
Trainée à haut Re



Traînée de forme

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



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>

Traînée de forme

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>

Traînée de forme

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

Traînée de forme

Une couche limite à contre-sens



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

Grad. p
favorable

Grad. p
défavorable



Décollement des couches limites et traînée de forme
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Incidence nulle 10° d’incidence



Ecoulement potentiel

Ecoulement réel



Traînée de forme

 Au-delà du décrochement de la couche limite ?

Re ≫ 1 + laminaire

turbulent



Bernoulli p = p1 +
1

2
⇢
�
U2
1 � U2(x)

�

<latexit sha1_base64="ako8ElKhGdQu11c1x+JpsbOKXfY="></latexit>

Re ≫ 1 + laminaire

turbulent

p ⇠ cte . p1

<latexit sha1_base64="VJTUS6hkcMIICc6xz49DT/k+CIE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSqejCRcGNywr2Ak0Ik+lJO3QyCTMToZSCG1/FjQtF3PoS7nwbJ20W2vrDwMd/zuHM+cOUM6Ud59sqrayurW+UNytb2zu7e/b+QVslmaTQoglPZDckCjgT0NJMc+imEkgccuiEo5u83nkAqVgi7vU4BT8mA8EiRok2VmAfpZ5iMaYaPA5K5ZwGHhORHgd21ak5M+FlcAuookLNwP7y+gnNYhCacqJUz3VS7U+I1IxymFa8TEFK6IgMoGdQkBiUP5ndMMWnxunjKJHmCY1n7u+JCYmVGseh6YyJHqrFWm7+V+tlOrryJ0ykmQZB54uijGOd4DwQ3GcSqOZjA4RKZv6K6ZBIYiKRqmJCcBdPXob2ec2t1y7u6tXGdRFHGR2jE3SGXHSJGugWNVELUfSIntErerOerBfr3fqYt5asYuYQ/ZH1+QNSiJfz</latexit>

Traînée de forme

 Au-delà du décrochement de la couche limite ?



T

<latexit sha1_base64="bd9LpqOQZb7pxNqCW3txHUXniz4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYygXxBcoS9zVyyZm/v2N0TQsgvsLFQxNafZOe/cZNcoYkPBh7vzTAzL0gE18Z1v53cxubW9k5+t7C3f3B4VDw+aek4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfD/320+oNI9lw0wS9CM6lDzkjBor1Rv9YsktuwuQdeJlpAQZav3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCW3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVV9irl63qlVL3L4sjDGZzDJXhwA1V4gBo0gQHCM7zCm/PovDjvzseyNedkM6fwB87nD7BzjNo=</latexit>

T =
1

2
⇢U2CxS

<latexit sha1_base64="3fBXniaDNW6fyP3R80xkGAmfg2U=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkmp6EKh0I3Lik1baGKYTCft0MkkzEzEErJx46+4caGIW//BnX/j9LHQ1gMXDufcy733BAmjUlnWt7G0vLK6tl7YKG5ube/smnv7LRmnAhMHxywWnQBJwignjqKKkU4iCIoCRtrBsD722/dESBrzpholxItQn9OQYqS05JtHzSvohgLhzM6zSu6KQQyduwqs+w/w1jdLVtmaAC4Se0ZKYIaGb365vRinEeEKMyRl17YS5WVIKIoZyYtuKkmC8BD1SVdTjiIivWzyRQ5PtNKDYSx0cQUn6u+JDEVSjqJAd0ZIDeS8Nxb/87qpCi+8jPIkVYTj6aIwZVDFcBwJ7FFBsGIjTRAWVN8K8QDpTJQOrqhDsOdfXiStStmuls9uqqXa5SyOAjgEx+AU2OAc1MA1aAAHYPAInsEreDOejBfj3fiYti4Zs5kD8AfG5w82GJcY</latexit>

