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スポーツ流体に関わる 
MSBSベンチマーク試験へ向けて 



本日の話題提供 

1. スポーツ工学の目標 
2. 不思議解明&競技力向上を目指した研究・開発 
3. MSBSで行うべきベンチマーク試験 
4. なぜMSBSか❓ 
 MSBSが良いに決まっているが、 
 今更ながらデータで確認。円盤とボール。 
5. まとめ 

プレゼンター
プレゼンテーションのノート
The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.




スポーツ工学の目標 
① 競技力向上、楽しさ向上 

Output：ものづくり＋人体の運動のメカニクス 
  用具＆トレーニング機器＋スキル 
 五輪で勝つための動き方＆用具は、、、 
 素人でも転覆しないツーリング用カヌーは、、、 
 円盤投の助走動作では、どの筋肉を緊張させ、どの

筋肉を弛緩し、、、を表示するシステム 
MSBSがより必要。 
実問題で、より渇望度が高い。 
 

② 不思議の解明  
 ぶれ球シュートのメカニズムは、、、 

MSBSが必要。 
これらの目標を達成するために、例えば、風洞試験をしましょう。 

プレゼンター
プレゼンテーションのノート
The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.




ぶれ球の不思議 

伊藤先生G＠工学院、可視化情報学会 

MSBSは 
あれば嬉しい。 

プレゼンター
プレゼンテーションのノート
The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.




競技力向上 
① 空気力を知る。 
 風試でもCFDでもフィールドワークでも。 
 

② 飛翔軌跡を知る。 
 運動方程式を数値的に解く。 
 ⇒あるケースについては、飛翔の様子がわかる。 
 

③ 最適化をする。 
GA、勾配法、、、 
目的：飛距離最長 
設計変数：円盤形状、投出し条件 
 

④ わかり易い結果の提示。 
 SOM、、、色々な技法。 

円盤の例。 

物体に働く空気力が真でなければ、 
②以降は砂上の楼閣。 
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プレゼンター
プレゼンテーションのノート
The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.




今年度の目標は、 
MSBSで行うべきベンチマーク実験の選定 

よって、MSBSのベンチマーク試験では、 
① 過去に風試（出来ればMSBS?）が実施されていること 
  ⇒新MSBSの結果と比較できる 
② 簡単な試験（実験準備等、対象物体の工作）であること 
 ⇒再現性、誰がやっても同じ結果 
 

③ 対象物体が運動すること 
④ 非定常であること 

 
⑤ 普通の人が喜んでくれること（知的好奇心の啓発）←スポーツ研究の楽しさ 

MSBSのベンチマーク試験（②の単目的） と考えれば、角柱? 

ベンチマーク?：測量において利用する水準点・基準点を示す語。 
 10年後、MSBSが普及。 
 誰かがMSBSを購入。まずは、計測の練習。 
 測定結果が妥当? 
 ベンチマーク試験と比較し、確認。 

プレゼンター
プレゼンテーションのノート
The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.




本日は、２つ話題提供 

対象 ① ② ③ ④ ⑤ 

円盤 △ ○ ○ × × 

ボール（球） ○ △ ○ △ ○ 

モノフィン △ △ ○ ○ △ 

Q：なぜMSBSが必要か? 
A：支柱が邪魔。流れを乱す。 
  円盤とボールで影響を見ましょう。 

①過去に風試（出来ればMSBS?）が実施 
②簡単な試験 
③対象物体が運動 
④非定常 
⑤普通の人が喜んでくれること 

逆カルマン渦列 
日本流体力学会 
長谷川先生G＠秋田大 

プレゼンター
プレゼンテーションのノート
The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.




ボール&円盤の実験 回転しながら飛ぶ 
支柱は風に晒される 
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The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.




円盤の空力係数 
過去の研究より 

α, AoA 

CL 

α, AoA 

CD 

Bartlett, J. Sports Science (1991) 

α U D 
L 

Ganslen 

Tutjowitsch 

Kentzer & Hromas 

Tutjowitsch 

Ganslen 

プレゼンター
プレゼンテーションのノート
There were a few aerodynamic researches on a discus.
The abscissa is the angle of attack, which is the angle between the plane of the discus and the direction of the flight path.
The ordinates are the lift coefficient and the drag coefficient, respectively.
The green line denotes Ganslen’s data, while the broken line denotes Tutjowitsch's data. 
Ganslen suggested that after stalling the drag coefficient does not increase at a continuing rate.
The drag coefficient in Tutjowitsch's experiment (this broken line) decreased with increasing angle of attack beyond the stalling angle.
The stalling angle in Tutjowitsch's experiment  was slightly larger than that reported by Ganslen.

