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∫

∂Ω
ρ ~V

(

~V .~n
)

ds =

∫

∂Ω
([τ ].~n− P ~n) ds
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∫

Σc∪Σ∞∪Σlat∪Σ1

[

ρ ~V
(

~V .~n
)

− [τ ].~n+ P ~n
]

ds = ~0
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∫

Σc

[P~n− [τ ]~n] ds = −
∫

Σ∞∪Σlat∪Σ1

[

ρ~V
(

~V .~n
)

− [τ ].~n+ P~n
]

ds
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Ligne de sondage

Point du
maillage cartésien

Point interpolé sur
les lignes horizontales
du maillage cartésien
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f(zi)=dz f(zj)+(1-dz) f(zj+1)dzT

dz1 dz=dz1/dzT

Interpolation linéaire

Interpolation spline cubique
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yj yi
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Pi/Pi∞
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Zone de calcul : Pi/Pi∞ > µ1- 3σ1
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Etape 2
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Zone de calcul : Pi/Pi∞ > Pi
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Etape 1
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Profil initial

Profil corrigé
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Avant correction

y/(b/2)
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-1 0

Après correction
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ψ(y, z) = −
∫

Σ1

Gr(y0, z0, y, z)ζ(y0, z0) dy0 dz0 −
∫

∂Σ1

Grψn dl

φ(y, z) =

∫

Σ1

Gr(y0, z0, y, z)σ(y0, z0) dy0 dz0 +

∫

∂Σ1

Grφn dl
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GrCL(y, z, y0, z0) =
1

4π
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(y − y0)
2 + (z − z0)

2
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






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



ψCL(y, z) = − 1

4π

∫

Σsillage

ln
[

(y − y0)
2 + (z − z0)

2
]

ζ(y0, z0) dy0 dz0

φCL(y, z) =
1

4π

∫

Σ1

ln
[

(y − y0)
2 + (z − z0)

2
]

σ(y0, z0) dy0 dz0
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GrCF (y1, z1, y0, z0) =
1

4π

N
∑

j=1
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(yj − y0)
2 + (zj − z0)

2
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ψ(y, z) = − 1

4π
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∫

Σsillage

ln
[

(y − y0)
2 + (z − z0)

2
]

ζ(y0, z0) dy0 dz0
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Γk ln
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(y − yk)
2 + (z − zk)
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Lij = ln
[

(yi − yj)
2 + (zi − zj)

2
]

(i, j = 1...N)
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Gj = Γj (j = 1...N)
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Si =

∫

Σsillage
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[

(yi − y0)
2 + (zi − z0)

2
]

ζ(y0, z0) dy0 dz0 (i = 1...N)
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Champ libre
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z

Champ confiné
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Pi = Pi∞ (1 + δPi)
Ti = Ti∞ (1 + δTi)

~V = U∞
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ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

σPi

± Î ± Î ± Î ± Î ± Î

1 10−2 µE 0.35 0.38 0.42 0.38 0.37 0.38 0.41 0.38 0.37 0.38
σE 5.44 5.58 2.70 2.79 1.39 1.40 0.92 0.93 0.69 0.70

5 10−3 µE 0.08 0.10 0.11 0.10 0.10 0.10 0.11 0.10 0.09 0.10
σE 2.78 2.79 1.39 1.40 0.69 0.70 0.49 0.47 0.35 0.35

1 10−3 µE 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.56 0.56 0.28 0.28 0.14 0.14 0.09 0.09 0.07 0.07

5 10−4 µE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.27 0.28 0.14 0.14 0.07 0.07 0.05 0.05 0.03 0.03

1 10−4 µE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.06 0.06 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.00
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ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201

σPi

± Î ± Î ± Î

1 10−2 µE 2157.44 2151.79 2158.79 2151.79 2150.61 2151.79
σE 386.26 381.11 189.63 190.55 97.33 95.28

5 10−3 µE 539.42 537.94 538.92 537.94 538.68 537.94
σE 188.63 188.72 93.80 94.36 47.86 47.18

1 10−3 µE 21.80 21.52 21.70 21.52 21.58 21.52
σE 37.98 37.63 18.72 18.81 9.28 9.40

