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Aerodynamic drag of a high-speed train under crosswind conditions

MAO Jun', XI Yanhong', GAO Liang!, YANG Guowei?

(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The simulation was carried out on the aerodynamic drag of train in crosswind with different velocities, wind
angles and train speeds. The variation, composition and distribution of train drag and pressure were studied. Finally, the
integrated expression between drag coefficient and wind speed, wind angle and train velocity was obtained based on
dimensional analysis © theorem. The results show that the drag coefficient with wind speed, wind angle and train speed is
a function of three times. The proportion of the pressure drag is 75%—85%, which is far higher than the viscous frictional
drag.
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Fig. 1 Train model and grid system

T 22 FEL) T o B A5/ %

Fig. 2 Computational domain

10°~120°( 10°)  150°
47
1 350 km/h 15 m/s
3
1 3
75%~85%
90.0
87.5r
g5 0L M 3
4
82.5 1
80.0
70 40 80 120 160
P £/
1— 2— 3— 4—
3
Fig.3  Percentage of pressure drag at each vehicle
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Tablel Composition of train acrodynamic drag kN
+
+
)

10 41.78 33.83 13.21 10.04 1631 13.82 1226 997 5.070 4810 6.06 5.95 1.66 1.62 229 224
20 4493 3679 13.04 991 17.61 15.02 1428 11.86 5.000 4.710 589 578 291 285 410 4.03
30 47.74 39.52 13.60 10.49 1871 16.09 1543 1294 4995 4.708 624 6.12 401 393 488 479
40 49.20 40.95 1399 1090 1931 16.67 1590 1338 5.025 4.746 648 6.35 455 446 526 5.16
50 49.10 40.88 14.07 11.02 18.79 16.19 1624 13.67 4772 4521 6.62 650 459 450 563 553
60 4894 40.76 13.95 1095 18.69 16.07 16.30 13.74 4.772 1.502 6.74 6.61 490 480 578 5.67
70 47.75 39.74 13.62 10.71 18.05 1546 16.08 13.57 4.588 4320 649 6.35 480 471 568 5.57
80 45.84 38.13 1293 10.14 1739 14.89 1552 13.10 4.417 4168 621 6.09 466 4.57 556 545
90 44.06 36.68 12.41 9.75 16.79 1438 14.86 1255 4.186 3942 589 577 449 440 543 533
110 36.91 30.56 1096 8.56 14.03 11.97 11.92 10.03 3.454 3.242 541 531 3.67 3.60 428 420
120 36.99 30.66 10.57 828 1393 1190 1249 1048 3.541 3.331 5.12 5.02 3.68 3.60 443 433
150 29.38 24.19 846 6.52 1132 9.66 9.60 801 2877 2.707 394 387 2.69 263 325 3.19
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Fig. 4 Schematic diagram of aerodynamic load of train components
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Fig. 5 Drag proportion of parts and at each vehicle
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Fig. 6 Drag distribution of train
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Fig. 7 Variation of drag coefficient with wind velocity

I ¢

0.8
0.7 [ //
0.6 RS
o hH%E
0.5 » RBE
v Bh
04k Gk
Il :;—’_—:_7’%
0.2 »
—— \I—\F
0.1 .

0.7

0.6

0.5

0.4

0.3

0.2

0.1

8§ 12 16 20 24 28 32

R IR] JXE/(m-s™")
7

0 40 80 120 160

PGP
8

Fig. 8 Variation of drag coefficient with wind angle
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Fig. 9 Variation of drag and drag coefficient with train speed
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Table2 Equation of drag coefficient with wind velocity, wind angle and train speed
/(m-s™h) /(°) /(km-h™")
3 p A aip TFp asp ap Aip TFn sp an Aip TEn
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Fig.10 Longitudinal cross-sectional position of train
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Fig. 11 2-D pressure for different locations on x-axis (crosswind from left to right).
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Fig. 12 Pressure distribution of train surface under crosswind
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