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Auxiliary
rudder

A: Accelerometer 
     (2 positions opposite 
      each other on each surface)

P: Pressure tran� sducers
     (9 positions opposite 
      each other on each surface)

T: Torque sensor
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WLV : Wing leadÀ ing-edge vortex

CLV : Canard leaÁ ding-edge vortex

CTV : Canard traÁ iling-edge vortex
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Conf. 1:
L.E. = -20°
Tr.E. = +20°
Can. = -10°
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β = 0°

Conf. 0:
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Can. = 0°
Strakes off

acb d
ef

gihkj �
lnmco�p�S�qsrut�v>w5x�y�t0zRv0{+z}|�v0~�|�x�~cv0��t<z��+{s��x���t�����y�t0w�w5x�y�t0w�v>w-�*x�{+|���m��F{R�0��v�{�oF~ct]����v0����vF|����
���������?�n����������� 
 ��  ��¡�¢	£U�R¤ 
 ��¥�¦�¥E�E§   ��¡�¨?©�¤�ª�«+¬��®­°¯&�E±³²�´�±X�Eµ?¶X·�¸��������R� 
 ¥E¹   ��¡�¢	£���� 
	��º ¦�¥E��§ p

»



¼�½5½�¼0¾5¿À¼0Á�½@Â�Ã�Ä�Å�Æ�Á?½JÇ°È�É�ÁHÃ�Ê�Ë�¼<Ì�ÍÎ¼�Ì�ÍÎÏJÐ�Ñ0ÃÒÅ�ËFÓ�¼<Æ�ÍÎ¼�Ì�ÍÕÔXÌ>Ä�Ð>¼�Æ�ÍÖ½@ÂFÅ�Á]¼<Ë�Ë�Æ@Ð>¼0¾5ÂFÔXÌ�×À½@Â�ÃRÏ[Ô³Í
Á?ÃE¾�½NÔØÐ�Ì+Ù�Ú�ÔX× ��Û ¾ ��Ü Â�ÃHÝ$È�É�Á�¼�Ì�Í�Ý Ü É�Á�¼�Æ5ÃI¼�Þ�Á?ÐJË�Å�Á?Â�ÃEÍß½@ÐJ½@Â�Ã�ÏHÔ�ÍRÁ?ÃE¾�½NÔØÐ�Ì�Ä�ÃE¾�¼<Å�Á?ÃIÐ�à�¼�ÏJÃ�Æ@×�ÔXÌ�×
Ó�ÔX½@Âu½@Â�ÃJÇ°È�É�Á �Òá ÌuË�¼�Æ@½NÔ³¾�ÅFÞ�¼�Æ�Ù�½5Â�ÃJâ�Ì}ã�Ð�ÓäÔ³ÁåÔXÌFã�Å�Ã�Ì�¾�ÃEÍÎÄFæ�ÔXÌ�ÍFÅ�¾�½?ÔXÐ0ÌÎÃ�ç+ÃE¾�½�ÁI¼�ÆNÔ³Á9ÔØÌ�×�à�Æ@Ð0Ïè½@Â�Ã