5 10−4 µE 6.10 5.38 5.24 5.38 5.47 5.38
σE 18.02 18.81 9.16 9.41 4.57 4.70

1 10−4 µE 0.28 0.22 0.19 0.22 0.22 0.22
σE 3.70 3.76 1.89 1.88 0.95 0.94

ni ∗ nj 301 ∗ 301 401 ∗ 401

σPi

± Î ± Î

1 10−2 µE 2152.56 2151.79 2152.08 2151.76
σE 63.57 63.51 46.58 47.64

5 10−3 µE 537.12 537.95 536.93 537.94
σE 31.54 31.45 23.93 23.59

1 10−3 µE 21.55 21.52 21.51 21.52
σE 6.05 6.27 4.72 4.70

5 10−4 µE 5.45 5.38 5.39 5.38
σE 3.08 3.14 2.33 2.35

1 10−4 µE 0.24 0.22 0.22 0.22
σE 0.63 0.63 0.48 0.48
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ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

σu
± Î ± Î ± Î ± Î ± Î

5 10−2 µE 0.08 0.00 0.09 0.00 0.09 0.00 0.09 0.00 0.09 0.00
σE 0.09 0.08 0.05 0.04 0.02 0.02 0.01 0.01 0.00 0.00

1 10−2 µE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00

5 10−3 µE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 10−3 µE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

σu
± Î ± Î ± Î ± Î ± Î

5 10−2 µE 1.43 0.00 1.32 0.00 1.34 0.00 1.32 0.00 1.33 0.00
σE 2.43 2.21 1.23 1.08 0.62 0.54 0.41 0.36 0.31 0.27

1 10−2 µE 0.05 0.00 0.05 0.00 0.05 0.00 0.05 0.00 0.05 0.00
σE 0.50 0.44 0.24 0.22 0.13 0.11 0.08 0.07 0.06 0.05

5 10−3 µE 0.03 0.00 0.02 0.00 0.01 0.00 0.01 0.00 0.00 0.00
σE 0.25 0.22 0.12 0.11 0.06 0.05 0.04 0.04 0.03 0.03

1 10−3 µE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.05 0.04 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00
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δv � δv
R + δvE

δw � δw
R + δwE
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ζ ′ = ζR + ζE � -�# �k� �
�,+6.



CD���,E������ �6T � � ��� � ������� 	�� � ��E���� � � ��� � � 	���� 
 ��� � ������� � ����������� � � � � �
	 � ��� �HK �����

C� W:75Æ¥

ζR =
∂δwR

∂y
− ∂δvR

∂z

� -�# �i� �

ζE =
∂δwE

∂y
− ∂δvE

∂z

� -�# �k� �
¸
CoJK69OF W:@8º8;:u£¤69JK5@?hI;69J�EF:�5769OFBDC�J�?´EF:u8QPSV75769OF8;:@�o:@J�?=:7Gh?qEFV$�KJFI;:D9 e C�Bh?hIºBqEF: ζ ′ :@?q:7Gh?q8�CoGA69�d�o:�EF:�8�C£¤69JK5@?hI;69J-EF:=5769OFBDC�J>?MBAV7:@8º8;:=:@?3E�P OFJK:.£}69JK5@?hI;69J�EF:´5769OFBDC�J�?3E�PS:@BhBA:@OFBAGu¥

ψ′ = ψR + ψE � -�# �4( �
C� W:75Æ¥

ψR(y, z) = −
∫

Σsillage

GrCL(y0, z0, y, z) ζ
R(y0, z0) ds0

� -�# �1+5�

ψE(y, z) = −
∫

Σsillage

GrCL(y0, z0, y, z) ζ
E(y0, z0) ds0

� -�# �4- �
:@?·C7 W:75

ds0 = dy0 dz0
#�¹ e C�Bh?hIºBZEF:7G(V)��O�C�?hI;69JKG e BAV757V7EF:@J>?A:7G :@?wEF:f8QPSV)��O�C�?hI;69J � -�# +5�¢µk8�Cq?hBDC%$;JKV7:1IºJKEiOFIº?A:

e :@OF? G�PSV75@BhIºBA:.5769�d�o:38�CuGA69�d�o:qEF:M?hBA69I;G·?hBDC%$;JKV7:7GT#i¸�C e BA:@�dI�8@BA:qBA: e BAV7GA:@J>?A:38�C�?hBDC%$;JKV7:qIºJKEiOFIº?A:qBAV7:@8º8;:�¥

