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Effects of Athlete’ s Posture on Aerodynamic Characteristics During
Flight in Ski Jumping
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Abstract; Objective To investigate the effects of athlete’ s posture (including bending angle of upper body and
angle between body and skis) on aerodynamic characteristics during flight in ski jumping. Methods The athlete
and skis were regarded as a multi-body system. By using partially averaged Navier-Stokes ( PANS) turbulence
model and numerical simulation of computational fluid dynamics (CFD) , the aerodynamic characteristics during
flight under different postures were predicted. The calculation conditions for bending angle of upper body were
10°, 14°, 18°, 22° and 26°, and the calculation conditions of angle between body and skis were 8°, 12°, 16°, 20°
and 24°. Results As the bending angle of upper body increased, the lift force and drag force of the multi-body
system, the athlete and skis, and the pitch moment of skis all showed a monotonously decreasing trend, but the
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ratio of total lift force to total drag force increased first and then decreased. Meanwhile, the pitch moment of the
multi-body system decreased first and then increased, and the pitch moment of athlete increased slightly and then
decreased. As the angle between body and skis increased, the lift force and drag force of the multi-body system
and skis increased first, then decreased and then increased, but the ratio of total lift force to total drag force
decreased first, then increased and then decreased. Meanwhile, the lift force, drag force and pitch moment of the
athlete increased monotonously, and the pitch moment of the multi-body system and the skis increased first and
then decreased. The effect of bending angle of upper body on aerodynamic characteristics during flight in ski
jumping was generally significantly larger than that of angle between body and skis. Conclusions The optimal
range for bending angle of upper body is 14°-18°, and the optimal range of angle between body and skis is 16°-
20°. The influence mechanism for bending angle of upper body and angle between body and skis on aerodynamic
characteristics during flight in ski jumping can provide effective auxiliary support for on-the-spot prediction and
decisionmaking, as well as scientific guidance for flight stability control and technical training for athletes.

Key words: aerodynamic characteristics; ski jumping; bending angle of upper body; angle between body and

skis; computational fluid dynamics (CFD)
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Fig. 1 Posture parameters and forces acting on the

athlete/skis system during flight
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Tab.1 Results of grid-independency test
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Tab.2 Values of posture parameters and calculation conditions
during flight
n CFOBMAE SRS
- HRTH ST
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Tab.4 Mechanical characteristics at different bending angles of upper body

TmE, Bt B §555 1 S /1A VA v I HEM B WEMR BRI SRR
(°) N N FHLE (Nem)  JHi/N - JHi/N - BJI/N BJI/N . H/(Nem) i/(N-m)
10 303. 80 162. 86 1. 874 -144. 14 121. 00 182. 80 63.12 99.74 27.70 -171.84
14 297. 54 156. 36 1. 899 -141. 18 117. 12 180. 42 57.38 98.98 28. 44 -169. 62
18 288.22 152. 68 1. 888 -141. 00 109. 66 178. 56 55.32 97.36 25.40 -166. 40
22 280. 46 151. 44 1. 852 -150. 24 103. 14 177.32 55.08 96. 36 14.52 -164.76
26 275.32 150. 66 1. 827 -153.48 98.74 176. 58 54.72 95.94 11. 10 -164.58
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Tab.5 Mechanical characteristics at different angles between body and skis
Fefn/ BITs o BB/ BT MHRAAE, BB SR B3R SR BHGURM S
(®) N N FH I (N-m) FJ/N  FH/N BN BN 3B/(Nem)  J3/(Nem)
8 265. 36 140. 02 1. 895 -148.32 101. 28 164. 08 46. 62 93.40 20. 10 -168. 42
12 270. 04 144. 66 1. 867 -144.70 104. 82 165.22 49. 86 94. 80 23.06 -167.76
16 288.22 152. 68 1. 888 -141. 00 109. 66 178. 56 55.32 97.36 25.40 -166. 40
20 279. 16 145. 10 1.924 -137.84 111. 84 167. 32 56.98 88.12 26. 64 —-164.48
24 282.48 154. 08 1.833 -139.76 114. 38 168. 10 58.22 95. 86 28.00 -167.76
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Fig.3 Variation of mechanical characteristics with different bending angles of upper body
drag force, (c¢) Ratio of total lift force to total drag force, (d) Total pitch moment, (e) Lift force of skis, (f) Drag force of

skis, (g) Lift force of athlete, (h) Drag force of athlete, (i) Pitch moment of skis, (j) Pitch moment of athlete
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of skis, (g) Lift force of athlete, (h) Drag force of athlete, (i) Pitch moment of skis, (j) Pitch moment of athlete
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