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Influence of groove microstructures on the aerodynamic performance of
high speed trains under crosswind
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(1. Key laboratory for mechanics in fluid solid coupling systems, institute of mechanics,
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Abstract: With the continuous improvement of train speeds, the influence of aerodynamics on the train
safety is increasingly prominent. Especially, the crosswind will significantly deteriorate the aerodynamic
performance of high-speed trains and bring greater security risks consequently. Present research regarding the
crosswind effect on high-speed trains usually assumes that the train surface is smooth, which is, however, not
true. Non-smooth surfaces with microstructures will change the flow characteristics in the boundary layer and
may improve the aerodynamic performance of high-speed trains. The present study uses an improved delayed
detached eddy simulation (IDDES) method was used to obtain the aerodynamic performance of 1:25 scale train
models with smooth and rough surfaces under crosswind. The non-smooth surface is achieved by adding a group
of rectangular strips on the top of the train model. The results show that the side force coefficient and the roll
moment coefficient can be respectively reduced by 3.71% and 10.56% by using a non-smooth surface. The
width, height, and length of the strip are selected as design variables, and different numerical simulation schemes
are designed based on the orthogonal experimental design method. The relationship between the geometric
parameters of rectangular strip and the side force coefficient and roll moment coefficient of the train is explored

by the variance and range analyses, and the optimized strip shape is given. This study can hopefully provide a
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theoretical basis for the improvement of aerodynamic performance of high-speed trains under crosswind.

Keywords: high-speed train; crosswind; surface microstructure; aerodynamic performance; orthogonal

design; variance analysis; range analysis
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Table 1 Experimental factors and their levels

Strips length ~ Strips length

Factors Strip width ~ Strip height

in area 1 in area 2
levels L, /m L, /m W/m H/m
1 0.06 0.12 0.001 0.0003
2 0.09 0.18 0.003 0.00075
3 0.12 0.24 0.005 0.0012
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Table2 C;and C,, for rough surfaces with different strip shapes
Design variable Targets of test
Number
L;/m Ly/m W/m H/m C;
1 0.06 0.12 0.001 0.0003 —2.04473 -0.01938
2 0.06 0.18 0.003 0.00075 -2.01962 -0.02082
3 0.06 0.24 0.005 0.0012 ~2.03986 -0.02128
4 0.09 0.12 0.001 0.00075 ~2.14190 -0.01805
5 0.09 0.18 0.003 0.0012 -2.02992 -0.01851
6 0.09 0.24 0.005 0.0003 ~2.04308 -0.02089
7 0.12 0.12 0.003 0.0003 -2.02131 -0.02074
8 0.12 0.18 0.005 0.00075 2.08779 0.02114
9 0.12 0.24 0.001 0.0012 -2.054 64 -0.01628
10 0.06 0.12 0.005 0.0012 -2.08355 -0.01331
11 0.06 0.18 0.001 0.0003 -1.99375 -0.02289
12 0.06 0.24 0.003 0.00075 -2.01262 -0.02229
13 0.09 0.12 0.003 0.0012 ~2.066 36 -0.01684
14 0.09 0.18 0.005 0.0003 —2.00524 -0.02429
15 0.09 0.24 0.001 0.00075 -2.00941 -0.02317
16 0.12 0.12 0.005 0.00075 2.046 66 0.01876
17 0.12 0.18 0.001 0.0012 -2.02588 -0.01678
18 0.12 0.24 0.003 0.0003 -2.03222 -0.02084
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Table 3 Results of the variance analysis for the side force Table 4 Results of the variance analysis for the roll moment
coefficient C coefficient C,,,

Factors df SS MS F P Factors df SS MS F P
L 2 9.25x10%  4.62x10* 03556  0.7127 L 2 4.69x10°  2.35%x10° 0.8117  0.4819
w 2 1.36x10°  6.80x10* 05232  0.6141 w 2 1.23x10°%  6.13x107 0.2122  0.8138
Ly 9 5.82x10°  291x10° 22402  0.1770 Ly 9 341x10°  1.70x10° 58939  0.0316
H 2 319x10°  1.60x10°  1.2308  0.3483 H 2 6.39x10°  3.20x10°  11.0588  0.0068

Error 7 911x10°  1.30x10° _ _ Error 7 2.02x10°  2.89x10° _ _
Total 17 216x102  1.27x10° _ _ Total 17 134x10'  7.87x10° . -
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Table 5 Results of the range analysis

mmber D/ Wm
Kji 12.1941 12.4045 12.2703 12.3180
Kp 122959  -12.1622 121821  -12.1403
Kjz  -12.2685  -12.1918  -12.3062  -12.3002
c K -2.0324  -2.0674  -2.0451 ~2.0530
Kj ~2.0493 ~2.0270 ~2.0303 ~2.0234
K -2.0448  -2.0320  -2.0510  -2.0500
R; 0.0170 0.0404 0.0207 0.0296
Kji -0.1200 01071  -0.1166  -0.1242
Kj -0.1218  -0.1244  -0.1200  —0.1290
Kj3 -0.1145 01248 01197  -0.1030
Co:  Kji -0.0200  -0.0178  -0.0194  -0.0207
Kp -0.0203  -0.0207  -0.0200  -0.0215
Kj3 -0.0191 -0.0208  -0.0199  -0.0172
R; 0.0012 0.0029 0.0006 0.0043
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Table 6 Comparison of the original and optimized schemes
L;/m Ly/m W/m H/m C; Cinz
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