Cxi = CxR
i + CxE

i + Cxcroise
i

� -�# �k� �
C� W:75Æ¥

CxR
i =

1

Sref

∫

Σsillage

ψRζR ds
� -�# � &7�

CxE
i =

1

Sref

∫

Σsillage

ψEζE ds
� -�# �4' �

Cxcroise
i =

1

Sref

∫

Σsillage

[

ψRζE + ψEζR
]

ds
� -�# �4. �

¯q	�	2����	�xW�c�

7��zK�����
¸�:15�C�8;5@OF8 EF:f8�C´ W69Bh?hI;5@Iº?AV09 e C�Bh?hIºB·EiOÆ5 ² C�� e EF:1 �Iº?A:7GAGA: ?hBDC�JKGh W:@BAG C�8;:3G�P C eFe OFI;:3GhOFBwOFJK:3V@ 9C�8ºO�C�?hI;69J

EF:7GNUkBDC9EiI;:@J>?AG©EF:( �Iº?A:7GAGA:7#�¿MJK:·:@BhBA:@OFB�5769JKGh?DC�J�?A:fGhOFB
8;:7G�EF:@Oi¡u5769� e 6kG C�J�?A:7G�?hBDC�JKGh W:@BAGDC�8;:7G�EF:Z8�C1 �Iº?A:7GAGA:
J�P CoEF69JK5�C�OK5@OFJK:´IºJ��KOK:@JK57:�GAOFBf8;:=5�C�8;5@OF8�EF:´57:@?h?A:´ W69Bh?hI;5@Iº?AVu:@?1EF:´8�C�?hBDC%$;JKV7:=IºJKEiOFIº?A:7#

¯q	�	2����	�zK| �>zi���cy{	��
V@E*E � � �����
��� � � ���! �$�

¸�:7Gw:@BhBA:@OFBAG(C�8;V�C�?A69IºBA:7GZGhOFB©8;:f5 ² C�� e EF:  >Iº?A:7GDGA: ?hBDC�JKGh W:@BAGDC�8;: � v :@? w ��GA69J>?©�o6>EFV@8ºI;GDV7:7G 9 e C�Bh?hIºB(EF:EiI;GA?hBhIºgFOF?hI;69JKGG1´C�OKGDGhI;:@JFJK:1EF: �o6T�W:@JFJK:MJ�OF8º8;:3:@?wE�PSV75�C�Bh?(?(� e : σv
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e 8ºOKG1Iº� e 69Bh?DC�J�?.EF:´?hIºBDC�UW:7G.CoV@?AV=: /�:75@?hOKVuC �KJ�EF:= WV@BhI ��:@B��>OK:´8;:7G 50
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σv ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

5 10−2 µE 4.58 4.33 4.14 4.02 3.99
σE 11.70 8.62 6.25 4.05 3.79

1 10−2 µE 0.18 0.18 0.17 0.16 0.16
σE 1.91 1.83 1.09 1.00 0.78

5 10−3 µE 0.05 0.04 0.04 0.04 0.04
σE 1.08 0.77 0.57 0.35 0.40
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σv ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

5 10−2 µE 11.66 11.32 11.05 10.93 10.85
σE 39.28 26.88 20.04 16.55 15.09

1 10−2 µE 0.48 0.45 0.44 0.44 0.43
σE 8.38 4.99 3.83 3.30 2.70

5 10−3 µE 0.12 0.11 0.11 0.11 0.11
σE 4.18 3.08 1.78 1.67 1.60

1 10−3 µE 0.00 0.00 0.00 0.00 0.00
σE 0.71 0.55 0.38 0.34 0.31
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ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201

σα
�{BDC9E'� ± Î ± Î ± Î

1 10−1 µE −0.14 −0.13 −0.14 −0.13 −0.14 −0.13
σE 0.02 0.01 0.01 0.01 0.00 0.00

5 10−2 µE −0.03 −0.03 −0.03 −0.03 −0.03 −0.03
σE 0.01 0.00 0.00 0.00 0.00 0.00

1 10−2 µE 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00 0.00 0.00

5 10−3 µE 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00 0.00 0.00

ni ∗ nj 301 ∗ 301 401 ∗ 401

σα
�{BDC9E'� ± Î ± Î

1 10−1 µE −0.14 −0.13 −0.14 −0.13
σE 0.00 0.00 0.00 0.00

5 10−2 µE −0.03 −0.03 −0.03 −0.03
σE 0.00 0.00 0.00 0.00

1 10−2 µE 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00

5 10−3 µE 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00
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ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201

