
Trainée - Portance




Portance sur un cylindre tournant

 = Ur sin ✓(1�R2/r2)
<latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit><latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit><latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit><latexit sha1_base64="ljXtN1Gsy1hMLXOLsGp5IYNO6Ig="></latexit>

� = Ur cos ✓(1 +R2/r2)
<latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="N6ob/JT8omTmbhVFIVoK/tia7Yk="></latexit><latexit sha1_base64="N6ob/JT8omTmbhVFIVoK/tia7Yk="></latexit><latexit sha1_base64="I9rYt1tm8yLt9sBkWrhYkqYSPh0="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit><latexit sha1_base64="rTJ9Sj623VROcvzPYUTfYgjQGso="></latexit>

� = �✓/2⇡
<latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit><latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit><latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit><latexit sha1_base64="E8ARDV0C5zl1dXjF7vzz+jm72lY="></latexit>

+

iso- 
<latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit><latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit><latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit><latexit sha1_base64="1VCxYbpyGApDPOKi1xrKObjqL74="></latexit>

� < 0
<latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit>

 = � �

2⇡
ln

r

r0
<latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit><latexit sha1_base64="wr5UZT3LnLBjre+2xTN4cDZRYPw="></latexit>





La pression sur le cylindre est donnée par l’équation de Bernoulli :

p+
1

2
⇢u2(R) = p1 +

1

2
⇢U2

<latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit><latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit><latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit><latexit sha1_base64="NMZvcJ1gmLRvpkxIG2Eg0ziY5gQ="></latexit>

u✓(R) = �2U sin ✓ +
�

2⇡R
<latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit><latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit><latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit><latexit sha1_base64="bLbWDkiGAQf/sd/dJoMedBPiKmU="></latexit>

ur(R) = 0
<latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit><latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit><latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit><latexit sha1_base64="IdPxY08UGhlQNolLpNbXNUSPIFU="></latexit>

(
<latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit><latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit><latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit><latexit sha1_base64="4aFnG51jHNF6wcGbAow9E02hGMc="></latexit>

)
<latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit><latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit><latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit><latexit sha1_base64="sN9Ywrjt7++8A9GWyHgLCW9CXYQ="></latexit>

La portance par unité de longueur de cylindre est donnée par :

Fp = Fy = �
Z 2⇡

0
p sin ✓ Rd✓ = �2⇢U2 �

2⇡RU
R⇡ = �⇢U�

<latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit><latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit><latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit><latexit sha1_base64="IoTxCRbQe6fw2Fgph1kI0Jvy7jM="></latexit>

La trainée par unité de longueur de cylindre est donnée par :

Ft = Fx = �
Z 2⇡

0
p cos ✓ Rd✓ = 0

<latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit><latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit><latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit><latexit sha1_base64="lbqjgLISxyXcoVk8a0PYc2q0Zyw="></latexit>

Fp = �⇢U�
<latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit>

Formule générale de Joukovski qui lie la portance à la circulation

� =
�

2⇡RU
<latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit><latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit><latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit><latexit sha1_base64="gdli6UZ83F9oUvd80aJVzHFOe0Q="></latexit>

avecp = p1 +
1

2
⇢U2(1� 4 sin2 ✓ � �2 + 4� sin ✓)

<latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit><latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit><latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit><latexit sha1_base64="L04LEldj2EBQKdnpomFdID1bHgc="></latexit>

la circulation réduite

+

� 6= 0
<latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit><latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit><latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit><latexit sha1_base64="4lBtI4qIORzYOM5S8XuX8mQAHqc="></latexit>

x
<latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit>

y
<latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit>

U
<latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit>



+

Fp = �⇢U�
<latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit><latexit sha1_base64="mgh6Fwhjbky2fwgCLHKzCJRGXlg="></latexit>

U
<latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit><latexit sha1_base64="UPe53xPVQ+k3UYNWmI9txn+9EyA="></latexit>

U > 0
<latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit><latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit><latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit><latexit sha1_base64="PxvqWrPaVXlA9VEGMy9ZoRngz0Q="></latexit>

Fp > 0
<latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit><latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit><latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit><latexit sha1_base64="CFOHSkme9DFZQQVEKMPM/tL90yE="></latexit>

� < 0
<latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit><latexit sha1_base64="9XdRND3Qt8DsJ1ulJ3JCbTio7go="></latexit>

U+
<latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit><latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit><latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit><latexit sha1_base64="tqDBj9GWW64PaXogiVa5Fp51OnM="></latexit>

p�
<latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit><latexit sha1_base64="GKipa2tgQXDaMvE5gXEyqHM8aOs="></latexit>

U�
<latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit><latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit><latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit><latexit sha1_base64="PFfCeRLnPQfsMEc1HclN5hCxFk4="></latexit>

p+
<latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit><latexit sha1_base64="CIQ/kp4PNOSXtOC60NHy2/nGFsM="></latexit>

Fp
<latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit><latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit><latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit><latexit sha1_base64="EJEQpiYe1qptO2sjHAVWCYO1PNc="></latexit>

x
<latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit><latexit sha1_base64="MyiEmFnntf+qNJvnSMVFXu6341g="></latexit>

y
<latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit><latexit sha1_base64="Ne219FMGE9f9p0Jycnzrb+NuVNQ="></latexit>



F = −ρU ∧

∫
S

v ∧ ndS



2. Traînée de forme

2.1 Une couche limite à contre-sens

Re � 1

<latexit sha1_base64="uVK6BfQX6wgmYh0W2Flm349Rd+Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyivmA5Ah7m7nLkr29Y3dPCCE/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNQjYJLbBpuBHZShTQOBLaD0e3Mbz+h0jyRj2acoh/TSPKQM2qs1H7AXhQRr1+uuFV3DrJKvJxUIEejX/7qDRKWxSgNE1Trruemxp9QZTgTOC31Mo0pZSMaYddSSWPU/mR+7pScWWVAwkTZkobM1d8TExprPY4D2xlTM9TL3kz8z+tmJrz2J1ymmUHJFovCTBCTkNnvZMAVMiPGllCmuL2VsCFVlBmbUMmG4C2/vEpaF1WvVr28r1XqN3kcRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDahWO9A==</latexit>

hypothèse: écoulement laminaire



2. Traînée de forme

2.1 Une couche limite à contre-sens

Re � 1

<latexit sha1_base64="uVK6BfQX6wgmYh0W2Flm349Rd+Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyivmA5Ah7m7nLkr29Y3dPCCE/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNQjYJLbBpuBHZShTQOBLaD0e3Mbz+h0jyRj2acoh/TSPKQM2qs1H7AXhQRr1+uuFV3DrJKvJxUIEejX/7qDRKWxSgNE1Trruemxp9QZTgTOC31Mo0pZSMaYddSSWPU/mR+7pScWWVAwkTZkobM1d8TExprPY4D2xlTM9TL3kz8z+tmJrz2J1ymmUHJFovCTBCTkNnvZMAVMiPGllCmuL2VsCFVlBmbUMmG4C2/vEpaF1WvVr28r1XqN3kcRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDahWO9A==</latexit>

hypothèse: écoulement laminaire

⇒ hors couche limite: Bernoulli

U� ) P+

<latexit sha1_base64="LZ4iOKf+dd2c/c1rdt1fyzaf4jw=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk0693Qw1EhK8TSpdU97dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd7KUpQ==</latexit>

