
Régime visqueux (          )

h

<latexit sha1_base64="o0Em+1LrPCqDYpYwPOqewD9gKuI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0JGM9A==</latexit>

u(r)

<latexit sha1_base64="BGePJH3VPoKtE5qjPuFe3HzR/kk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpKSqLofliltzF0DrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjjp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ10rmpevdZ4qFeat3kcRTiDc6iCB9fQhHtoQRsITOAZXuHNEc6L8+58LFsLTj5zCn/gfP4AfMKN4g==</latexit>

r

<latexit sha1_base64="PaNED8bQbwX/j7m/AtpiNFqtHBI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuqXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH37mM/g==</latexit>

R

<latexit sha1_base64="ecQlZ9tOaOZv+X+GAOayOVoQEaY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK85jN4=</latexit>

Patm

<latexit sha1_base64="PuMvlKUFdXhf8G4Vwp7pIhIUJf0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOJsmQmdllplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx3cxvPXFjRawfcZLwUNGhFgPBKDqpVe9lFNW0V674VX8OskqCnFQgR71X/ur2Y5YqrpFJam0n8BMMM2pQMMmnpW5qeULZmA55x1FNFbdhNj93Ss6c0ieD2LjSSObq74mMKmsnKnKdiuLILnsz8T+vk+LgJsyETlLkmi0WDVJJMCaz30lfGM5QThyhzAh3K2EjaihDl1DJhRAsv7xKmhfV4LJ69XBZqd3mcRThBE7hHAK4hhrcQx0awGAMz/AKb17ivXjv3seiteDlM8fwB97nD4H1j7E=</latexit>

r0

<latexit sha1_base64="ADwFcOIfYh27qluKcQp/ZaixnIg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwADoI2h</latexit>

2. Clap

q

<latexit sha1_base64="ox2J9wU5/a5grioONlZ5bjLmtd4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN41jP0=</latexit>

� � h

<latexit sha1_base64="JONKKF3HE2sRyhLn/tQzm+tLI9g=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyg5gJIMFwiEeDesNtunPgVeKVpIFKtAf1ryBWNE+ZBCqIMb7nZhAWRAOngk1rQW5YRuiYDJlvqSQpM2ExP3mKz6wS40RpWxLwXP09UZDUmEka2c6UwMgsezPxP8/PIbkJCy6zHJiki0VJLjAoPPsfx1wzCmJiCaGa21sxHRFNKNiUajYEb/nlVdK9aHqXzauHy0brtoyjik7QKTpHHrpGLXSP2qiDKFLoGb2iNwecF+fd+Vi0Vpxy5hj9gfP5A+5kkQg=</latexit>

écoulement de la forme:
<latexit sha1_base64="G8v0/YwhOJanZRekMtafE8Tk86Q=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAiSNgVUfEU8OIxgnlAsoTZySQZMju7zvQKcclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbEUBl3321laXlldW89t5De3tnd2C3v7dRMlmvEai2SkmwE1XArFayhQ8masOQ0DyRvB8GbiNx65NiJS9ziKuR/SvhI9wShaqZl0dEmfPp10CkW37E5BFomXkSJkqHYKX+1uxJKQK2SSGtPy3Bj9lGoUTPJxvp0YHlM2pH3eslTRkBs/nd47JsdW6ZJepG0pJFP190RKQ2NGYWA7Q4oDM+9NxP+8VoK9Kz8VKk6QKzZb1EskwYhMniddoTlDObKEMi3srYQNqKYMbUR5G4I3//IiqZ+VvYuyd3derFxnceTgEI6gBB5cQgVuoQo1YCDhGV7hzXlwXpx352PWuuRkMwfwB87nD05Fj3c=</latexit>

ur(r, z)

Reste à résoudre la loi de Stokes (gravité négligée)

La conservation du débit nous incite à chercher
une solution de la forme:

<latexit sha1_base64="J6emvRb+yz4Z6YAr8vaeEnv5Zzg=">AAACBXicbVDJSgNBEK2JW4zbqEc9NAYhAQkzIiqCEPDiMYJZIBmGnk5P0qRnobtHSIa5ePFXvHhQxKv/4M2/sbMcNPFBweO9KqrqeTFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29howSQWidRDwSLQ9LyllI64opTluxoDjwOG16g5ux33ygQrIovFfDmDoB7oXMZwQrLbnmYeKKkjgZldE16vgCk1S4VpaKzC+Nyq5ZtCrWBGiR2DNShBlqrvnV6UYkCWioCMdStm0rVk6KhWKE06zQSSSNMRngHm1rGuKASiedfJGhY610kR8JXaFCE/X3RIoDKYeBpzsDrPpy3huL/3ntRPmXTsrCOFE0JNNFfsKRitA4EtRlghLFh5pgIpi+FZE+1lkoHVxBh2DPv7xIGqcV+7xi350Vq1ezOPJwAEdQAhsuoAq3UIM6EHiEZ3iFN+PJeDHejY9pa86YzezDHxifP8tvl3k=</latexit>

ur(r, z) =
r0
r
f(z)

Une telle solution vérifie bien:
<latexit sha1_base64="Qz1nYq2iI4cL6LL5Wd0zcSgAsbA=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxCBSlJERWhUHDjsoK9QBPDZDpph04mcWYitKFP48ZXceOiIuLOR3HaBtTWAwM//3cOZ87vx4xKZVmfxtLyyuraem4jv7m1vbNr7u03ZJQITOo4YpFo+UgSRjmpK6oYacWCoNBnpOn3rye8+UiEpBG/U4OYuCHqchpQjJS2PLNSdmIKBXQoV55134OJJ5zTzhBW4Ix41g8LisOTDGJFYOXBMwtWyZoWXBR2Jgogq5pnjp1OhJOQcIUZkrJtW7FyUyQUxYyM8k4iSYxwH3VJW0uOQiLddHrmCB5rpwODSOjHFZy6vydSFEo5CH3dGSLVk/NsYv7H2okKLt2U8jhRhOPZoiBhUEVwkhnsUEGwYgMtEBZU/xXiHhJIhyBkXodgz5+8KBrlkn1esm/PCtWrLI4cOARHoAhscAGq4AbUQB1g8ARewBi8Gc/Gq/FufMxal4xs5gD8KePrG9ykoks=</latexit>

2⇡r

Z h

0
ur dz = 2⇡r0

Z h

0
f(z) dz = cte = q

composante sur <latexit sha1_base64="nOm4XWu72E5SDTCXbnkRzNTd8Dg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQiKq4KblxWsA9oQplMb9qhk0mYmQgl9DfcuFDErT/jzr9x2mahrQcGDufcyz1zwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHdzO/84RK80Q+mkmKQUyHkkecUWMl34+pGYVRjtO+6ldrbt2dg6wSryA1KNDsV7/8QcKyGKVhgmrd89zUBDlVhjOB04qfaUwpG9Mh9iyVNEYd5PPMU3JmlQGJEmWfNGSu/t7Iaaz1JA7t5CyjXvZm4n9eLzPRTZBzmWYGJVscijJBTEJmBZABV8iMmFhCmeI2K2EjqigztqaKLcFb/vIqaV/Uvau693BZa9wWdZThBE7hHDy4hgbcQxNawCCFZ3iFNydzXpx352MxWnKKnWP4A+fzB29vkew=</latexit>er

<latexit sha1_base64="2M+Gs4DUVG+vY+6VoHg6zhKhNhg="></latexit>
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<latexit sha1_base64="nQY9omuSAf1k4Y8yog/EXP6YZaQ="></latexit>

�ur =
1

r

@
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✓
r
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◆
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@✓2
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On regarde le formulaire (coordonnées cylindriques):



Régime visqueux (          )

h

<latexit sha1_base64="o0Em+1LrPCqDYpYwPOqewD9gKuI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0JGM9A==</latexit>

u(r)

<latexit sha1_base64="BGePJH3VPoKtE5qjPuFe3HzR/kk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpKSqLofliltzF0DrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjjp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ10rmpevdZ4qFeat3kcRTiDc6iCB9fQhHtoQRsITOAZXuHNEc6L8+58LFsLTj5zCn/gfP4AfMKN4g==</latexit>

r

<latexit sha1_base64="PaNED8bQbwX/j7m/AtpiNFqtHBI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuqXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH37mM/g==</latexit>