σα
�{BDC9E'� ± Î ± Î ± Î

1 10−1 µE −2.61 −2.43 −2.60 −2.42 −2.56 −2.38
σE 0.69 0.63 0.37 0.38 0.20 0.20

5 10−2 µE −0.69 −0.61 −0.61 −0.60 −0.61 −0.59
σE 0.27 0.27 0.19 0.17 0.10 0.09

1 10−2 µE −0.02 −0.02 −0.03 −0.02 −0.03 −0.02
σE 0.06 0.05 0.04 0.03 0.02 0.02

5 10−3 µE −0.01 −0.01 −0.01 −0.01 0.00 −0.01
σE 0.03 0.03 0.02 0.02 0.01 0.01

ni ∗ nj 301 ∗ 301 401 ∗ 401

σα
�{BDC9E'� ± Î ± Î

1 10−1 µE −2.61 −2.37 −2.62 −2.36
σE 0.16 0.14 0.13 0.12

5 10−2 µE −0.65 −0.59 −0.63 −0.58
σE 0.07 0.06 0.06 0.05

1 10−2 µE −0.02 −0.02 −0.02 −0.02
σE 0.02 0.01 0.01 0.01

5 10−3 µE 0.00 −0.01 0.00 −0.01
σE 0.01 0.01 0.00 0.00
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∂uR(y, z)

∂y
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GrCL(y0, z0, y, z)
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∂y0
ds0

]
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ds0
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σα(rad) ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

1 10−1 µE 4.77 4.67 4.67 4.69 4.67
σE 9.07 5.27 3.59 3.17 2.93

5 10−2 µE 1.18 1.17 1.16 1.17 1.17
σE 4.20 2.44 1.55 1.43 1.13

1 10−2 µE 0.05 0.05 0.05 0.05 0.05
σE 0.67 0.43 0.33 0.24 0.21

5 10−3 µE 0.01 0.01 0.01 0.01 0.01
σE 0.37 0.29 0.19 0.14 0.11
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− ∂(uR sinβ + δvR cos β)
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ζ
′

=
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− ∂βuR

∂z
− ∂δvR
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∂β2δvR

∂z
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CD���,E������ �6T � � ��� � ������� 	�� � ��E���� � � ��� � � 	���� 
 ��� � ������� � ����������� � � � � �
	 � ��� �HK �����

ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201

σβ

�{BDC9E'� ± Î ± Î ± Î

1 10−1 µE −0.13 −0.14 −0.13 −0.13 −0.14 −0.13
σE 0.01 0.01 0.01 0.00 0.00 0.00

5 10−2 µE −0.03 −0.03 −0.03 −0.03 −0.03 −0.03
σE 0.00 0.00 0.00 0.00 0.00 0.00

1 10−2 µE 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00 0.00 0.00

5 10−3 µE 0.00 0.00 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00 0.00 0.00

ni ∗ nj 301 ∗ 301 401 ∗ 401

σβ

�{BDC9E'� ± Î ± Î

1 10−1 µE −0.14 −0.13 −0.14 −0.13
σE 0.00 0.00 0.00 0.00

5 10−2 µE −0.03 −0.03 −0.03 −0.03
σE 0.00 0.00 0.00 0.00

1 10−2 µE 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00

5 10−3 µE 0.00 0.00 0.00 0.00
σE 0.00 0.00 0.00 0.00

� � � � -�#º�k� �-¹�6�606 Ë ± C�BDC95@?AV@BhI;Gh?hI���OK:7G�EF:u8QPS:@BhBA:@OFB=EF:�?hBDC%$;JKV7:dEF: e BA6 �K8 e 69OFBqOFJK:":@BhBA:@OFB=C�8;V�C�?A69IºBA:
E�P C�JFUk8;:

β
�}:@J e 69IºJ�?AGMEF:.?hBDC%$;JKV7:kµ ± ¥F5�C�8;5@OF8Qµ�Î ¥i? ² V769BhI;: �$#
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T ��� � . ������� ����� � � F � � � ��� 	 � 	 ��� ��E�� ��� 	 ��� ��� � ��	 �
β

ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201

σβ

�{BDC9E'� ± Î ± Î ± Î

1 10−1 µE −2.48 −2.49 −2.49 −2.42 −2.47 −2.38
σE 0.66 0.63 0.30 0.38 0.20 0.20

5 10−2 µE −0.60 −0.61 −0.62 −0.60 −0.61 −0.59
σE 0.34 0.27 0.16 0.17 0.10 0.09

1 10−2 µE −0.02 −0.02 −0.03 −0.02 −0.02 −0.02
σE 0.06 0.05 0.03 0.03 0.02 0.02

5 10−3 µE 0.00 −0.01 −0.01 −0.01 0.00 −0.01
σE 0.03 0.03 0.02 0.02 0.01 0.01

ni ∗ nj 301 ∗ 301 401 ∗ 401

σβ

�{BDC9E'� ± Î ± Î

1 10−1 µE −2.48 −2.37 −2.53 −2.36
σE 0.13 0.14 0.09 0.09

5 10−2 µE −0.63 −0.59 −0.62 −0.61
σE 0.06 0.06 0.05 0.05

1 10−2 µE −0.02 −0.02 −0.02 −0.02
σE 0.01 0.01 0.01 0.01

5 10−3 µE 0.00 −0.01 0.00 0.00
σE 0.01 0.01 0.00 0.00

����� � -�#º��� � L * ( 3 Ë ± C�BDC95@?AV@BhI;Gh?hI��>OK:7G�EF:"8QPS:@BhBA:@OFB�EF:d?hBDC%$;JKV7:oEF: e BA6 �K8 e 69OFB´OFJK:o:@BhBA:@OFBuC�8;V�C�?A69IºBA:
E�P C�JFUk8;:

β
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CxE
i + Cxcroise

i =

− β

Sref

∫

Σsillage

[

ψR(y, z)
∂uR(y, z)

∂z
− ζR(y, z)

∫

Σsillage

GrCL(y0, z0, y, z)
∂uR(y0, z0)

∂z0
ds0

]

ds

+
β2

2Sref

∫

Σsillage

[

ψR(y, z)
∂δvR(y, z)

∂z
− ζR(y, z)

∫

Σsillage

GrCL(y0, z0, y, z)
∂δvR(y0, z0)

∂z0
ds0

−2
∂uR(y, z)

∂z

∫

Σsillage

GrCL(y0, z0, y, z)
∂uR(y0, z0)

∂z0
ds0

]

ds
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T ��� ��. ��� � � � 	GF � � � ��� 	 � � � � � ��� ��� � 
 � �����
θ
	���� � � � ��	��

σβ(rad) ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

1 10−1 µE 18.34 17.20 16.14 15.83 15.68
σE 22.32 16.04 11.24 9.27 8.52

5 10−2 µE 4.63 4.27 4.04 3.94 3.89
σE 10.35 6.82 5.81 4.25 4.18

1 10−2 µE 0.19 0.17 0.16 0.16 0.16
σE 2.39 1.60 1.20 0.89 0.75

5 10−3 µE 0.05 0.04 0.04 0.04 0.04
σE 0.95 0.71 0.55 0.46 0.45

����� � -�#º�*( ��¹�606�6 Ë ± C�BDC95@?AV@BhI;Gh?hI��>OK:7GdEF:o8QPS:@BhBA:@OFBdEF:Æ?hBDC%$;JKV7:�IºJKEiOFIº?A: e 69OFB�OFJK:�:@BhBA:@OFBdC�8;V�C�?A69IºBA:
E�P C�JFUk8;:

β
�}:@J e 69IºJ�?AG3EF:.?hBDC%$;JKV7: �$#

σβ(rad) ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

1 10−1 µE 46.83 44.69 43.87 43.41 43.04
σE 65.99 59.76 42.29 33.72 29.66

5 10−2 µE 11.54 11.06 10.94 10.82 10.77
σE 35.33 25.46 17.96 14.70 14.27

1 10−2 µE 0.46 0.45 0.44 0.43 0.43
σE 6.03 4.95 3.62 2.95 2.86

5 10−3 µE 0.11 0.11 0.11 0.11 0.11
σE 3.65 2.75 1.89 1.60 1.45

����� � -�#º�,+ � L * ( 3 Ë ± C�BDC95@?AV@BhI;Gh?hI��>OK:7GoEF:�8QPS:@BhBA:@OFBÆEF:�?hBDC%$;JKV7: IºJKEiOFIº?A: e 69OFB�OFJK:j:@BhBA:@OFBÆC�8;V�C�?A69IºBA:
E�P C�JFUk8;:
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 >Iº?A:7GDGA: ~V ′
:7Gh?MC�8;69BAG3V@U�C�8 9 ¥

~V ′ =





uR

cos θδvR − sin θδwR

sin θδvR + cos θwR




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ζ
′

=
∂(sin θδvR + cos θδwR)