Traînée de forme

coefficient de traînéeCx, Cd

<latexit sha1_base64="z3vEspwyg1ECvYQ9MVlfnYMph4E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBQymJVPTgodCLxwr2A9sQNptNu3SzCbsbsYT+Cy8eFPHqv/Hmv3Hb5qCtDwYe780wM89POFPatr+twtr6xuZWcbu0s7u3f1A+POqoOJWEtknMY9nzsaKcCdrWTHPaSyTFkc9p1x83Z373kUrFYnGvJwl1IzwULGQEayM9NL2n6qDa9ALklSt2zZ4DrRInJxXI0fLKX4MgJmlEhSYcK9V37ES7GZaaEU6npUGqaILJGA9p31CBI6rcbH7xFJ0ZJUBhLE0Jjebq74kMR0pNIt90RliP1LI3E//z+qkOr92MiSTVVJDFojDlSMdo9j4KmKRE84khmEhmbkVkhCUm2oRUMiE4yy+vks5FzanXLu/qlcZNHkcRTuAUzsGBK2jALbSgDQQEPMMrvFnKerHerY9Fa8HKZ47hD6zPHwWjj9Q=</latexit>

S

<latexit sha1_base64="yENY3ainT3vAHyiY5yFlhSf3bQg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kooVFwMYyQfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCu74zZ</latexit>

usuellement section frontale (aviation surface des ailes)

Traînée de forme

 Au-delà du décrochement de la couche limite ?



Traînée de forme

Quelques exemples

Cx ⇠ 0.23

<latexit sha1_base64="LdfQsznsfHq71b3e4ZbYxX9y27s=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCsjrsY0cIikMYygvmA3BH2NnvJkt29Y3dPDCF/w8ZCEVv/jJ3/xk1yhSY+GHi8N8PMvCjlTBvP+3bW1jc2t7YLO8Xdvf2Dw9LRcUsnmSK0SRKeqE6ENeVM0qZhhtNOqigWEaftaFSf+e1HqjRL5IMZpzQUeCBZzAg2VgrqvadAM4E8t3LZK5U915sDrRI/J2XI0eiVvoJ+QjJBpSEca931vdSEE6wMI5xOi0GmaYrJCA9o11KJBdXhZH7zFJ1bpY/iRNmSBs3V3xMTLLQei8h2CmyGetmbif953czEN+GEyTQzVJLFojjjyCRoFgDqM0WJ4WNLMFHM3orIECtMjI2paEPwl19eJa2K61fdq/tquXabx1GAUziDC/DhGmpwBw1oAoEUnuEV3pzMeXHenY9F65qTz5zAHzifP2BXkJY=</latexit>

Cx ⇠ 0.48

<latexit sha1_base64="NYnygKx9zT9/r9QwCtVpi+KNWJ0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgddxJxBQWgTSWEcwH5I6wt9lLluzuHbt7Ygj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5kUpZ9p43rdT2Njc2t4p7pb29g8Oj8rHJ22dZIrQFkl4oroR1pQzSVuGGU67qaJYRJx2onFj7nceqdIskQ9mktJQ4KFkMSPYWClo9J8CzQTy3GqtX654rrcAWid+TiqQo9kvfwWDhGSCSkM41rrne6kJp1gZRjidlYJM0xSTMR7SnqUSC6rD6eLmGbqwygDFibIlDVqovyemWGg9EZHtFNiM9Ko3F//zepmJa+GUyTQzVJLlojjjyCRoHgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwV19eJ+0r16+61/fVSv02j6MIZ3AOl+DDDdThDprQAgIpPMMrvDmZ8+K8Ox/L1oKTz5zCHzifP2r1kJ0=</latexit>

Cx ⇠ 0.58

<latexit sha1_base64="UvdHiyXa6yfkezvb34e/u3tlK20=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgddyJwRQWgTSWEcwH5I6wt9lLluzuHbt7Ygj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5kUpZ9p43rdT2Njc2t4p7pb29g8Oj8rHJ22dZIrQFkl4oroR1pQzSVuGGU67qaJYRJx2onFj7nceqdIskQ9mktJQ4KFkMSPYWClo9J8CzQTy3GqtX654rrcAWid+TiqQo9kvfwWDhGSCSkM41rrne6kJp1gZRjidlYJM0xSTMR7SnqUSC6rD6eLmGbqwygDFibIlDVqovyemWGg9EZHtFNiM9Ko3F//zepmJa+GUyTQzVJLlojjjyCRoHgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwV19eJ+0r1792q/fXlfptHkcRzuAcLsGHG6jDHTShBQRSeIZXeHMy58V5dz6WrQUnnzmFP3A+fwBsepCe</latexit>