U� ) P+

<latexit sha1_base64="LZ4iOKf+dd2c/c1rdt1fyzaf4jw=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk0693Qw1EhK8TSpdU97dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd7KUpQ==</latexit>

U+ ) P�

<latexit sha1_base64="wetyuJ2Z7t5GU/E8thkadgk3E4o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk4693Qw1EhK8TSpdc96dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd5KUpQ==</latexit>

U+ ) P�

<latexit sha1_base64="wetyuJ2Z7t5GU/E8thkadgk3E4o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk4693Qw1EhK8TSpdc96dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd5KUpQ==</latexit>



2. Traînée de forme

2.1 Une couche limite à contre-sens

Re � 1

<latexit sha1_base64="uVK6BfQX6wgmYh0W2Flm349Rd+Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyivmA5Ah7m7nLkr29Y3dPCCE/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNQjYJLbBpuBHZShTQOBLaD0e3Mbz+h0jyRj2acoh/TSPKQM2qs1H7AXhQRr1+uuFV3DrJKvJxUIEejX/7qDRKWxSgNE1Trruemxp9QZTgTOC31Mo0pZSMaYddSSWPU/mR+7pScWWVAwkTZkobM1d8TExprPY4D2xlTM9TL3kz8z+tmJrz2J1ymmUHJFovCTBCTkNnvZMAVMiPGllCmuL2VsCFVlBmbUMmG4C2/vEpaF1WvVr28r1XqN3kcRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDahWO9A==</latexit>

hypothèse: écoulement laminaire

⇒ hors couche limite: Bernoulli

U� ) P+

<latexit sha1_base64="LZ4iOKf+dd2c/c1rdt1fyzaf4jw=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk0693Qw1EhK8TSpdU97dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd7KUpQ==</latexit>

U� ) P+

<latexit sha1_base64="LZ4iOKf+dd2c/c1rdt1fyzaf4jw=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk0693Qw1EhK8TSpdU97dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd7KUpQ==</latexit>

U+ ) P�

<latexit sha1_base64="wetyuJ2Z7t5GU/E8thkadgk3E4o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk4693Qw1EhK8TSpdc96dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd5KUpQ==</latexit>

U+ ) P�

<latexit sha1_base64="wetyuJ2Z7t5GU/E8thkadgk3E4o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk4693Qw1EhK8TSpdc96dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd5KUpQ==</latexit>

sens OK

couche limite, écoulement visqueux: P+ ! P�

<latexit sha1_base64="FrXIXAXxR/USaqvyNcPdte3pQvk=">AAAB8XicbVDLSsNAFL2pr1pfUZduBosgiCWRii5cFNy4jGAf2KZlMp20QyeTMDMRSuhfuHGhiFv/xp1/47TNQlsPDBzOuZe55wQJZ0o7zrdVWFldW98obpa2tnd29+z9g4aKU0loncQ8lq0AK8qZoHXNNKetRFIcBZw2g9Ht1G8+UalYLB70OKF+hAeChYxgbaRHr3vW0THyuuc9u+xUnBnQMnFzUoYcXs/+6vRjkkZUaMKxUm3XSbSfYakZ4XRS6qSKJpiM8IC2DRU4osrPZhdP0IlR+iiMpXlCo5n6eyPDkVLjKDCTEdZDtehNxf+8dqrDaz9jIkk1FWT+UZhyZEJO46M+k5RoPjYEE8nMrYgMscREm5JKpgR3MfIyaVxU3Grl8r5art3kdRThCI7hFFy4ghrcgQd1ICDgGV7hzVLWi/VufcxHC1a+cwh/YH3+ADUIj/M=</latexit>



2. Traînée de forme

2.1 Une couche limite à contre-sens

Re � 1

<latexit sha1_base64="uVK6BfQX6wgmYh0W2Flm349Rd+Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyivmA5Ah7m7nLkr29Y3dPCCE/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNQjYJLbBpuBHZShTQOBLaD0e3Mbz+h0jyRj2acoh/TSPKQM2qs1H7AXhQRr1+uuFV3DrJKvJxUIEejX/7qDRKWxSgNE1Trruemxp9QZTgTOC31Mo0pZSMaYddSSWPU/mR+7pScWWVAwkTZkobM1d8TExprPY4D2xlTM9TL3kz8z+tmJrz2J1ymmUHJFovCTBCTkNnvZMAVMiPGllCmuL2VsCFVlBmbUMmG4C2/vEpaF1WvVr28r1XqN3kcRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDahWO9A==</latexit>

hypothèse: écoulement laminaire

⇒ hors couche limite: Bernoulli

U� ) P+

<latexit sha1_base64="LZ4iOKf+dd2c/c1rdt1fyzaf4jw=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk0693Qw1EhK8TSpdU97dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd7KUpQ==</latexit>

U� ) P+

<latexit sha1_base64="LZ4iOKf+dd2c/c1rdt1fyzaf4jw=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk0693Qw1EhK8TSpdU97dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd7KUpQ==</latexit>

U+ ) P�

<latexit sha1_base64="wetyuJ2Z7t5GU/E8thkadgk3E4o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk4693Qw1EhK8TSpdc96dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd5KUpQ==</latexit>