The problem is 
I couldn’t read the values from these figures.
Moreover, I couldn't decide which data I should believe from these lines.
Therefore, I decided to repeate the experiments with fine intervals of the angle of attack by myself.



支柱の影響 α U 
L 

＋ 

ー 

0

0.2

0.4

0.6

0.8

1

1.2

0 15 30 45 60 75 90

C
L

-AoA [°]

0

0.2

0.4

0.6

0.8

1

1.2

0 15 30 45 60 75 90

C
L

AoA [°]

プレゼンター
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There were a few aerodynamic researches on a discus.
The abscissa is the angle of attack, which is the angle between the plane of the discus and the direction of the flight path.
The ordinates are the lift coefficient and the drag coefficient, respectively.
The green line denotes Ganslen’s data, while the broken line denotes Tutjowitsch's data. 
Ganslen suggested that after stalling the drag coefficient does not increase at a continuing rate.
The drag coefficient in Tutjowitsch's experiment (this broken line) decreased with increasing angle of attack beyond the stalling angle.
The stalling angle in Tutjowitsch's experiment  was slightly larger than that reported by Ganslen.

The problem is 
I couldn’t read the values from these figures.
Moreover, I couldn't decide which data I should believe from these lines.
Therefore, I decided to repeate the experiments with fine intervals of the angle of attack by myself.
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背面フリーのデータを採用 
支柱があるので、支え方の検討も必要 
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The ordinates are the lift coefficient and the drag coefficient, respectively.
The green line denotes Ganslen’s data, while the broken line denotes Tutjowitsch's data. 
Ganslen suggested that after stalling the drag coefficient does not increase at a continuing rate.
The drag coefficient in Tutjowitsch's experiment (this broken line) decreased with increasing angle of attack beyond the stalling angle.
The stalling angle in Tutjowitsch's experiment  was slightly larger than that reported by Ganslen.

The problem is 
I couldn’t read the values from these figures.
Moreover, I couldn't decide which data I should believe from these lines.
Therefore, I decided to repeate the experiments with fine intervals of the angle of attack by myself.



球 －支柱の影響ー 

滑面球 後方支持φ17 滑面球 ピアノ線支持φ2 



0

0.2

0.4

0.6

1 2 3 4 5

C D

Red (×105 )

Red=4.7×105 

Red=2.3×105 

U 

× 
臨界Re 



0

0.2

0.4

0.6

1 2 3 4 5

C
D

Red (×105 )

磁気浮上 

亜臨界のCDの一定度 



Sp>0.1： 
  Uによる差：無し 
Sp<0.1： 
  Uによる差：有り 
  CL≠0@Sp=0 
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まとめ 

競技力向上にMSBSは必要。 
ボールや円盤は回転しながら飛ぶ。 
  それらの風試では、支柱が風にさらされる。必要悪。 
 FRP製かたどりボールや円盤の内部にはスペースが
ある。磁石等の加工が可能。 
 

円盤？、ボール（ラグビー）？ 

対象 ① ② ③ ④ ⑤ 

円盤 △ ○ ○ × × 

ボール（球） ○ △ ○ △ ○ 

モノフィン △ △ ○ ○ △ 

①過去に風試（出来ればMSBS?）が実施 
②簡単な試験 
③対象物体が運動 
④非定常 
⑤普通の人が喜んでくれること 

プレゼンター
プレゼンテーションのノート
The primary objective of this study is to construct an aerodynamic database for the discus.
We measured the aerodynamic forces acting on a full size model in a wind tunnel.  Data were acquired over wide ranges of the angle of attack, the spin rate and the wind speed, respectively, sufficient for these to be applied to in flight optimization studies.
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プレゼンター
プレゼンテーションのノート
These are the equations of motion and the moment equation, and so on. 
These equations are simplified versions of the general six degrees of freedom of a rigid body motion due to symmetry of the discus.
The aerodynamic forces here were all obtained during wind tunnel tests as functions of the wind speed and the spin rate and AlphaD, which is the angle between the velocity vector and the plane of the discus (synthetic vector of U and V).
Substituting a set of control variables, the flight trajectory can be obtained. So, the value of the objective function is obtained.
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