
Ottimizzazione aerodinamica di un motociclo da competi-
zione con HEPIA motorsport methodology 



 

  

  

  

  

  

 

  

  

  

 

 

 

  

 

 

 

 

 

  

  

  

  

  

  

  

  

  

  



  

 

 

 

 

 

  

  

 

 

  

 

 

 

 

  

 

 

 

  

 

 

 

  

  

  

  



 

 

 



 



 







 

 

 





𝑓[𝑁 𝑚3⁄ ] = [𝑃] ∙ �⃗⃗�
[𝑃] = [𝑃𝜈] + [𝑃𝑖] ∙ ‖𝑉‖

[𝑃] = [

𝑃𝑋𝑋𝜈 0 0

0 𝑃𝑌𝑌𝜈 0

0 0 𝑃𝑍𝑍𝜈

] + [

𝑃𝑋𝑋𝑖 0 0

0 𝑃𝑌𝑌𝑖 0

0 0 𝑃𝑍𝑍𝑖

] ∙ ‖𝑉‖

𝑓 = [

𝑃𝑋𝑋𝜈 0 0

0 𝑃𝑌𝑌𝜈 0

0 0 𝑃𝑍𝑍𝜈

] ∙ �⃗⃗� + [

𝑃𝑋𝑋𝑖 0 0

0 𝑃𝑌𝑌𝑖 0

0 0 𝑃𝑍𝑍𝑖

] ∙ �⃗⃗� ∙ ‖𝑉‖

𝑓𝑥 = 𝑃𝑋𝑋𝜈 ∙ 𝑢 + 𝑃𝑋𝑋𝑖 ∙ 𝑢 ∙ ‖𝑉‖

�⃗⃗�

�⃗⃗� = (
𝑢
0
0
) ; 𝑒 ‖𝑉‖ = 𝑢 

𝑓𝑥 = 𝑃𝑋𝑋𝜈 ∙ 𝑢 + 𝑃𝑋𝑋𝑖 ∙ 𝑢
2

𝑓𝑥



𝑑𝑟𝑎𝑔𝑥

𝑓𝑥 =
𝑑𝑟𝑎𝑔𝑥
𝑣𝑜𝑙𝑢𝑚𝑒 

[𝑁 𝑚3⁄ ]

𝑣𝑜𝑙𝑢𝑚𝑒 ≝ 𝑣𝑜𝑙𝑢𝑚𝑒 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑎𝑡𝑜 𝑛𝑒𝑙𝑙𝑎 𝑝𝑟𝑜𝑣𝑎

𝑣𝑜𝑙𝑢𝑚𝑒 = 0.06 ∙ 0.0157 ∙ 0.04    𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑖 𝑖𝑛 𝑥 𝑦 𝑧

𝑑𝑟𝑎𝑔𝑥
𝑣𝑜𝑙𝑢𝑚𝑒 

= 𝑃𝑋𝑋𝜈 ∙ 𝑢 + 𝑃𝑋𝑋𝑖 ∙ 𝑢
2       𝑒𝑞 𝑑𝑖 𝑛𝑜𝑠𝑡𝑟𝑜 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑠𝑒 



𝑑𝑟𝑎𝑔𝑥

𝑣𝑜𝑙𝑢𝑚𝑒 



= 𝑃𝑋𝑋𝜈 ∙ 𝑢 + 𝑃𝑋𝑋𝑖 ∙ 𝑢
2 · 𝑣𝑜𝑙𝑢𝑚𝑒

= 𝑃𝑋𝑋𝜈 ∙ 𝑢 + 𝑃𝑋𝑋𝑖 ∙ 𝑢
2 ·









 

 

 





 
 











 

 

 



 

 





 



 





 













 





 



 