U+ ) P�

<latexit sha1_base64="wetyuJ2Z7t5GU/E8thkadgk3E4o=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgiGVGKrpwUXDjsop9QDstmTTThmaSIckow9D+ihsXirj1Q9z5N6btLLT1wIXDOfdy7z1+xKjSjvNt5VZW19Y38puFre2d3T17/6ChRCwxqWPBhGz5SBFGOalrqhlpRZKg0Gek6Y9upn7zkUhFBX/QSUS8EA04DShG2kg9u1jvnk4693Qw1EhK8TSpdc96dskpOzPAZeJmpAQy1Hr2V6cvcBwSrjFDSrVdJ9JeiqSmmJFxoRMrEiE8QgPSNpSjkCgvnR0/hsdG6cNASFNcw5n6eyJFoVJJ6JvOEOmhWvSm4n9eO9bBlZdSHsWacDxfFMQMagGnScA+lQRrlhiCsKTmVoiHSCKsTV4FE4K7+PIyaZyX3Ur54q5Sql5nceTBITgCJ8AFl6AKbkEN1AEGCXgGr+DNmlgv1rv1MW/NWdlMEfyB9fkDd5KUpQ==</latexit>

couche limite, écoulement visqueux: P+ ! P�

<latexit sha1_base64="FrXIXAXxR/USaqvyNcPdte3pQvk=">AAAB8XicbVDLSsNAFL2pr1pfUZduBosgiCWRii5cFNy4jGAf2KZlMp20QyeTMDMRSuhfuHGhiFv/xp1/47TNQlsPDBzOuZe55wQJZ0o7zrdVWFldW98obpa2tnd29+z9g4aKU0loncQ8lq0AK8qZoHXNNKetRFIcBZw2g9Ht1G8+UalYLB70OKF+hAeChYxgbaRHr3vW0THyuuc9u+xUnBnQMnFzUoYcXs/+6vRjkkZUaMKxUm3XSbSfYakZ4XRS6qSKJpiM8IC2DRU4osrPZhdP0IlR+iiMpXlCo5n6eyPDkVLjKDCTEdZDtehNxf+8dqrDaz9jIkk1FWT+UZhyZEJO46M+k5RoPjYEE8nMrYgMscREm5JKpgR3MfIyaVxU3Grl8r5art3kdRThCI7hFFy4ghrcgQd1ICDgGV7hzVLWi/VufcxHC1a+cwh/YH3+ADUIj/M=</latexit>

sens OK contre sens ⇒ couche limite instable



2. Traînée de forme

U(x)

<latexit sha1_base64="LVapC4O5ELBQ1SbVJE/155qhSoc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEcwHJEfY2+wlS3b3jt09MRz5CzYWitj6h+z8N+4lV2jig4HHezPMzAtizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPbzO88UqVZJB/MNKa+wCPJQkawyaRW9el8UK64NXcOtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20/mtM3RmlSEKI2VLGjRXf0+kWGg9FYHtFNiM9bKXif95vcSE137KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfui5tVrl/f1SuMmj6MIJ3AKVfDgChpwB01oAYExPMMrvDnCeXHenY9Fa8HJZ47hD5zPH1MyjcI=</latexit>

x

<latexit sha1_base64="rsmFP7pe5qccscJtN/llY74+FVM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDnA4z+</latexit>

y

<latexit sha1_base64="PspRbNv+DQPdvvud2e8a9VCRPes=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1atVL5u1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP+iHjP8=</latexit>

ux = 0

<latexit sha1_base64="I1SsHEnIOuDdXfLPbR9+4IJFpbU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YNCwYvHCqYttKFstpt26WYTdidiKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4e3Ubz5ybUSiHnCU8iCmfSUiwShayc+6Tzdut1xxq+4MZJl4OalAjnq3/NXpJSyLuUImqTFtz00xGFONgkk+KXUyw1PKhrTP25YqGnMTjGfHTsiJVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAOPjAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBlbo5n</latexit>

ux %

<latexit sha1_base64="m6Q4QadQXWuplvzhoZKo7O9B1Tg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKogcPAS8eI5gHJEuYnfQmQ2ZnlnmoYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3RSln2vj+t1dYWV1b3yhulra2d3b3yvsHTS2totCgkkvVjogGzgQ0DDMc2qkCkkQcWtHoZuq3HkBpJsW9GacQJmQgWMwoMU7q2t4T7gogSsnHXrniV/0Z8DIJclJBOeq98le3L6lNQBjKidadwE9NmBFlGOUwKXWthpTQERlAx1FBEtBhNrt5gk+c0sexVK6EwTP190RGEq3HSeQ6E2KGetGbiv95HWviqzBjIrUGBJ0vii3HRuJpALjPFFDDx44Qqpi7FdMhUYQaF1PJhRAsvrxMmmfV4Lx6cXdeqV3ncRTRETpGpyhAl6iGblEdNRBFKXpGr+jNs96L9+59zFsLXj5ziP7A+/wBHS+Rug==</latexit>

2.1 Une couche limite à contre-sens



2. Traînée de forme

U(x)

<latexit sha1_base64="LVapC4O5ELBQ1SbVJE/155qhSoc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEcwHJEfY2+wlS3b3jt09MRz5CzYWitj6h+z8N+4lV2jig4HHezPMzAtizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPbzO88UqVZJB/MNKa+wCPJQkawyaRW9el8UK64NXcOtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20/mtM3RmlSEKI2VLGjRXf0+kWGg9FYHtFNiM9bKXif95vcSE137KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfui5tVrl/f1SuMmj6MIJ3AKVfDgChpwB01oAYExPMMrvDnCeXHenY9Fa8HJZ47hD5zPH1MyjcI=</latexit>

x

<latexit sha1_base64="rsmFP7pe5qccscJtN/llY74+FVM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDnA4z+</latexit>

y

<latexit sha1_base64="PspRbNv+DQPdvvud2e8a9VCRPes=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1atVL5u1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP+iHjP8=</latexit>

Incompressibilité

r.u = 0

<latexit sha1_base64="0+ueKquHZgQc804kiSgrfIFwQ50=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiRS0YVCwY3LCvYBTSiT6aQdOpmEeQgl9DfcuFDErT/jzr9x2mahrQcuHM65l3vviTLOlPa8b6e0tr6xuVXeruzs7u0fVA+P2io1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E47uZ33miUrFUPOpJRsMEDwWLGcHaSkEgcMSxa9At8vrVmud6c6BV4hekBgWa/epXMEiJSajQhGOler6X6TDHUjPC6bQSGEUzTMZ4SHuWCpxQFebzm6fozCoDFKfSltBorv6eyHGi1CSJbGeC9UgtezPxP69ndHwd5kxkRlNBFotiw5FO0SwANGCSEs0nlmAimb0VkRGWmGgbU8WG4C+/vEraF65fdy8f6rXGTRFHGU7gFM7BhytowD00oQUEMniGV3hzjPPivDsfi9aSU8wcwx84nz9tFZCe</latexit>