∂y
− ∂(cos θδvR − sin θδwR)

∂z
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ζ
′

=
∂θδvR

∂y
+
∂δwR

∂y
− 1

2

∂θ2δwR

∂y
− ∂δvR

∂z
+

1

2

∂θ2δvR

∂z
+
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σθ(rad) ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

1 10−1 µE 0.03 0.03 0.03 0.03 0.03
σE 0.62 0.42 0.34 0.29 0.26

5 10−2 µE 0.01 0.01 0.01 0.01 0.01
σE 0.34 0.28 0.22 0.15 0.13

1 10−2 µE 0.00 0.00 0.00 0.00 0.00
σE 0.07 0.05 0.04 0.03 0.03

5 10−3 µE 0.00 0.00 0.00 0.00 0.00
σE 0.03 0.02 0.02 0.02 0.01
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σθ(rad) ni ∗ nj 51 ∗ 51 101 ∗ 101 201 ∗ 201 301 ∗ 301 401 ∗ 401

1 10−1 µE 0.58 0.72 0.76 0.77 0.78
σE 3.21 2.82 2.42 2.10 1.95

5 10−2 µE 0.14 0.17 0.18 0.19 0.19
σE 1.75 1.53 1.13 1.01 0.82

1 10−2 µE 0.01 0.01 0.01 0.01 0.01
σE 0.32 0.27 0.21 0.18 0.17

5 10−3 µE 0.00 0.00 0.00 0.00 0.00
σE 0.22 0.16 0.12 0.10 0.08
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5 10−3 5 10−3 9 10−3 9 10−3 9 10−3

CxE
p 0.15 0.00 0.01 0.00 0.00

CxE
i 0.00 0.00 0.11 0.01 0.01
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5 10−3 5 10−3 9 10−3 9 10−3 9 10−3

CxE
p 2.40 0.00 0.47 0.01 0.00

CxE
i 0.00 0.00 0.26 0.14 0.12
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δPi δu δv

:@?
δw α β θ4(5�C�Bh?1?(� e : 2 10−4 2 10−3 2 10−3 3 10−3 3 10−3 3 10−3

CxE
p µE 0.00 0.00 0.00 0.00 0.00 0.00

σE 0.02 0.00 0.00 0.00 0.00 0.00

CxE
i µE 0.00 0.00 0.01 0.01 0.02 0.00

σE 0.00 0.00 0.16 0.08 0.25 0.01
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δw α β θ4(5�C�Bh?1?(� e : 2 10−4 2 10−3 2 10−3 3 10−3 3 10−3 3 10−3

CxE
p µE 0.86 0.00 0.00 0.00 0.00 0.00

σE 1.24 0.02 0.00 0.00 0.00 0.00

CxE
i µE 0.00 0.00 0.02 0.01 0.03 0.00

σE 0.00 0.00 0.69 0.35 0.91 0.06
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Distributions en envergure

Répartitions surfaciques

y/(b/2)

z/
(b

/2
)
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y/(b/2)

δ
C

x v

-1 0

Avec nacelle
Voilure lisse

y/(b/2)

z/
(b

/2
)

-1 0
Voilure lisse

Tourbillon d’extrémité de voilure
et FTF1

FTF : Flap Track Fairing

FTF3
FTF2

FTF5
FTF4

Discontinuité du volet

Belly fairing
et fuselage
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Lois de charge
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6/�1'��� %$���$3]/0�$_�1$��/ 3��H+'��
�%,1'�03������P%'�F3];���"<�����0
6�$3
%24\��������
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&;�#$�TD ;.#L���D+I/0
6�����.�����K%'��A��0�����>]

Dpression +Dfrottement = Dvw +Dsp +Di

²:�IZ-w/sCµ

��G]

Dsp =

∫

Vsp

div ~fvwdV
²:�IZ-w N µ
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6�����F;��/Z
mY4\"$_�1L�����0
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Di =

∫

VV ∪VW ∪Vsp

div~fidv −
∫

Σc

~fi.~nds
²:�IZ-w�(5µ
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Dsp = (Dpression +Dfrottement) − (Dvw +Di)
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Dcorrection =

∫

Vcorrection

div ~fvwdV
� � gP�h� �

A0BuJ%Y�R:�2LXWPW8L�CFEGBIH8J%KMLdNPJ%QSR:NPCTL
Dic
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Dic = Diap +Dcorrection
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