𝑥𝐺 𝑏𝑜𝑑𝑦 𝑦𝐺 𝑏𝑜𝑑𝑦

𝑥𝑤𝑖𝑛𝑔𝑖 𝑦𝑤𝑖𝑛𝑔𝑖



{
 

 
𝐿𝑏𝑜𝑑𝑦 + 𝐿𝑤𝑖𝑛𝑔1 = 𝐿𝑡𝑜𝑡

𝐷𝑏𝑜𝑑𝑦 + 𝐷𝑤𝑖𝑛𝑔1 + 𝑇𝑟𝑢𝑠𝑡 = 0

−𝐿𝑏𝑜𝑑𝑦 ∙ 0−𝐿𝑤𝑖𝑛𝑔1 ∙ 𝑥𝑤𝑖𝑛𝑔1 + 𝐷𝑏𝑜𝑑𝑦 ∙ 0 + 𝐷𝑤𝑖𝑛𝑔1 ∙ 𝑦𝑤𝑖𝑛𝑔1 +𝑀𝑏𝑜𝑑𝑦 +𝑀𝑤𝑖𝑛𝑔1 +

+𝑇𝑟𝑢𝑠𝑡 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 = 𝑀𝑡𝑜𝑡

−𝐿𝑤𝑖𝑛𝑔1 ∙ 𝑥𝑤𝑖𝑛𝑔1 +𝐷𝑤𝑖𝑛𝑔1 ∙ 𝑦𝑤𝑖𝑛𝑔1 +𝑀𝑏𝑜𝑑𝑦 +𝑀𝑤𝑖𝑛𝑔1 + 𝑇𝑟𝑢𝑠𝑡 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 = 𝑀𝑡𝑜𝑡

𝑀𝑡𝑜𝑡 = 0

𝐿𝑏𝑜𝑑𝑦 + 𝐿𝑤𝑖𝑛𝑔1 = 𝐿𝑡𝑜𝑡

−𝐿𝑤𝑖𝑛𝑔1 ∙ 𝑥𝑤𝑖𝑛𝑔1 +𝐷𝑤𝑖𝑛𝑔1 ∙ 𝑦𝑤𝑖𝑛𝑔1 +𝑀𝑏𝑜𝑑𝑦 +𝑀𝑤𝑖𝑛𝑔1 + 𝑇𝑟𝑢𝑠𝑡 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 = 0

𝐿𝑤𝑖𝑛𝑔1 ∙ 𝑥𝑤𝑖𝑛𝑔1 −𝐷𝑤𝑖𝑛𝑔1 ∙ 𝑦𝑤𝑖𝑛𝑔1 = 𝑇𝑟𝑢𝑠𝑡 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 +𝑀𝑏𝑜𝑑𝑦 +𝑀𝑤𝑖𝑛𝑔1

𝑦𝑤𝑖𝑛𝑔1



𝐿𝑤𝑖𝑛𝑔1 =
+𝑇𝑟𝑢𝑠𝑡 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 +𝑀𝑏𝑜𝑑𝑦 +𝑀𝑤𝑖𝑛𝑔1

𝑥𝑤𝑖𝑛𝑔1

𝐿𝑤𝑖𝑛𝑔1 ∙ 𝑥𝑤𝑖𝑛𝑔1 ≫ 𝐷𝑤𝑖𝑛𝑔1 ∙ 𝑦𝑤𝑖𝑛𝑔1

𝐿𝑤𝑖𝑛𝑔1
𝐷𝑤𝑖𝑛𝑔1

≈ 𝑜(10)

𝑦𝑤𝑖𝑛𝑔1
𝑥𝑤𝑖𝑛𝑔1

= 𝑂(0.1)

𝐿𝑤𝑖𝑛𝑔1
𝐷𝑤𝑖𝑛𝑔1

≫
𝑦𝑤𝑖𝑛𝑔1
𝑥𝑤𝑖𝑛𝑔1

⇒ 𝑜(10) ≫ 𝑂(0.1) ⇒ 𝐿𝑤𝑖𝑛𝑔1 ∙ 𝑥𝑤𝑖𝑛𝑔1 ≫ 𝐷𝑤𝑖𝑛𝑔1 ∙ 𝑦𝑤𝑖𝑛𝑔1

𝐿𝑤𝑖𝑛𝑔1 =
+𝑇𝑟𝑢𝑠𝑡 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 +𝑀𝑏𝑜𝑑𝑦 +𝑀𝑤𝑖𝑛𝑔1