Ã�Ê�Ë�¼�Ì�Í�ÔXÌ�×�Ó�ÔXÌ�×�ÞXÃE¼0Í�ÔXÌ�×�é>ÃEÍF×0Ã�Ñ0Ð0Æ5½@Ã�ÊåÁNÂ�Ã�Ã�½�ÁnÓ�ÂFÔ�¾@ÂJ¼�Æ5Ã(½@Â�Ã(ÞXÐ�¾5Ô�Ð�à�Ïê¼�ÊFÔXÏ]Å�Ïë½@Å�Æ@Ä�ÅFÞXÃ�Ì�¾�Ã&ÔXÌ>½5Ã�Ì�ÁAÔX½?ÔXÃEÁ�Ù
Ú�ÔX× �IÛ Í �ìÜ Â�ÃIÔXÌF½@Ã�Æ�¼0¾�½NÔØÐ�ÌíÄ�Ã�½?Ó�Ã�Ã�Ì}ÇîÈ<ÉìÁ�¼�Ì�Í}¾�¼�Ì�¼<Æ�ÍRÑ0Ð�Æ@½?Ô�¾�ÃEÁ�ï@Ý$È�É�Á�¼�Ì�ÍÕÝ Ü É�Á�ð&ÞXÃE¼0Í�Á�½@ÐÒÞXÐ�¾�¼�Þ
Æ@ÏÒÁ�Ïê¼�ÊFÔXÏê¼HÓ�ÔX½@ÂFÔXÌ�½5Â�Ã�â�Ìs¼�Æ@ÃE¼ �kñ@ñ
ò�ócôsõ÷ö�ø�ù>úêû�ü�ù�ý�ý�ö+üEù�ý
Ü Â�ÃR¾�Ð0Æ@Æ5ÃEÁ?Ë�Ð0Ì�Í�ÔXÌ�×íÁ?Å�Æ?à*¼0¾�ÃÒË�Æ@ÃEÁ@Á?Å�Æ5ÃHã�Å�¾�½@Å�¼�½?ÔXÐ0Ì�Á÷ÍFÃ�â�ÌFÔØÌ�×Õ½@Â�ÃJÄ�ÅFç+Ã�½JÁAÔX½@Å�¼�½?ÔXÐ0ÌÀ¼<Æ@Ã�¼�Ñ0Ã�Æ�¼�×0ÃEÍßàMÐ�Æ
ÃE¼0¾5ÂJÁAÔ�ÍFÃUÐ<à�½@Â�Ã&â�Ìê¼�Ì�Í[ËFÞØÐ�½@½@ÃEÍ�½@Ð0×0Ã�½5Â�Ã�Æ�¼0Á�àMÅ�Ì�¾�½NÔØÐ�ÌJÐ�àþ¼<Ì�×�ÞXÃ�Ð�àþ¼<½@½�¼0¾5¿�Ù�Ú�ÔX× �(ÿ���� Å�Æ?à*¼0¾�Ã�Ë�¼�Ì�Ã�Þ�Á�¼<Æ@Ã
Å�Á?ÃEÍ�àMÐ�ÆU¼�Ñ0Ã�Æ�¼�×�ÔXÌ�×������	��
�ï?Ú�ÔØ× �$ÿ ð�¼0Á@Á?Å�ÏHÔXÌ�×Ò½@Â�¼�½�½5Â�ÃIÆ@ÏêÁ�Ë�Æ@ÃEÁ@Á?Å�Æ@ÃEÁ�¼�Æ@ÃH¾�Ð0Ì�Á?½�¼<Ì>½�½5Â�Æ@Ð0Å�×0Â�Ð0Å�½-½@Â�Ã
Ë�¼�Ì�Ã�Þ�Á �&Ü Â�Ã�Ä�ÅFç+Ã�½(Ë�Æ@ÃEÁ@Á?Å�Æ5ÃEÁnÔXÌ�¾�Æ@ÃE¼0Á?Ã�Á?Ã�Ñ0Ã�Æ5Ã�ÞØæJ¼�Ä�Ð�Ñ0Ã�g
����� j Æ@Ã�ã�ÃE¾�½?ÔXÌ�×I½5Â�Ã�Æ?Ô�Á?Ã�ÔXÌJ½@Â�Ã�Þ³¼<½@Ã�Æ�¼�Þ�Æ@ÏÒÁ
Ñ0Ã�ÞXÐ�¾5ÔX½?ÔXÃEÁ �IÜ Â�Ã�Æ@ÃEÁ?ÅFÞX½�Á�¼�Æ@Ã�½�¼�¿0Ã�ÌßàMÆ5Ð0Ï Å�Ì�ÁN½@ÃE¼0ÍFæRË�Æ@ÃEÁ@ÁNÅ�Æ@ÃHÏJÃE¼0Á?Å�Æ@Ã�Ï÷Ã�Ì>½�Á-Ð0Ì}Í�Ô`ç+Ã�Æ@Ã�ÌF½���������é�Á@¾�¼�ÞXÃ
ÏJÐ�ÍFÃ�Þ�ÁJÓ�ÔØ½5Â Í�Ô`ç+Ã�Æ@Ã�ÌF½ê¾�Ð0ÌFâ�×�Å�Æ�¼�½?ÔXÐ0Ì�¼�ÞUÍFÃ�½�¼�Ô`Þ�Áßï�������� á� �!� ÿ�Û0ÿ Ù"��Ã�à �$#&% Ú(È�' � ÿ0ÿ�ÿ Ù(��Ã�à � ��)Fð
