240 0 0.207
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Fig. 5 Variation curve of aerodynamic forces on maglev

train with crosswind speed
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Table 3 Aerodynamic simulation results of the
smooth-surface baseline model

WE A (") SATIF/N SSBEHF/N  E N
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Table 4 Aerodynamic simulation results of the
micro-groove model
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Numerical simulation and optimization study on aerodynamic characteristics
of high-speed maglev trains under natural wind conditions

YANG Jiachen'**, XU Jungi**, SUN Yougang"*’, DOU Qingshan*, SU Zhixuan*

(1. State Key Laboratory of High-speed Maglev Transportation Technology, Tongji University, Shanghai 201804, China;
2. College of Transportation, Tongji University, Shanghai 201804, China;
3. National Maglev Transportation Engineering R&D Center, Tongji University, Shanghai 201804, China;
4. Hunan Rail Transit Technology Application Research Center Co., Ltd., Changsha, Hunan 410027, China)

Abstract: To investigate the influence mechanism of natural wind on the operational stability of ultra-high-speed maglev trains and
explore potential directions for aerodynamic optimization, this study conducted numerical simulations based on computational fluid dy-
namics (CFD) methods. A three-dimensional simplified model was established to simulate high-speed maglev trains operating at 600 km/
h in flow fields under six conditions ranging from calm to strong crosswind (0-35 m/s). Results indicate that crosswinds significantly de-
teriorate aerodynamic environments of train operation. Under a strong crosswind at 35 m/s, aerodynamic drag and lift on the train in-
crease by approximately 41 kN and 161 kN, respectively, compared to the calm condition. Lateral forces and rolling moments, induced
by pressure asymmetry in the flow field, also increase sharply, posing a severe threat to the train's lateral stability and safety against over-
turning. To further explore optimization approaches, a concept that involves bionic micro-groove structures on the train surface was pro-
posed and conceptually verified through comparative simulations using simplified models. Verification results show that, under identical
wind conditions, the model with micro-groove structures exhibits systematically lower aerodynamic drag and lift compared to the base-
line model with smooth surface. The study findings demonstrate that natural wind (particularly crosswind) is a critical factor in the aero-
dynamic safety design for high-speed maglev trains, and that passive flow control based on surface micro-structures represents a poten-
tial and effective optimization direction, providing theoretical references for future design efforts.

Keywords: high-speed maglev train; aerodynamic characteristics; natural wind; computational fluid dynamics; numerical

simulation; shape optimization
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