𝑥𝑤𝑖𝑛𝑔1

𝑇𝑟𝑢𝑠𝑡

𝐷𝑏𝑜𝑑𝑦 + 𝐷𝑤𝑖𝑛𝑔1 + 𝑇𝑟𝑢𝑠𝑡 = 0

𝐷𝑏𝑜𝑑𝑦 ≫ 𝐷𝑤𝑖𝑛𝑔1

𝑇𝑟𝑢𝑠𝑡 = −𝐷𝑏𝑜𝑑𝑦

𝐿𝑤𝑖𝑛𝑔1 =
−𝐷𝑏𝑜𝑑𝑦 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 +𝑀𝑏𝑜𝑑𝑦 +𝑀𝑤𝑖𝑛𝑔1

𝑥𝑤𝑖𝑛𝑔1



𝑀𝑏𝑜𝑑𝑦+𝐷𝑏𝑜𝑑𝑦 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡   𝑀𝑤𝑖𝑛𝑔1

𝑀𝑏𝑜𝑑𝑦−𝐷𝑏𝑜𝑑𝑦 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 ≫ 𝑀𝑤𝑖𝑛𝑔1

𝑀𝑤𝑖𝑛𝑔1

𝐿𝑤𝑖𝑛𝑔1 =
−𝐷𝑏𝑜𝑑𝑦 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 +𝑀𝑏𝑜𝑑𝑦

𝑥𝑤𝑖𝑛𝑔1
 (1)

𝐷𝑏𝑜𝑑𝑦

𝐿𝑤𝑖𝑛𝑔1

𝐶𝐷 𝑏𝑜𝑑𝑦 𝐶𝐿 𝑤𝑖𝑛𝑔

𝐶𝐷 𝑏𝑜𝑑𝑦 =
−𝐷𝑏𝑜𝑑𝑦

1
2
∗ 𝐴𝑓𝑟𝑜𝑛𝑡𝑎𝑙 ∙ 𝜌∞ ∙ 𝑉∞2

 𝑐ℎ𝑒 𝑛𝑜𝑛 𝑢𝑠𝑒𝑟𝑒𝑚𝑜 𝑝𝑒𝑟 𝑜𝑟𝑎

𝐶𝐿 𝑤𝑖𝑛𝑔 =
−𝐿𝑤𝑖𝑛𝑔1

1
2 ∗ 𝑆𝑤𝑖𝑛𝑔 ∙ 𝜌∞ ∙ 𝑉∞

2

𝐶𝐿 𝑤𝑖𝑛𝑔 =
−𝐿𝑤𝑖𝑛𝑔1

1
2 ∗ 𝑆𝑤𝑖𝑛𝑔 ∙ 𝜌 ∙ 𝑉∞

2
=
−𝐷𝑏𝑜𝑑𝑦 ∙ 𝑦𝑤ℎ𝑒𝑒𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 +𝑀𝑏𝑜𝑑𝑦

𝑥𝑤𝑖𝑛𝑔1 ∙
1
2 ∗ 𝑆𝑤𝑖𝑛𝑔 ∙ 𝜌∞ ∙ 𝑉∞

2
 𝑑𝑎𝑙𝑙𝑎 (1)

𝐷𝑏𝑜𝑑𝑦 𝑀𝑏𝑜𝑑𝑦 𝑉∞ 𝜌∞ 𝜌∞ 𝐶𝐿 𝑤𝑖𝑛𝑔

𝐷𝑏𝑜𝑑𝑦(𝑉∞)

𝑀𝑏𝑜𝑑𝑦(𝑉∞)

𝐶𝐿 𝑤𝑖𝑛𝑔(𝑉∞)



𝑉∞

𝐶𝐿 𝑤𝑖𝑛𝑔





𝑉∞

𝑉∞ 𝑉∞











 

 







 













 











 













 

 



 



 
 