¼0Á�Ó�Ã�ÞDÞU¼0ÁåàMÆ@Ð�Ï Ë�Æ5ÃEÁ@Á?Å�Æ@ÃR¾�¼�Þ�¾�ÅFÞ�¼�½?ÔXÐ0Ì�Á÷Ä�¼0Á?ÃEÍuÐ0Ìu½@Â�ÃÒÏJÃE¼0Á?Å�Æ@ÃEÍu½5Å�Æ@Ä�ÅFÞXÃ�Ì>½Hã�Ð�Ó�â�Ã�Þ�Í�Á � ñ+* Ü Â�Ã�Í�¼�½�¼
Ð0Ä�½�¼�ÔXÌ�ÃEÍ�Á?Â�Ð�Ó°¼�Ì�Ã�Ê�¾�Ã�ÞDÞXÃ�Ì>½�¼�×0Æ@Ã�Ã�Ï÷Ã�Ì>½�Ð�Ñ0Ã�Æ�½@Â�ÃH¾�Ð0Ì�ÁAÔ�ÍFÃ�Æ@ÃEÍ�¼�Ì�×�ÞXÃ�é>Ð�àcé�¼�½@½�¼0¾@¿÷Æ�¼�Ì�×0Ã �
Ú�Ð0Æ�àMÅ�Æ5½@Â�Ã�ÆI¼�Ì�¼�ÞXæ�ÁAÔ�Á�Ù+Ä�ÅFç+Ã�½I¼�Ì�Í�Ä�ÅFç+Ã�½?ÔXÌ�×s¼�Æ5Ã-,�Å�¼�ÌF½?ÔDâ�ÃEÍ}ÄFæ�Ì�Ð0Ì�Í�ÔXÏJÃ�Ì�ÁAÔXÐ0Ì�¼�Þ�Á?Ë�ÃE¾�½@Æ�¼�Þ(à�Å�Ì�¾�½?ÔXÐ0Ì�Á �
Ü Â�ÃÒ¼�ÏJËFÞDÔX½@Å�ÍFÃ�ÁNË�ÃE¾�½@Æ�¼ßÐ�à�½@Â�ÃJÄ�ÅFç+Ã�½IË�Æ5ÃEÁ@Á?Å�Æ@ÃEÁ�Á?Â�Ð�Ó ½@Â�¼�½�½@Å�Æ@Ä�ÅFÞXÃ�ÌF½HÃ�Ì�Ã�Æ@×0æ�Ô�ÁI¾5Â�¼�Ì�Ì�Ã�ÞXÃEÍÕÔØÌF½@Ð}¼
Ì�¼�Æ5Æ@Ð�ÓsÄ�¼<Ì�Í�Ù0Ú�ÔØ× � �.) �+Ü ÂFÔ�ÁnÃ�Ì�Ã�Æ@×0æI¾�Ð0Ì�¾�Ã�ÌF½@Æ�¼<½?ÔXÐ0Ì�Ô�Á�ÍFÃ�½@ÃE¾�½5ÃEÍI½5Â�Ã(â�Æ�Á?½�½?ÔXÏJÃ$¼�½ng
/���� j Ä�ÃE¾�¼<Å�Á?Ã�½@Â�Ã
Â�Ã�ÞDÔ�¾�¼�Þ�ÏJÐ�ÍFÃ�ÔXÌ�Á?½�¼�ÄFÔDÞDÔX½9æ}Ð�à(½@Â�Ã�Ä�Å�Æ�ÁN½UÇ°È�É�Á�Á?½�¼<Æ@½�Á�½@ÐJ¼�ç+ÃE¾�½�½5Â�Ã�â�Ì�Ë�Æ5ÃEÁ@Á?Å�Æ@Ãåâ�Ã�Þ³Í � Ú�Æ@Ð0Ï g0�1��2>j
½@ÐIg0� # ��34� j ½@Â�Ã�Ì�¼<Æ@Æ@Ð�Ó�é>Ä�¼�Ì�ÍH¼�Ï÷ËFÞ`ÔX½@Å�ÍFÃEÁ ÔXÌ�¾�Æ@ÃE¼0ÁNÃUÓ�ÂFÔDÞXÃ�½@Â�ÃUÍFÐ�ÏHÔXÌ�¼�Ì>½&Æ@ÃEÍFÅ�¾�ÃEÍ[àMÆ@Ã�,�Å�Ã�Ì�¾5ÔXÃEÁ�576+8:9
¼�Æ5Ã]Á?ÂFÔDà�½@ÃEÍ�½@ÐHÞXÐ�Ó$Ã�Æ�Ñ�¼�ÞØÅ�ÃEÁ �UÜ ÂFÔ�Á-à�Æ@Ã�,0Å�Ã�Ì�¾�æ}Á?ÂFÔDàM½-Ô�Á�¾�¼�Å�Á?ÃEÍßÄ>æ�¼�ÌßÔXÌ�¾�Æ@ÃE¼0Á?Ã�ÔXÌ}½@Â�ÃIÓ�¼�Ñ0Ã�ÞXÃ�Ì�×0½@Â}Ð�à
½@Â�Ã�Â�Ã�ÞDÔ�¾�¼�Þ�ÏJÐ�ÍFÃ�ÔXÌ�Á?½�¼�ÄFÔDÞDÔX½?æ�Ó�Â�Ã�Ì�Æ�¼�Ô�ÁAÔXÌ�×ê½5Â�ÃI¼�Ì�×�ÞXÃIÐ�à(¼�½@½�¼0¾5¿ �

U∞;
A
<

1P1= 7
P1= 3 P1= 5

P9
P1= 1P

>
7

P
>

5P
>

3P
>

1

U∞

z? F

x@ F

Buffet
A
 peak

BDC b

E
F F F G gÒh jIH

lnmco�p�.�J�q1K-x��nt��H��y�t0w�w5x�y�t�w5�+t0|���y�vML|ONív0�êw5��v�P
��m��F{RQ�.<Y �*�>y°v�~�~}v0{�oF~�t0w �0�Îv0����vF|�� ��t0w@��t0z+�
SUTs�WV0��XZY+[I\���¡ ¢	£ ��� 
 ��º ¦�¥E� § \�]ì�R�_^ p

`W`W`W`W`W`W``W`W`W`W`W`W``W`W`W`W`W`W``W`W`W`W`W`W`
aWaWaWaWaWaWaWaWaWaWaWaWaaWaWaWaWaWaWaWaWaWaWaWaWaaWaWaWaWaWaWaWaWaWaWaWaWaaWaWaWaWaWaWaWaWaWaWaWaWaaWaWaWaWaWaWaWaWaWaWaWaWaaWaWaWaWaWaWaWaWaWaWaWaWaaWaWaWaWaWaWaWaWaWaWaWaWaaWaWaWaWaWaWaWaWaWaWaWaWa

αb

Bursting of wing
leading-edge vortex
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U∞ sc in α

Impact on fin:
Structural vibrations
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Quasi-periodic velocity/
pressure flucf tuations of
breakdown flow

kdom = fdog m lµ / U∞

1/(cot ϕw sin α) • (0.282 ± 0.025)

kdom = 1/(cot ϕh w sin α) • 0.282∗i
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