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Abstract With the increase of running speed, high-speed trains have higher requirement for aerodynamic shape. The
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pursuit of excellent performance and beautiful aerodynamic shape tends to be an important direction in the development
of new high-speed trains. Based on the current aerodynamic study of high-speed trains, aerodynamic shape optimization
can be divided into two categories: shape modification optimization based on flow mechanism and shape optimization
based on optimization algorithms. After a brief review of the current domestic and foreign work on these two optimization
approaches, this paper focuses on a series of aerodynamic shape optimization work done by the author’s team in recent
years. In terms of the modification optimization based on the flow field mechanism, this paper focuses on the research and
development of the appearance of the two main models, namely “CRH” and “Fuxing” , to discuss the idea of the modifica-
tion optimization. It mainly discusses the optimization design of air conditioning cover, pantograph installation platform,
windshield and bogie apron, which have obvious influence on the train resistance, and introduces the improvement of
aerodynamic performance of these components compared with the previous models. In the shape optimization method
based on an optimization algorithm, according to the aerodynamic shape optimization process, taking the streamline of
high-speed train head as the main optimization object, we introduce our series of work from three aspects: high-speed
train parameterization method, surrogate model development and the improvement of the optimization algorithm. Among
them, high-speed train parameterization methods mainly include local function method, modified vehicle modeling func-
tion method, and category/shape function method; in the development of the alternative model, the optimization alternative
model and Kriging model based on cross-validation are introduced; on the improvement of the optimization algorithm,
the improved non-inferior classification multi-objective particle swarm optimization algorithm and continuous domain
chaotic ant colony algorithm are introduced. Based on the improvement of the above three aspects, the application cases

of the developed aerodynamic shape optimization strategy in typical engineering are further introduced.

Key words aerodynamic shape, flow field mechanism, optimization algorithm, parameterization, surrogate model
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Table 1 Comparison of drag reduction in
different design schemes

. Drag reduction
Model Drag reduction strategy

rate/%
1 Semi enclosed windshield —4.1
2 Fully enclosed windshield -42
3 Streamlined air conditioning fairing -1.4
4 Streamline pantograph deflector, no air con- -4.6
ditioning unit
5  The bogie skirt of the middle carriage ex- -0.9
tends downward by 80 mm
6  The bogie skirt plate of middle carriage is -1.7
extended downward by 80 mm + the skirt
plate of front car bogie is extended down-
ward to the height of bogie axis, and at the
same time, it transits outwards smoothly
7  The bogie extends to level with the equip- -5.7
ment compartment
8 Semi enclosed windshield + streamlined air -8.9

conditioning fairing + the bogie skirt of
the middle carriage extends downward by
80 mm + front car bogie apron extending
downward to the height of bogie axis, ex-
tending downward and smoothly outward at

the same time
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Fig. 3 Partial shape optimization scheme of CRH380B
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Fig. 4 Six different shapes of pantograph platform
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Table 2 Force statistics of six pantograph platform schemes

Orginal Eellipse Trapezoid Rectangle
Drag reduction rate/% — -3.86 -4.04 -3.85
Hexagon Pentagon Reverse pentagon
Drag reduction rate/% -3.91 -3.10 -3.60
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Table 3 Relative aerodynamic drag values of four shapes

Min Max Concave Arc

Cd—Total 1.000 1.036 1.027 1.199
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Table 4 Comparison of drag coefficients of
seven design schemes

Design-1 Design-2 Design-3 Design-4
Cd—Total 1.000 0.974 0.898 0.977
Design-5 Design-6 Design-7
Cd—Total 1.013 0.891 1.023
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Table 5 Comparison of maximum drag reduction in different design schemes

Model  Drag reduction strategy Optimal drag reduction scheme

1 Windshield The windshield is fully enclosed, and the outer side of the windshield is designed as
flat as possible

2 Bogie cabin Small hatch opening and small chamfering

3 Pantograph platform Design scheme of square cavity platform

4 Windshield+Bogie cabin +Pantograph platform

Drag reduction rate: —13.27%
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