R

<latexit sha1_base64="ecQlZ9tOaOZv+X+GAOayOVoQEaY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK85jN4=</latexit>

Patm

<latexit sha1_base64="PuMvlKUFdXhf8G4Vwp7pIhIUJf0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOJsmQmdllplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx3cxvPXFjRawfcZLwUNGhFgPBKDqpVe9lFNW0V674VX8OskqCnFQgR71X/ur2Y5YqrpFJam0n8BMMM2pQMMmnpW5qeULZmA55x1FNFbdhNj93Ss6c0ieD2LjSSObq74mMKmsnKnKdiuLILnsz8T+vk+LgJsyETlLkmi0WDVJJMCaz30lfGM5QThyhzAh3K2EjaihDl1DJhRAsv7xKmhfV4LJ69XBZqd3mcRThBE7hHAK4hhrcQx0awGAMz/AKb17ivXjv3seiteDlM8fwB97nD4H1j7E=</latexit>

r0

<latexit sha1_base64="ADwFcOIfYh27qluKcQp/ZaixnIg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwADoI2h</latexit>

2. Clap

q

<latexit sha1_base64="ox2J9wU5/a5grioONlZ5bjLmtd4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN41jP0=</latexit>

� � h

<latexit sha1_base64="JONKKF3HE2sRyhLn/tQzm+tLI9g=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyg5gJIMFwiEeDesNtunPgVeKVpIFKtAf1ryBWNE+ZBCqIMb7nZhAWRAOngk1rQW5YRuiYDJlvqSQpM2ExP3mKz6wS40RpWxLwXP09UZDUmEka2c6UwMgsezPxP8/PIbkJCy6zHJiki0VJLjAoPPsfx1wzCmJiCaGa21sxHRFNKNiUajYEb/nlVdK9aHqXzauHy0brtoyjik7QKTpHHrpGLXSP2qiDKFLoGb2iNwecF+fd+Vi0Vpxy5hj9gfP5A+5kkQg=</latexit>

<latexit sha1_base64="J6emvRb+yz4Z6YAr8vaeEnv5Zzg=">AAACBXicbVDJSgNBEK2JW4zbqEc9NAYhAQkzIiqCEPDiMYJZIBmGnk5P0qRnobtHSIa5ePFXvHhQxKv/4M2/sbMcNPFBweO9KqrqeTFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29howSQWidRDwSLQ9LyllI64opTluxoDjwOG16g5ux33ygQrIovFfDmDoB7oXMZwQrLbnmYeKKkjgZldE16vgCk1S4VpaKzC+Nyq5ZtCrWBGiR2DNShBlqrvnV6UYkCWioCMdStm0rVk6KhWKE06zQSSSNMRngHm1rGuKASiedfJGhY610kR8JXaFCE/X3RIoDKYeBpzsDrPpy3huL/3ntRPmXTsrCOFE0JNNFfsKRitA4EtRlghLFh5pgIpi+FZE+1lkoHVxBh2DPv7xIGqcV+7xi350Vq1ezOPJwAEdQAhsuoAq3UIM6EHiEZ3iFN+PJeDHejY9pa86YzezDHxifP8tvl3k=</latexit>

ur(r, z) =
r0
r
f(z)avec:

on se retrouve avec
<latexit sha1_base64="Wq5cM5kCrVPfK/D5V8BkM+cUO8M=">AAACPHicbVDNS8MwHE39nPOr6tFLcAieRjtERRAGXjxOdB+wdiPN0i0sTUuSCrP0D/PiH+HNkxcPinj1bLoV3IcPAo/3fi/J73kRo1JZ1quxtLyyurZe2Chubm3v7Jp7+w0ZxgKTOg5ZKFoekoRRTuqKKkZakSAo8BhpesPrzG8+ECFpyO/VKCJugPqc+hQjpaWueef4AuHEiZBQFDFYS/+4SOEVdIhCcDIkulaaiHQ20alAfyrz2KmkXbNkla0x4CKxc1ICOWpd88XphTgOCFeYISnbthUpN8muxIykRSeWJEJ4iPqkrSlHAZFuMl4+hcda6UE/FPpwBcfqdCJBgZSjwNOTAVIDOe9l4n9eO1b+hZtQHsWKcDx5yI8ZVCHMmoQ9KghWbKQJwoLqv0I8QLobpfsu6hLs+ZUXSaNSts/K9u1pqXqZ11EAh+AInAAbnIMquAE1UAcYPIE38AE+jWfj3fgyviejS0aeOQAzMH5+Adzur6s=</latexit>

