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Aerodynamics simulation framework for Ski-jumping take-off
and its application to various jumpers
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In this study focuses on the development of a simulation framework for predicting aerodynamic characteristics of

competitive ski-jump. This framework satisfies the following requirements: be quick enough to evaluate between trials,

be able to consider the jumper’s specific body shape, avoid the psychological/physical burden on the jumper, and be

available at any time regardless of practice or games. Aerodynamic simulations of multiple athletes where carried out

using this framework. Based on the study of relationship between the trunk angle-of-attack and lift-drag ratio, different

trends were found between well-performing athletes and poorly-performing athletes. The numerical simulations were

carried out using CUBE, a hierarchical Cartesian mesh based finite-volume fluid flow solver. The geometry of the athlete

were modeled using a constraint based immersed boundary method.
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Fig. 1 Skijjumping motion
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Fig. 2 Overview of Framework
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Table 1 The results by analysis target

Sub. No. Flying distance[m] Group
1 94.5 LONG
2 92 LONG
3 91 LONG
4 91 LONG
5 88.5 LONG
6 86.5 MIDDLE
7 86 MIDDLE
8 84.5 MIDDLE
9 84 MIDDLE
10 83.5 MIDDLE
11 81 SHORT
12 79 SHORT
13 68.5 SHORT
14 66.0 SHORT
15 63.5 SHORT

Average 82.63
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Fig. 3 The location of recording

Fig. 4 The example of video
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Fig. 6 Time history of tAOA
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Fig. 8 Postures of jumper (0s, 0.24s, 0.33s)
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Fig. 9 The example of cubic division (Left : cube, Right : cell)
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Fig. 10 Calculation domain and boundary condition

Fig. 11 Computational domain

Table 2 The number of cube and cell

Cube Cell
Jumper 1 4,484 13,922,304
Jumper 2 4356 13,320,192
Jumper 3 4,046 12,374,016
Jumper 4 4,308 13,062,144
Jumper 5 4235 12,804,096
Jumper 6 4,403 13,578,240
Jumper 7 4361 13,090,816
Jumper 8 4,386 13,046,208
Jumper 9 4,298 12,832,768
Jumper 10 3,957 11,943,936
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Jumper 11 4,153 12,976,128
Jumper 12 3,936 12,201,984
Jumper 13 4,076 12,460,032
Jumper 14 4,629 14,237,696
Jumper 15 3,927 12,144,640
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Fig. 12 Lift and drag
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Fig. 13 Time history of t-AOA and L/D
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