Cx ⇠ 0.1

<latexit sha1_base64="HEk8gS+TBPN1ydA0fTg18Zkr+9I=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0ikogcPhV48VrAfkIay2W7apbubsDsRS/BnePGgiFd/jTf/jds2B219MPB4b4aZeVEquAHP+3ZKa+sbm1vl7crO7t7+QfXwqGOSTFPWpolIdC8ihgmuWBs4CNZLNSMyEqwbTZozv/vAtOGJuodpykJJRorHnBKwUtAcPPYNl9hz/UG15rneHHiV+AWpoQKtQfWrP0xoJpkCKogxge+lEOZEA6eCPVX6mWEpoRMyYoGlikhmwnx+8hM+s8oQx4m2pQDP1d8TOZHGTGVkOyWBsVn2ZuJ/XpBBfB3mXKUZMEUXi+JMYEjw7H885JpREFNLCNXc3orpmGhCwaZUsSH4yy+vks6F69fdy7t6rXFTxFFGJ+gUnSMfXaEGukUt1EYUJegZvaI3B5wX5935WLSWnGLmGP2B8/kD6RGQWA==</latexit>





Contrôle du décollement



Portance



a b

Le but de Roberto Carlos



�p =
1

2
⇢[(U + !R)2 � (U � !R)2]

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�p = 2⇢U!R
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</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>

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

Fp
<latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit>

U � !R
<latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit>

U + !R
<latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit>

!R ⇠ 10m/s
<latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit><latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit><latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit><latexit sha1_base64="/xfLARrL+NSDxXq2Gzrch3OZtRU="></latexit>!

<latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit>

U ⇠ 40m/s
<latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit><latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit><latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit><latexit sha1_base64="xMVw22UM6uat+6q6ORYHfhJoAc0="></latexit>

Fp ⇠ �p⇡R2 = 2⇡ ⇢U !R3
<latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit><latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit><latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit><latexit sha1_base64="3CyLuuTXm5SwAYkNoLJgNoepyDY="></latexit>

A.N. :Fp ' 6.1.40.100.10�3 ' 24N
<latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit><latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit><latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit><latexit sha1_base64="uwuJxQUByA91xYlOMMm9KMK6FfA="></latexit>

Le but de Roberto Carlos : force latérale sur le ballon



F = −ρU ∧

∫
S

v ∧ ndS



+

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>

Formule générale de Joukovski qui lie la portance à la circulation



Rotorship Flettner ca 1930 Turbovoile Malavard-Cousteau

E Ship1 2010



Un avion à ailes tournantes ?

U � !R
<latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit><latexit sha1_base64="ryMCyVBM0rCLNSIujgRB1e2L29A="></latexit>

U + !R
<latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit><latexit sha1_base64="uZOwiH8jDPFdlIMJe39tcYIuuCI="></latexit>

U ⇠ 200 km/h
<latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit><latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit><latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit><latexit sha1_base64="Lxa3z30wbow1c25qFN8CcavfuTw="></latexit>

!
<latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit><latexit sha1_base64="1khB/emEISitTHrEeaw6meHiFwE="></latexit>

!R
<latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit><latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit><latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit><latexit sha1_base64="R8Wv855AYYlPc06dl131Xs4g8to="></latexit>

Fp ⇠ ⇢U�W
<latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit><latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit><latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit><latexit sha1_base64="UINHVfHXMwzVX/92Ld6hUJuiJxQ="></latexit>

Fp ⇠ ⇢U(2⇡R2!)W = Mg
<latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit><latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit><latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit><latexit sha1_base64="aWH3FimqwWrRF6eMeAVW+8E61n0="></latexit>

et � = 2⇡R(R!)
<latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit><latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit><latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit><latexit sha1_base64="vSl9uruPHFDJrpJ9izbTpGgINoM="></latexit>

! ⇠ Mg

2⇡⇢R2UW
<latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit><latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit><latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit><latexit sha1_base64="v8IOKT90rvUprir8WJniIU6phbA="></latexit>

! ' 40 rad/s ' 6, 5 tours/s
<latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit><latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit><latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit><latexit sha1_base64="4d9gRMwf9k6/VfAoKGT//UJIqBU="></latexit>

M ' 500kg, U ' 50m/s,W = 4m,R = 0.3m
<latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit><latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit><latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit><latexit sha1_base64="uzTxnUXiVEBTvm1g82+d3vZ3JHg="></latexit>

Fp
<latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit><latexit sha1_base64="rLQV8m63NeGNRE8BxuHuxcMLU84="></latexit>
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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