@P

@r
= ⌘

r0
r

@2f

@z2

<latexit sha1_base64="bbGUDYo5wvmYUJsOQq1mWHwLohM="></latexit>

@f

@z
=

1

⌘

r

r0

@P

@r
z +A

<latexit sha1_base64="3IC/tMvs1UDTADcT1fvmFzKvZnE="></latexit>

f(z) =
1

2⌘

r

r0

@P

@r
z2 +Az +B

conditions aux limites:
<latexit sha1_base64="icyWadQFTUWO5FgaecwYs2X8VZU=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN8EitJuSiKgIhYIblxXsBdoQJtNJO3QyCTMTIYb6Km5cKOLWB3Hn2zhts9DWHwY+/nMO58zvx4xKZdvfRmFtfWNzq7hd2tnd2z8wD486MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vUnN7N694EISSN+r9KYuCEacRpQjJS2PLOceKL62LBrjQWMaw3bMyt23Z7LWgUnhwrkannm12AY4SQkXGGGpOw7dqzcDAlFMSPT0iCRJEZ4gkakr5GjkEg3mx8/tU61M7SCSOjHlTV3f09kKJQyDX3dGSI1lsu1mflfrZ+o4MrNKI8TRTheLAoSZqnImiVhDakgWLFUA8KC6lstPEYCYaXzKukQnOUvr0LnrO5c1J2780rzOo+jCMdwAlVw4BKacAstaAOGFJ7hFd6MJ+PFeDc+Fq0FI58pwx8Znz9e65NF</latexit>

ur(z = 0) = ur(z = h) = 0
<latexit sha1_base64="wCRjBAdG9tcxPhkjpeUUHLdzQdI="></latexit>

ur =
1

2⌘

@P

@r

�
z2 � hz

�

ce qui sous entend que                   pour retrouver la forme de départ  

<latexit sha1_base64="vrgIS/tM7IgjlAuwJ1iRSoIlxhQ=">AAACGXicbVDNSgMxGMzWv1r/Vj16CRbBU9kVUfFU8OKxgm2F7lKyabYNzSYhyQpl2dfw4qt48aCIRz35NmbbBbV1IDDMfB9fZiLJqDae9+VUlpZXVteq67WNza3tHXd3r6NFqjBpY8GEuouQJoxy0jbUMHInFUFJxEg3Gl8VfveeKE0FvzUTScIEDTmNKUbGSn3XC2KFcBZIpAxFDLbyH67yQCohjYCzIT/PVN53617DmwIuEr8kdVCi1Xc/goHAaUK4wQxp3fM9acKsuIEZyWtBqolEeIyGpGcpRwnRYTZNlsMjqwxgLJR93MCp+nsjQ4nWkySykwkyIz3vFeJ/Xi818UWYUS5TQzieHYpTBm3YoiY4oIpgwyaWIKyo/SvEI2RbMLbMmi3Bn4+8SDonDf+s4d+c1puXZR1VcAAOwTHwwTlogmvQAm2AwQN4Ai/g1Xl0np035302WnHKnX3wB87nN0MUobA=</latexit>

@P

@r
/ 1

r



Régime visqueux (          )

h

<latexit sha1_base64="o0Em+1LrPCqDYpYwPOqewD9gKuI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0JGM9A==</latexit>

u(r)

<latexit sha1_base64="BGePJH3VPoKtE5qjPuFe3HzR/kk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpKSqLofliltzF0DrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjjp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ10rmpevdZ4qFeat3kcRTiDc6iCB9fQhHtoQRsITOAZXuHNEc6L8+58LFsLTj5zCn/gfP4AfMKN4g==</latexit>

r

<latexit sha1_base64="PaNED8bQbwX/j7m/AtpiNFqtHBI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuqXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH37mM/g==</latexit>

R

<latexit sha1_base64="ecQlZ9tOaOZv+X+GAOayOVoQEaY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK85jN4=</latexit>

