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Effects of Movement and Postures on
Aerodynamic Drag during Ski Jumping In-Run
and Take-off Phases in Nordic Combined Athletes
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Abstract: Objective: To investigate the effects of different in-run and take-off postures on aero-
dynamic resistance of Nordic Combined athletes and its mechanism, and to quantitatively evalu-
ate the influence of stance parameters on aerodynamic resistance. Methods: Wind tunnel test,
high-definition camera system and video analysis system were used to collect and analyze the
body posture and angle parameters, aerodynamic resistance parameters of five Nordic Com-
bined athletes during the in-run and take-off training in the horizontal working section of the wind
tunnel. Results: 1) The same athlete has the least acrodynamic resistance and the best drag reduc-
tion effects when keeping the head position at eye level (angle #,=90.4° with the plumb line),
torso horizontally straight (angle #,=0° with the horizontal plane), hands horizontally extended,
and completely squatting (hip angle #,=37.6°). 2) Among the take-off movements of different
athletes, the best body posture of drag reduction is “knee driving hip movement” and the reduc-
tion rate reaches 18.34% compared with “hip and knee synchronization nonuniform move-
ment”, which has the highest average aerodynamic resistance. 3) Pearson’s correlation analysis
shows that the right hip internal and external rotational range of motion (ROM) increased, the
aerodynamic resistance of take-off phase decreased accordingly; the right hip flexion ROM in-
creases, the aerodynamic resistance will increase accordingly, and the decrease of aerodynamic
resistance is conducive to the average distance of jumping platform of athlete in season. The
correlation between the above three sets of variables was at a significant level (P<<0.05).
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Conclusions: Different in-run and take-off postures of Nordic Combined athletes have certain
differences in aerodynamic drag reduction effects. The factors affecting in-run and take-off aero-
dynamic drag reduction of Nordic Combined athletes include special technical characteristics,
body shape and functional characteristics, psychological factors and field environmental factors,
etc. The study on the aerodynamic drag reduction effects of different postures can provide im-
portant scientific guidance for athletes to reduce the aerodynamic resistance, optimize the ener-
gy distribution, improve the training strategy, and improve the competitive performance.

Keywords: nordic combined; ski jumping; in-run; take-off; aerodynamic resistance; competi-

tive performance
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Table 1 Basic Information of Nordic Combined Athletes
FE NGFR FE RAE BMI  #ET3#
/% /% /m /kg (kg'm?) FEH/m

Al 16 3 1.80 57 17.59 84.6
A2 22 6 1.82 66 19.93 85.0
A3 21 4 1.73 59 19.71 78.8
A4 26 5 1.79 64 19.97 86.7
A5 21 4 1.75 58 18.94 91.6
Avg. 20.6 433 1.78 60.80 19.23 85.34
SD. 2.7 1.03 0.04 3.96 1.01 4.60
CV  13.1 23.8 2.08 6.52 5.23 5.38
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Figure 1.
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Structural Diagram of Multi-Test Section Interconnected Sports-Specific Return Wind Tunnel
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Figure 3. Diagram of Body Position Angles Measured during the
In-Run (a) and Take-off (b) Phases
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Figure 4. Comparison of Aerodynamic Resistance of Different

Head Positions during the In-Run Phase
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Figure S. Comparison of Aerodynamic Resistance of Different

Hands Positions during the In-Run Phase
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Figure 6. Comparison of Aerodynamic Resistance of Different

Trunk Positions during the In-Run Phase
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Figure 7. Comparison of Aerodynamic Resistance of Different

Lower Limb Postures during the In-Run Phase
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Figure 8. Comparison of Different Movement Postures and Aerodynamic Resistance of Athletes during the Take-off Phase
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Figure 9. Correlation Coefficients between Kinematic
Characteristics and Aerodynamic Resistance
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Figure 10. Schematic Diagram of Dynamic Characteristics and Principles of the Athlete during the In-Run and Take-off Phases
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