) @uy/@y = �@ux/@x

<latexit sha1_base64="xizNDfsuG1nNUJg1hq/pTrwaiYs=">AAACJ3icbVDLSgMxFM34rPU16tJNsAhurDNS0YVKwY3LKvYB7TBk0kwbmnmQZLTDUL/Gjb/iRlARXfonZtpBa+uBwMk5997kHidkVEjD+NRmZufmFxZzS/nlldW1dX1jsyaCiGNSxQELeMNBgjDqk6qkkpFGyAnyHEbqTu8i9eu3hAsa+DcyDonloY5PXYqRVJKtn7euaacrEefB3X0rRFxSxGBkxwc/lxiewf0xq/9r9W29YBSNIeA0MTNSABkqtv7Sagc48ogvMUNCNE0jlFaSzsOMDPKtSJAQ4R7qkKaiPvKIsJLhngO4q5Q2dAOuji/hUB3vSJAnROw5qtJDsismvVT8z2tG0j2xEuqHkSQ+Hj3kRgzKAKahwTblBEsWK4Iwp+qvEHcRR1iqaPMqBHNy5WlSOyyapeLRValQPs3iyIFtsAP2gAmOQRlcggqoAgwewBN4BW/ao/asvWsfo9IZLevZAn+gfX0Dkd2mUg==</latexit>

ux = 0

<latexit sha1_base64="I1SsHEnIOuDdXfLPbR9+4IJFpbU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YNCwYvHCqYttKFstpt26WYTdidiKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4e3Ubz5ybUSiHnCU8iCmfSUiwShayc+6Tzdut1xxq+4MZJl4OalAjnq3/NXpJSyLuUImqTFtz00xGFONgkk+KXUyw1PKhrTP25YqGnMTjGfHTsiJVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAOPjAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBlbo5n</latexit>

ux %

<latexit sha1_base64="m6Q4QadQXWuplvzhoZKo7O9B1Tg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKogcPAS8eI5gHJEuYnfQmQ2ZnlnmoYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3RSln2vj+t1dYWV1b3yhulra2d3b3yvsHTS2totCgkkvVjogGzgQ0DDMc2qkCkkQcWtHoZuq3HkBpJsW9GacQJmQgWMwoMU7q2t4T7gogSsnHXrniV/0Z8DIJclJBOeq98le3L6lNQBjKidadwE9NmBFlGOUwKXWthpTQERlAx1FBEtBhNrt5gk+c0sexVK6EwTP190RGEq3HSeQ6E2KGetGbiv95HWviqzBjIrUGBJ0vii3HRuJpALjPFFDDx44Qqpi7FdMhUYQaF1PJhRAsvrxMmmfV4Lx6cXdeqV3ncRTRETpGpyhAl6iGblEdNRBFKXpGr+jNs96L9+59zFsLXj5ziP7A+/wBHS+Rug==</latexit>

2.1 Une couche limite à contre-sens



2. Traînée de forme

U(x)

<latexit sha1_base64="LVapC4O5ELBQ1SbVJE/155qhSoc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEcwHJEfY2+wlS3b3jt09MRz5CzYWitj6h+z8N+4lV2jig4HHezPMzAtizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPbzO88UqVZJB/MNKa+wCPJQkawyaRW9el8UK64NXcOtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20/mtM3RmlSEKI2VLGjRXf0+kWGg9FYHtFNiM9bKXif95vcSE137KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfui5tVrl/f1SuMmj6MIJ3AKVfDgChpwB01oAYExPMMrvDnCeXHenY9Fa8HJZ47hD5zPH1MyjcI=</latexit>

x

<latexit sha1_base64="rsmFP7pe5qccscJtN/llY74+FVM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDnA4z+</latexit>

y

<latexit sha1_base64="PspRbNv+DQPdvvud2e8a9VCRPes=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1atVL5u1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP+iHjP8=</latexit>

Incompressibilité

r.u = 0

<latexit sha1_base64="0+ueKquHZgQc804kiSgrfIFwQ50=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiRS0YVCwY3LCvYBTSiT6aQdOpmEeQgl9DfcuFDErT/jzr9x2mahrQcuHM65l3vviTLOlPa8b6e0tr6xuVXeruzs7u0fVA+P2io1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E47uZ33miUrFUPOpJRsMEDwWLGcHaSkEgcMSxa9At8vrVmud6c6BV4hekBgWa/epXMEiJSajQhGOler6X6TDHUjPC6bQSGEUzTMZ4SHuWCpxQFebzm6fozCoDFKfSltBorv6eyHGi1CSJbGeC9UgtezPxP69ndHwd5kxkRlNBFotiw5FO0SwANGCSEs0nlmAimb0VkRGWmGgbU8WG4C+/vEraF65fdy8f6rXGTRFHGU7gFM7BhytowD00oQUEMniGV3hzjPPivDsfi9aSU8wcwx84nz9tFZCe</latexit>

) @uy/@y = �@ux/@x

<latexit sha1_base64="xizNDfsuG1nNUJg1hq/pTrwaiYs=">AAACJ3icbVDLSgMxFM34rPU16tJNsAhurDNS0YVKwY3LKvYB7TBk0kwbmnmQZLTDUL/Gjb/iRlARXfonZtpBa+uBwMk5997kHidkVEjD+NRmZufmFxZzS/nlldW1dX1jsyaCiGNSxQELeMNBgjDqk6qkkpFGyAnyHEbqTu8i9eu3hAsa+DcyDonloY5PXYqRVJKtn7euaacrEefB3X0rRFxSxGBkxwc/lxiewf0xq/9r9W29YBSNIeA0MTNSABkqtv7Sagc48ogvMUNCNE0jlFaSzsOMDPKtSJAQ4R7qkKaiPvKIsJLhngO4q5Q2dAOuji/hUB3vSJAnROw5qtJDsismvVT8z2tG0j2xEuqHkSQ+Hj3kRgzKAKahwTblBEsWK4Iwp+qvEHcRR1iqaPMqBHNy5WlSOyyapeLRValQPs3iyIFtsAP2gAmOQRlcggqoAgwewBN4BW/ao/asvWsfo9IZLevZAn+gfX0Dkd2mUg==</latexit>

ux % ) @ux/@x > 0 ) @uy/@y < 0

<latexit sha1_base64="ShFGkh53v3u8GlOm4hAqm9f83Yo="></latexit>

ux = 0

<latexit sha1_base64="I1SsHEnIOuDdXfLPbR9+4IJFpbU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YNCwYvHCqYttKFstpt26WYTdidiKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4e3Ubz5ybUSiHnCU8iCmfSUiwShayc+6Tzdut1xxq+4MZJl4OalAjnq3/NXpJSyLuUImqTFtz00xGFONgkk+KXUyw1PKhrTP25YqGnMTjGfHTsiJVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAOPjAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBlbo5n</latexit>

ux %

<latexit sha1_base64="m6Q4QadQXWuplvzhoZKo7O9B1Tg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKogcPAS8eI5gHJEuYnfQmQ2ZnlnmoYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3RSln2vj+t1dYWV1b3yhulra2d3b3yvsHTS2totCgkkvVjogGzgQ0DDMc2qkCkkQcWtHoZuq3HkBpJsW9GacQJmQgWMwoMU7q2t4T7gogSsnHXrniV/0Z8DIJclJBOeq98le3L6lNQBjKidadwE9NmBFlGOUwKXWthpTQERlAx1FBEtBhNrt5gk+c0sexVK6EwTP190RGEq3HSeQ6E2KGetGbiv95HWviqzBjIrUGBJ0vii3HRuJpALjPFFDDx44Qqpi7FdMhUYQaF1PJhRAsvrxMmmfV4Lx6cXdeqV3ncRTRETpGpyhAl6iGblEdNRBFKXpGr+jNs96L9+59zFsLXj5ziP7A+/wBHS+Rug==</latexit>

