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Shape optimization of high-speed trains under multi runing conditions

XIONG Jun, LI Tian & ZHANG JiYe

State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China

A 3D aerodynamic shape optimization of high-speed trains was carried out based on the multi-objective genetic algorithm NSGA-II
and approximate model method. The total aerodynamic drag force in open field and the overturning moment of the head car under
crosswind were set to be optimization objectives. The three-dimensional parametric model of the high-speed trains was established
by the Hicks-Henne shape function. The effects of various approximate models on aerodynamic forces were analyzed and compared.
Besides, the influence on aerodynamic performances of high-speed trains under multi running conditions of shape factors was
analyzed. The shape factors included the head vertical contour line, the head horizontal contour line, the cross section shape of train
body, the nose shape, the cowcatcher shape, the side wing shape, the height and the width of the train body. The most important
optimization variables were obtained. The optimization results show that there is a tendency of the optimized train shape where the
head becomes more sharp and oblate, the cross sectional area becomes smaller and the radian of the train’s body side wall increases.
Comparing with aerodynamic performances of the train’s original shape, the maximum reduction of the aerodynamic drag force of
the optimized train in open field is 17.5%, and the maximum reduction of the overturning moment the head car under crosswind is
22.9%.

high-speed trains, aerodynamics, multi-objective optimization, approximate model, multi running condition
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