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Impact Simulation Analysis of Wind Resist-
ance Brakes on High-speed Train Aerodynam-
ic Performance under Crosswind Conditions
JIN Yongrong', TIAN Chun’, CHEN Xiaoli'

(1. Hunan Railway Professional Technology College, 412001 ,
Zhuzhou, China; 2. Institute of Rail Transit, Tongji Universi-
ty, 200092, Shanghai, China)

Abstract [ Objective] As the train operational speed increa-
ses, various braking methods become essential for ensuring
high-speed train emergency safety braking. Wind resistance
brakes, which complement wheel-rail adhesion brakes, have

garnered extensive attention. The installation of wind resistance
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brake plates affects the train streamlined shape and can influ-
ence train operational safety under crosswind conditions. To
ensure train operational safety and braking performance in high
wind environments, it is necessary to thoroughly investigate the
impact law of different brake plate configurations on train aero-
dynamic performance under crosswind conditions. [ Method ]
Using three-dimensional, constant, incompressible Navier-
Stokes equation and k- two-equation turbulence model, the in-
fluence of crosswind existence and varying brake plate heights
on of high-speed train flow field and aerodynamic force are in-
vestigated. [ Result & Conclusion] Simulation research results
indicate that under crosswind conditions, the aerodynamic re-
sistance on train carbody and brake plates increases along car-
body direction, while the lateral force decreases. When the
brake plate height increases from 0.5 m to 1 m, the proportion
of brake plate resistance in overall resistance rises from
54.89% to 69.92% , with the maximum reaching 56 kN. The
proportion of brake plate lateral force in overall lateral force is
less than 1% , indicating that different brake plate heights have
relatively little impact on train overall lateral force. The brake
plates have a certain stopping effect on the incoming flow, and
there is flow field interference between closely spaced brake
plates. The influence of brake plates on lateral forces is minor.
With proper preliminary design of brake plates, wind resistance
brakes can be an effective train braking solution with minimal
impact on train operational stability.

Key words high-speed train; wind resistance braking plate;
aerodynamic force; flow field characteristics; numerical simu-

lation
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Fig.1 Photo of high-speed train brake plates
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Fig.2 Diagram of train model and brake plate position
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Tab.1 Calculation working condition settings

‘ B /m i/ HOEIE/
TH — " o
kg om0 ()
1 2.00 0.50 0.10 97.22 0
2 2.00 0.50 0.10 97.22 35
3 2.00 0.75 0.10 97.22 35
4 2.00 1.00 0.10 97.22 35
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Fig.3 Diagram of computational domain and boundary

conditions
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Tab.2 Grid independence verification comparison

Mt MARE AR BRE BRI FIES R

A% B4 R RE/mm %/%  HIJ/N O BHII/N
MR 1612 8 0.1 1.2 18690 22744
Rk 3128 10 0.1 1.2 18674 22751
ks 5221 12 0.1 1.2 18663 22739
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Tab.3 Composition of high-speed train aerodynamic resistance under different working conditions

AR /N

i SR /N

- BB SR B
T : N k%
P H i) 42 B4 1 e 2 3 e 4 s e 6 °
1 7 069 4745 6 876 4 873 3336 4 227 3639 3753 2917 41 435 54.89
2 5621 6 036 12 321 3 859 4 269 4 567 4 679 5143 5776 52 271 54.13
3 5677 6 096 12 444 5 788 6 404 6 850 7018 7715 8 664 66 658 63.67
4 5 649 6 066 12 383 7 641 8 454 9 042 9 264 10 184 11 437 80 119 69.92
F4 FAEIRTERERINEEE I
Tab.4 Composition of high-speed train lateral force under different working conditions
A /N Tl B J3/N SRR AR
o j HIN %
S r i) 42 B4 M1 2 e 3 e 4 i 6 °
1 168 -203 - 157 1 -4 -1 -2 3 -1 -196 2.21
2 141 055 56 201 24 622 156 129 105 104 90 92 222 555 0.30
3 142 918 57 638 24 729 239 225 186 179 153 142 226 408 0.50
4 147 576 58 016 24 652 354 305 278 241 208 184 231 814 0.68
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Fig.6 Flow distribution on train surface
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