2.1 Une couche limite à contre-sens



2. Traînée de forme

U(x)

<latexit sha1_base64="LVapC4O5ELBQ1SbVJE/155qhSoc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEcwHJEfY2+wlS3b3jt09MRz5CzYWitj6h+z8N+4lV2jig4HHezPMzAtizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPbzO88UqVZJB/MNKa+wCPJQkawyaRW9el8UK64NXcOtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20/mtM3RmlSEKI2VLGjRXf0+kWGg9FYHtFNiM9bKXif95vcSE137KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfui5tVrl/f1SuMmj6MIJ3AKVfDgChpwB01oAYExPMMrvDnCeXHenY9Fa8HJZ47hD5zPH1MyjcI=</latexit>

x

<latexit sha1_base64="rsmFP7pe5qccscJtN/llY74+FVM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDnA4z+</latexit>

y

<latexit sha1_base64="PspRbNv+DQPdvvud2e8a9VCRPes=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1atVL5u1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP+iHjP8=</latexit>

Incompressibilité

r.u = 0

<latexit sha1_base64="0+ueKquHZgQc804kiSgrfIFwQ50=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiRS0YVCwY3LCvYBTSiT6aQdOpmEeQgl9DfcuFDErT/jzr9x2mahrQcuHM65l3vviTLOlPa8b6e0tr6xuVXeruzs7u0fVA+P2io1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E47uZ33miUrFUPOpJRsMEDwWLGcHaSkEgcMSxa9At8vrVmud6c6BV4hekBgWa/epXMEiJSajQhGOler6X6TDHUjPC6bQSGEUzTMZ4SHuWCpxQFebzm6fozCoDFKfSltBorv6eyHGi1CSJbGeC9UgtezPxP69ndHwd5kxkRlNBFotiw5FO0SwANGCSEs0nlmAimb0VkRGWmGgbU8WG4C+/vEraF65fdy8f6rXGTRFHGU7gFM7BhytowD00oQUEMniGV3hzjPPivDsfi9aSU8wcwx84nz9tFZCe</latexit>

) @uy/@y = �@ux/@x

<latexit sha1_base64="xizNDfsuG1nNUJg1hq/pTrwaiYs=">AAACJ3icbVDLSgMxFM34rPU16tJNsAhurDNS0YVKwY3LKvYB7TBk0kwbmnmQZLTDUL/Gjb/iRlARXfonZtpBa+uBwMk5997kHidkVEjD+NRmZufmFxZzS/nlldW1dX1jsyaCiGNSxQELeMNBgjDqk6qkkpFGyAnyHEbqTu8i9eu3hAsa+DcyDonloY5PXYqRVJKtn7euaacrEefB3X0rRFxSxGBkxwc/lxiewf0xq/9r9W29YBSNIeA0MTNSABkqtv7Sagc48ogvMUNCNE0jlFaSzsOMDPKtSJAQ4R7qkKaiPvKIsJLhngO4q5Q2dAOuji/hUB3vSJAnROw5qtJDsismvVT8z2tG0j2xEuqHkSQ+Hj3kRgzKAKahwTblBEsWK4Iwp+qvEHcRR1iqaPMqBHNy5WlSOyyapeLRValQPs3iyIFtsAP2gAmOQRlcggqoAgwewBN4BW/ao/asvWsfo9IZLevZAn+gfX0Dkd2mUg==</latexit>

ux % ) @ux/@x > 0 ) @uy/@y < 0

<latexit sha1_base64="ShFGkh53v3u8GlOm4hAqm9f83Yo="></latexit>

uy(y = 0) = 0

<latexit sha1_base64="AZeFIOK7dj/0i9xbHkSxYzng7ck=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiFT1YKHjxWMF+YBvKZrtpl242YXcjhNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MntzO88UalYJB50GlMvxCPBAkawNtJjMkgrad05rzsDu+xUnTnQKnFzUoYczYH91R9GJAmp0IRjpXquE2svw1Izwum01E8UjTGZ4BHtGSpwSJWXzS+eojOjDFEQSVNCo7n6eyLDoVJp6JvOEOuxWvZm4n9eL9HBtZcxESeaCrJYFCQc6QjN3kdDJinRPDUEE8nMrYiMscREm5BKJgR3+eVV0r6ourXq5X2t3LjJ4yjCCZxCBVy4ggbcQRNaQEDAM7zCm6WsF+vd+li0Fqx85hj+wPr8AQLRj9E=</latexit>

ux = 0

<latexit sha1_base64="I1SsHEnIOuDdXfLPbR9+4IJFpbU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YNCwYvHCqYttKFstpt26WYTdidiKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4e3Ubz5ybUSiHnCU8iCmfSUiwShayc+6Tzdut1xxq+4MZJl4OalAjnq3/NXpJSyLuUImqTFtz00xGFONgkk+KXUyw1PKhrTP25YqGnMTjGfHTsiJVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAOPjAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBlbo5n</latexit>

ux %

<latexit sha1_base64="m6Q4QadQXWuplvzhoZKo7O9B1Tg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKogcPAS8eI5gHJEuYnfQmQ2ZnlnmoYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3RSln2vj+t1dYWV1b3yhulra2d3b3yvsHTS2totCgkkvVjogGzgQ0DDMc2qkCkkQcWtHoZuq3HkBpJsW9GacQJmQgWMwoMU7q2t4T7gogSsnHXrniV/0Z8DIJclJBOeq98le3L6lNQBjKidadwE9NmBFlGOUwKXWthpTQERlAx1FBEtBhNrt5gk+c0sexVK6EwTP190RGEq3HSeQ6E2KGetGbiv95HWviqzBjIrUGBJ0vii3HRuJpALjPFFDDx44Qqpi7FdMhUYQaF1PJhRAsvrxMmmfV4Lx6cXdeqV3ncRTRETpGpyhAl6iGblEdNRBFKXpGr+jNs96L9+59zFsLXj5ziP7A+/wBHS+Rug==</latexit>

