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Air Resistance Coefficient of Hump Rolling Wagon
Based on Fluent Simulation

YANG Jing', ZHANG Hong-liang’, ZHOU Jia-jie’, DUAN Yue-yi’

(1. School of Civil Engineering and Transportation, Beijing University of Civil Engineering and Architecture,
Beijing 100044, China; 2. School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The influences of rail wagon body parameters and loading status on Air Resistance Coefficient(ARC)
during the hump rolling process are studied. Based on aerodynamics, fluent simulation models of 27 t-axle load
general freight wagon, as C80.P80, and 23 t-axle load freight wagon, as C70,P70, are established. Considering
different angles between the wind & wagon combined speed and the longitudinal axis of wagon during 0~80°
range, the ARCs of different wagon types with different loading status are calculated. The simulation results show
that, ARCs have changed a lot with different wagon types and loading status: the ARCs of P80, P70 increase
significantly with growth rates 28.5% . 28.0% compared with those of standardized wagon P50, the ARCs of full
load C80. full load C70 increase with rates 30.5% ,29.0% compared with those of standardized wagon C65, the
ARGCs of empty C80.empty C70 increase with rates 47.1%.59.8% compared with full load C70 status. Then based
on the curve fitting method, the ARC calculation model is detained. This paper solves the problem that the ARC
was calculated inaccurately for different wagon type and loading status in the past hump design and speed control.
Therefore, this paper has important theoretical and practical significance.

Keywords: railway transportation; air resistance coefficient; aerodynamics; rail wagon; Fluent simulation; hump
rolling
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Fig. 1~ ARC of wagon during the hump rolling process
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Table 1 Different wagon types’ body size (mm)

O ORGEHE) SLEAE)  SCR AT mET) e %

P80 18364 3080 2920 3677 915
P70 16374 2960 2920 3677 840
C80 13280 3182 2537 2537 915
C70 13280 3172 2250 2250 840
PSO 13226 3049 2920 3677 840
C65 13268 3076 2100 2100 840
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Table 2 ARC of different wagon types

a/° 0 5 10

15 20 25 30

P80 1.000  1.095 1321
P70 1.000 1056 1317
P50 1.000 1104 1227
C80(#)  1.000  1.132  1.251
C70(#)  1.000  1.112 1256
C65(3#)  1.000  1.028  1.150

1.622 1.783 1.672 1.580
1.617 1.777 1.668 1.476
1.339 1.388 1.402 1.362
1.392 1.576 1.690 1.548
1.418 1.600 1.671 1.615
1.220 1.292 1.295 1.276

o/° 35 40 45

50 60 70 80

P80 1352 1133 0951
P70 1318  1.093  0.994
P50 1273 1118  0.929
C80(M) 1275  1.022  0.836
C70(3) 1394  1.141  0.926
C65(J) 1228 1221  1.059

0.797 0.440 0.117 0.009
0.817 0.433 0.120 0.008
0.751 0391  -0.018 —-0.150
0.717 0.400 0.079 0.001
0.791 0.476 0.115 0.012
0.867 0.495 0.167  —0.078
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Fig. 9 The situation of comparison between standardized

wagon and open wagon
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Table 3 ARC of wagons under different loading status

a/® 0 5 10

15 20 25 30

C80(ii) 1.000  1.132  1.251
C80(%%)  1.638  1.866  2.082
C70(i#)  1.000  1.112  1.256
C70(%%)  1.565 1759  2.097

1.392 1.576 1.690 1.000
2,199 2318 2.280 2.037
1.418 1.600 1.671 1.000
2.438 2.556  2.497 2.259

of° 35 40 45

50 60 70 80

C80(ii)  1.548 1275  1.022
C80(%%)  1.665  1.404  1.203
C70(3#)  1.615 1394  1.141
C70(%) 1.853 1547 1326

0.836  0.717 0.400 0.079
1.089  0.687 0.196 0.025
0926  0.791 0.476 0.115
1.132 0.609 0.218 0.021
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Fig. 10 Variation tendency of ARC under different loading
status of C80
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Fig. 11 Variation tendency of ARC under different loading
status of C70
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Table 4  Curve fitting parameters of ARC of different wagon types

% PS80 P70 WC80  WC70  Z5C80  43C70
a 0.831 0817  0.773 0.802 1.137 1.227
b 0.147  0.161 0.181 0.136  0.566  0.367
¢ 0.060  0.060  0.060  0.059  0.054  0.059
d 0788  0.768  0.738  0.756  0.888 1.099
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