uy(y > 0) < 0

<latexit sha1_base64="coPBF3o/nd3xSSwHbLyAfNDsaGY=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiFT0UKXjxWMF+YBvKZrtpl242YXcjhNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MntzO88UalYJB50GlMvxCPBAkawNtJjMkgr6Y1zXncGdtmpOnOgVeLmpAw5mgP7qz+MSBJSoQnHSvVcJ9ZehqVmhNNpqZ8oGmMywSPaM1TgkCovm188RWdGGaIgkqaERnP190SGQ6XS0DedIdZjtezNxP+8XqKDay9jIk40FWSxKEg40hGavY+GTFKieWoIJpKZWxEZY4mJNiGVTAju8surpH1RdWvVy/tauVHP4yjCCZxCBVy4ggbcQRNaQEDAM7zCm6WsF+vd+li0Fqx85hj+wPr8AQLUj9E=</latexit>

2.1 Une couche limite à contre-sens



2. Traînée de forme

U(x)

<latexit sha1_base64="LVapC4O5ELBQ1SbVJE/155qhSoc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEcwHJEfY2+wlS3b3jt09MRz5CzYWitj6h+z8N+4lV2jig4HHezPMzAtizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPbzO88UqVZJB/MNKa+wCPJQkawyaRW9el8UK64NXcOtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20/mtM3RmlSEKI2VLGjRXf0+kWGg9FYHtFNiM9bKXif95vcSE137KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfui5tVrl/f1SuMmj6MIJ3AKVfDgChpwB01oAYExPMMrvDnCeXHenY9Fa8HJZ47hD5zPH1MyjcI=</latexit>

x

<latexit sha1_base64="rsmFP7pe5qccscJtN/llY74+FVM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDnA4z+</latexit>

y

<latexit sha1_base64="PspRbNv+DQPdvvud2e8a9VCRPes=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1atVL5u1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP+iHjP8=</latexit>

Incompressibilité

r.u = 0

<latexit sha1_base64="0+ueKquHZgQc804kiSgrfIFwQ50=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiRS0YVCwY3LCvYBTSiT6aQdOpmEeQgl9DfcuFDErT/jzr9x2mahrQcuHM65l3vviTLOlPa8b6e0tr6xuVXeruzs7u0fVA+P2io1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E47uZ33miUrFUPOpJRsMEDwWLGcHaSkEgcMSxa9At8vrVmud6c6BV4hekBgWa/epXMEiJSajQhGOler6X6TDHUjPC6bQSGEUzTMZ4SHuWCpxQFebzm6fozCoDFKfSltBorv6eyHGi1CSJbGeC9UgtezPxP69ndHwd5kxkRlNBFotiw5FO0SwANGCSEs0nlmAimb0VkRGWmGgbU8WG4C+/vEraF65fdy8f6rXGTRFHGU7gFM7BhytowD00oQUEMniGV3hzjPPivDsfi9aSU8wcwx84nz9tFZCe</latexit>

) @uy/@y = �@ux/@x

<latexit sha1_base64="xizNDfsuG1nNUJg1hq/pTrwaiYs=">AAACJ3icbVDLSgMxFM34rPU16tJNsAhurDNS0YVKwY3LKvYB7TBk0kwbmnmQZLTDUL/Gjb/iRlARXfonZtpBa+uBwMk5997kHidkVEjD+NRmZufmFxZzS/nlldW1dX1jsyaCiGNSxQELeMNBgjDqk6qkkpFGyAnyHEbqTu8i9eu3hAsa+DcyDonloY5PXYqRVJKtn7euaacrEefB3X0rRFxSxGBkxwc/lxiewf0xq/9r9W29YBSNIeA0MTNSABkqtv7Sagc48ogvMUNCNE0jlFaSzsOMDPKtSJAQ4R7qkKaiPvKIsJLhngO4q5Q2dAOuji/hUB3vSJAnROw5qtJDsismvVT8z2tG0j2xEuqHkSQ+Hj3kRgzKAKahwTblBEsWK4Iwp+qvEHcRR1iqaPMqBHNy5WlSOyyapeLRValQPs3iyIFtsAP2gAmOQRlcggqoAgwewBN4BW/ao/asvWsfo9IZLevZAn+gfX0Dkd2mUg==</latexit>

ux % ) @ux/@x > 0 ) @uy/@y < 0

<latexit sha1_base64="ShFGkh53v3u8GlOm4hAqm9f83Yo="></latexit>

uy(y = 0) = 0

<latexit sha1_base64="AZeFIOK7dj/0i9xbHkSxYzng7ck=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiFT1YKHjxWMF+YBvKZrtpl242YXcjhNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MntzO88UalYJB50GlMvxCPBAkawNtJjMkgrad05rzsDu+xUnTnQKnFzUoYczYH91R9GJAmp0IRjpXquE2svw1Izwum01E8UjTGZ4BHtGSpwSJWXzS+eojOjDFEQSVNCo7n6eyLDoVJp6JvOEOuxWvZm4n9eL9HBtZcxESeaCrJYFCQc6QjN3kdDJinRPDUEE8nMrYiMscREm5BKJgR3+eVV0r6ourXq5X2t3LjJ4yjCCZxCBVy4ggbcQRNaQEDAM7zCm6WsF+vd+li0Fqx85hj+wPr8AQLRj9E=</latexit>

ux = 0

<latexit sha1_base64="I1SsHEnIOuDdXfLPbR9+4IJFpbU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YNCwYvHCqYttKFstpt26WYTdidiKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4e3Ubz5ybUSiHnCU8iCmfSUiwShayc+6Tzdut1xxq+4MZJl4OalAjnq3/NXpJSyLuUImqTFtz00xGFONgkk+KXUyw1PKhrTP25YqGnMTjGfHTsiJVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAOPjAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBlbo5n</latexit>

ux %

<latexit sha1_base64="m6Q4QadQXWuplvzhoZKo7O9B1Tg=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKogcPAS8eI5gHJEuYnfQmQ2ZnlnmoYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3RSln2vj+t1dYWV1b3yhulra2d3b3yvsHTS2totCgkkvVjogGzgQ0DDMc2qkCkkQcWtHoZuq3HkBpJsW9GacQJmQgWMwoMU7q2t4T7gogSsnHXrniV/0Z8DIJclJBOeq98le3L6lNQBjKidadwE9NmBFlGOUwKXWthpTQERlAx1FBEtBhNrt5gk+c0sexVK6EwTP190RGEq3HSeQ6E2KGetGbiv95HWviqzBjIrUGBJ0vii3HRuJpALjPFFDDx44Qqpi7FdMhUYQaF1PJhRAsvrxMmmfV4Lx6cXdeqV3ncRTRETpGpyhAl6iGblEdNRBFKXpGr+jNs96L9+59zFsLXj5ziP7A+/wBHS+Rug==</latexit>

⇒ couche limite plaquée vers la paroi

uy(y > 0) < 0

<latexit sha1_base64="coPBF3o/nd3xSSwHbLyAfNDsaGY=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiFT0UKXjxWMF+YBvKZrtpl242YXcjhNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MntzO88UalYJB50GlMvxCPBAkawNtJjMkgr6Y1zXncGdtmpOnOgVeLmpAw5mgP7qz+MSBJSoQnHSvVcJ9ZehqVmhNNpqZ8oGmMywSPaM1TgkCovm188RWdGGaIgkqaERnP190SGQ6XS0DedIdZjtezNxP+8XqKDay9jIk40FWSxKEg40hGavY+GTFKieWoIJpKZWxEZY4mJNiGVTAju8surpH1RdWvVy/tauVHP4yjCCZxCBVy4ggbcQRNaQEDAM7zCm6WsF+vd+li0Fqx85hj+wPr8AQLUj9E=</latexit>

2.1 Une couche limite à contre-sens



uy(y > 0) > 0

<latexit sha1_base64="UxGaVfCK+j/ft0p9Idh3X1oJq7U=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiFT1IKXjxWMF+YBvKZrtpl242YXcjhNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MntzO88UalYJB50GlMvxCPBAkawNtJjMkgrad05rzsDu+xUnTnQKnFzUoYczYH91R9GJAmp0IRjpXquE2svw1Izwum01E8UjTGZ4BHtGSpwSJWXzS+eojOjDFEQSVNCo7n6eyLDoVJp6JvOEOuxWvZm4n9eL9HBtZcxESeaCrJYFCQc6QjN3kdDJinRPDUEE8nMrYiMscREm5BKJgR3+eVV0r6ourXq5X2t3LjJ4yjCCZxCBVy4ggbcQRNaQEDAM7zCm6WsF+vd+li0Fqx85hj+wPr8AQXej9M=</latexit>

ux & ) @ux/@x < 0 ) @uy/@y > 0

<latexit sha1_base64="dhqkl2rtro/t2ZjVUVuY+KCDzvI="></latexit>

2. Traînée de forme

Incompressibilité

r.u = 0

<latexit sha1_base64="0+ueKquHZgQc804kiSgrfIFwQ50=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiRS0YVCwY3LCvYBTSiT6aQdOpmEeQgl9DfcuFDErT/jzr9x2mahrQcuHM65l3vviTLOlPa8b6e0tr6xuVXeruzs7u0fVA+P2io1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E47uZ33miUrFUPOpJRsMEDwWLGcHaSkEgcMSxa9At8vrVmud6c6BV4hekBgWa/epXMEiJSajQhGOler6X6TDHUjPC6bQSGEUzTMZ4SHuWCpxQFebzm6fozCoDFKfSltBorv6eyHGi1CSJbGeC9UgtezPxP69ndHwd5kxkRlNBFotiw5FO0SwANGCSEs0nlmAimb0VkRGWmGgbU8WG4C+/vEraF65fdy8f6rXGTRFHGU7gFM7BhytowD00oQUEMniGV3hzjPPivDsfi9aSU8wcwx84nz9tFZCe</latexit>

) @uy/@y = �@ux/@x

<latexit sha1_base64="xizNDfsuG1nNUJg1hq/pTrwaiYs=">AAACJ3icbVDLSgMxFM34rPU16tJNsAhurDNS0YVKwY3LKvYB7TBk0kwbmnmQZLTDUL/Gjb/iRlARXfonZtpBa+uBwMk5997kHidkVEjD+NRmZufmFxZzS/nlldW1dX1jsyaCiGNSxQELeMNBgjDqk6qkkpFGyAnyHEbqTu8i9eu3hAsa+DcyDonloY5PXYqRVJKtn7euaacrEefB3X0rRFxSxGBkxwc/lxiewf0xq/9r9W29YBSNIeA0MTNSABkqtv7Sagc48ogvMUNCNE0jlFaSzsOMDPKtSJAQ4R7qkKaiPvKIsJLhngO4q5Q2dAOuji/hUB3vSJAnROw5qtJDsismvVT8z2tG0j2xEuqHkSQ+Hj3kRgzKAKahwTblBEsWK4Iwp+qvEHcRR1iqaPMqBHNy5WlSOyyapeLRValQPs3iyIFtsAP2gAmOQRlcggqoAgwewBN4BW/ao/asvWsfo9IZLevZAn+gfX0Dkd2mUg==</latexit>

uy(y = 0) = 0

<latexit sha1_base64="AZeFIOK7dj/0i9xbHkSxYzng7ck=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiFT1YKHjxWMF+YBvKZrtpl242YXcjhNB/4cWDIl79N978N27bHLT1wcDjvRlm5vkxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MntzO88UalYJB50GlMvxCPBAkawNtJjMkgrad05rzsDu+xUnTnQKnFzUoYczYH91R9GJAmp0IRjpXquE2svw1Izwum01E8UjTGZ4BHtGSpwSJWXzS+eojOjDFEQSVNCo7n6eyLDoVJp6JvOEOuxWvZm4n9eL9HBtZcxESeaCrJYFCQc6QjN3kdDJinRPDUEE8nMrYiMscREm5BKJgR3+eVV0r6ourXq5X2t3LjJ4yjCCZxCBVy4ggbcQRNaQEDAM7zCm6WsF+vd+li0Fqx85hj+wPr8AQLRj9E=</latexit>

ux = 0

<latexit sha1_base64="I1SsHEnIOuDdXfLPbR9+4IJFpbU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YNCwYvHCqYttKFstpt26WYTdidiKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4e3Ubz5ybUSiHnCU8iCmfSUiwShayc+6Tzdut1xxq+4MZJl4OalAjnq3/NXpJSyLuUImqTFtz00xGFONgkk+KXUyw1PKhrTP25YqGnMTjGfHTsiJVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo2zqndevbg/r9Su8ziKcATHcAoeXEIN7qAOPjAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBlbo5n</latexit>

⇒ couche limite tend à s’épaissir

ux &

<latexit sha1_base64="bDDyOlTolgyFvjGPvYwN3GcGLqY=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKogcPAS8eI5gHJEuYnfQmQ2ZnlnmoYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3RSln2vj+t1dYWV1b3yhulra2d3b3yvsHTS2totCgkkvVjogGzgQ0DDMc2qkCkkQcWtHoZuq3HkBpJsW9GacQJmQgWMwoMU7q2t4T7mogSsnHXrniV/0Z8DIJclJBOeq98le3L6lNQBjKidadwE9NmBFlGOUwKXWthpTQERlAx1FBEtBhNrt5gk+c0sexVK6EwTP190RGEq3HSeQ6E2KGetGbiv95HWviqzBjIrUGBJ0vii3HRuJpALjPFFDDx44Qqpi7FdMhUYQaF1PJhRAsvrxMmmfV4Lx6cXdeqV3ncRTRETpGpyhAl6iGblEdNRBFKXpGr+jNs96L9+59zFsLXj5ziP7A+/wBJOGRvw==</latexit>

U(x)

<latexit sha1_base64="LVapC4O5ELBQ1SbVJE/155qhSoc=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEcwHJEfY2+wlS3b3jt09MRz5CzYWitj6h+z8N+4lV2jig4HHezPMzAtizrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShShLRLxSHUDrClnkrYMM5x2Y0WxCDjtBJPbzO88UqVZJB/MNKa+wCPJQkawyaRW9el8UK64NXcOtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20/mtM3RmlSEKI2VLGjRXf0+kWGg9FYHtFNiM9bKXif95vcSE137KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfui5tVrl/f1SuMmj6MIJ3AKVfDgChpwB01oAYExPMMrvDnCeXHenY9Fa8HJZ47hD5zPH1MyjcI=</latexit>

x

<latexit sha1_base64="rsmFP7pe5qccscJtN/llY74+FVM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDnA4z+</latexit>

y

<latexit sha1_base64="PspRbNv+DQPdvvud2e8a9VCRPes=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSs1Jv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1atVL5u1Sv0mj6MIJ3AK5+DBFdThDhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP+iHjP8=</latexit>

2.1 Une couche limite à contre-sens



Ecoulement potentiel autour d’un cylindre
Lignes de courant et champ de pression

Grad. p
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Grad. p
défavorable



Pas de gradient de pression

Gradient de pression favorable

P+ P-

Gradient de pression défavorable

P- P+

Couche limite



Décollement des couches limites et traînée de forme
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I have not the smallest molecule of faith in aerial navigation 
other than ballooning or of expectation of good results from 
any of the trials we hear of. 
Lord Kelvin
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Profil NACA 6, http://airfoiltools.com

Fp = Cp
1

2
⇢U2`L

<latexit sha1_base64="mUZkG3ABSf0ZfAZq+3CxsstbMMA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCSloIJCoSAuXFSwD2himEwn7dBJJsxMhBLyB278FTcuFHHr1p1/47TNQlsPXDiccy/33uPHjEplWd/GwuLS8spqYa24vrG5tW3u7LYkTwQmTcwZFx0fScJoRJqKKkY6sSAo9Blp+8P62G8/ECEpj+7UKCZuiPoRDShGSkueeXTlxZew7sXOiRMIhFM7SysZhI4YcNi8r0CHMAZvPLNkla0J4Dyxc1ICORqe+eX0OE5CEinMkJRd24qVmyKhKGYkKzqJJDHCQ9QnXU0jFBLpppN/MniolR4MuNAVKThRf0+kKJRyFPq6M0RqIGe9sfif101UcOamNIoTRSI8XRQkDCoOx+HAHhUEKzbSBGFB9a0QD5CORekIizoEe/bledKqlO1q+fy2Wqpd5HEUwD44AMfABqegBq5BAzQBBo/gGbyCN+PJeDHejY9p64KRz+yBPzA+fwC8G5qT</latexit>

T = Cx
1

2
⇢U2`L

<latexit sha1_base64="wIht9+vw8M5lZ9QTrnEutMjywKk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlIKKigUunHhokLTFpoYJtNJO3QyCTMTsYSs3fgrblwo4tYvcOffOH0stPXAhcM593LvPUHCqFSW9W0sLa+srq0XNoqbW9s7u+befkvGqcDEwTGLRSdAkjDKiaOoYqSTCIKigJF2MKyP/fY9EZLGvKlGCfEi1Oc0pBgpLfnmURNewbr/4IYC4czOs0ruikEMnbsKdAlj8MY3S1bZmgAuEntGSmCGhm9+ub0YpxHhCjMkZde2EuVlSCiKGcmLbipJgvAQ9UlXU44iIr1s8koOT7TSg2EsdHEFJ+rviQxFUo6iQHdGSA3kvDcW//O6qQrPvYzyJFWE4+miMGVQxXCcC+xRQbBiI00QFlTfCvEA6VCUTq+oQ7DnX14krUrZrpYvbqul2uUsjgI4BMfgFNjgDNTANWgAB2DwCJ7BK3gznowX4934mLYuGbOZA/AHxucPsX+ZAA==</latexit>

� =
1

2
CpU`

<latexit sha1_base64="csqcm2SKPNmecpOaBQ9XGI6cN90=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5KUggoKhR70WMG0hSaEzXbTLt1Nwu5GKCE3L/4VLx4U8epf8Oa/cdvmoK0PBh7vzTAzL0gYlcqyvo3Syura+kZ5s7K1vbO7Z+4fdGScCkwcHLNY9AIkCaMRcRRVjPQSQRAPGOkG49bU7z4QIWkc3atJQjyOhhENKUZKS7557N4gzhG8dkOBcGbnWT2HLT+BDnQJY75ZtWrWDHCZ2AWpggJt3/xyBzFOOYkUZkjKvm0lysuQUBQzklfcVJIE4TEakr6mEeJEetnsjxyeamUAw1joihScqb8nMsSlnPBAd3KkRnLRm4r/ef1UhRdeRqMkVSTC80VhyqCK4TQUOKCCYMUmmiAsqL4V4hHSgSgdXUWHYC++vEw69ZrdqF3eNarNqyKOMjgCJ+AM2OAcNMEtaAMHYPAInsEreDOejBfj3fiYt5aMYuYQ/IHx+QMIsJgk</latexit>

incidences modérées



Planeur

wired.com
angle de chute le plus favorable ?

� ?

<latexit sha1_base64="azMTWQvdJ+89VbFVH1Gy+/rsTAA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUEGw4MVjBfsBbSib7aZdutmE3YlQQv0PXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrdTv/XItRGxesBxwv2IDpQIBaNopVY34Eifbnrlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/Nzp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLIheIsvL5PmWdU7r17dn1dq13kcRTiCYzgFDy6gBndQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyB8/kDMsKPew==</latexit>



Comment faire voler une planche à voile
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Champ de pression autour d’un profil d’aile



Tourbillons marginaux





Tourbillons marginaux