Patm

<latexit sha1_base64="PuMvlKUFdXhf8G4Vwp7pIhIUJf0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOJsmQmdllplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx3cxvPXFjRawfcZLwUNGhFgPBKDqpVe9lFNW0V674VX8OskqCnFQgR71X/ur2Y5YqrpFJam0n8BMMM2pQMMmnpW5qeULZmA55x1FNFbdhNj93Ss6c0ieD2LjSSObq74mMKmsnKnKdiuLILnsz8T+vk+LgJsyETlLkmi0WDVJJMCaz30lfGM5QThyhzAh3K2EjaihDl1DJhRAsv7xKmhfV4LJ69XBZqd3mcRThBE7hHAK4hhrcQx0awGAMz/AKb17ivXjv3seiteDlM8fwB97nD4H1j7E=</latexit>

r0

<latexit sha1_base64="ADwFcOIfYh27qluKcQp/ZaixnIg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwADoI2h</latexit>

2. Clap

q

<latexit sha1_base64="ox2J9wU5/a5grioONlZ5bjLmtd4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN41jP0=</latexit>

� � h

<latexit sha1_base64="JONKKF3HE2sRyhLn/tQzm+tLI9g=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyg5gJIMFwiEeDesNtunPgVeKVpIFKtAf1ryBWNE+ZBCqIMb7nZhAWRAOngk1rQW5YRuiYDJlvqSQpM2ExP3mKz6wS40RpWxLwXP09UZDUmEka2c6UwMgsezPxP8/PIbkJCy6zHJiki0VJLjAoPPsfx1wzCmJiCaGa21sxHRFNKNiUajYEb/nlVdK9aHqXzauHy0brtoyjik7QKTpHHrpGLXSP2qiDKFLoGb2iNwecF+fd+Vi0Vpxy5hj9gfP5A+5kkQg=</latexit>

effectivement, la conservation du débit conduit à
<latexit sha1_base64="DQkxW9NLGqUf2K2yRl6t31NYxJ8="></latexit>

q = 2⇡r

Z h

0
ur dz = �⇡rh3

6⌘

@P

@r

<latexit sha1_base64="Fad9Bp2wU0iBb2vn+p0EFlvAaww=">AAACInicbZDLSsNAFIYn9VbrLerSzWAR3FgSlXoBoeDGZQV7gSaWyXTSDp1M4sxEKCHP4sZXceNCUVeCD+OkDaitBwY+/v8czpzfixiVyrI+jcLc/MLiUnG5tLK6tr5hbm41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNLzO/dU+EpCG/UaOIuAHqc+pTjJSWuuaZ4wuEEydCQlHEYD39YZFewIOJX3WIQvAuMykUcHB7lHbNslWxxgVnwc6hDPKqd813pxfiOCBcYYak7NhWpNwkW4YZSUtOLEmE8BD1SUcjRwGRbjI+MYV7WulBPxT6cQXH6u+JBAVSjgJPdwZIDeS0l4n/eZ1Y+aduQnkUK8LxZJEfM6hCmOUFe1QQrNhIA8KC6r9CPEA6E6VTLekQ7OmTZ6F5WLGrFfv6uFw7z+Mogh2wC/aBDU5ADVyBOmgADB7AE3gBr8aj8Wy8GR+T1oKRz2yDP2V8fQNEvaQO</latexit>

@P

@r
= � 6⌘q

⇡rh3

reste à intégrer
<latexit sha1_base64="mMh3M6J8fmpFXJ5DpQV2C/x5U8A=">AAACF3icbVDLSsNAFJ3Ud31VXboZLEK7sCYqKoIguHEZxbZCE8tkOmkHJ5M4cyOUkL9w46+4caGIW935N04fC18HLhzOuZd77wkSwTXY9qdVmJicmp6ZnSvOLywuLZdWVhs6ThVldRqLWF0FRDPBJasDB8GuEsVIFAjWDG5OB37zjinNY3kJ/YT5EelKHnJKwEjtUs2tqOoxdtsZgSjf8kJFaLbvMSD4Ns+8hGPcu97NPSEravui2i6V7Zo9BP5LnDEpozHcdunD68Q0jZgEKojWLcdOwM+IAk4Fy4teqllC6A3pspahkkRM+9nwrxxvGqWDw1iZkoCH6veJjERa96PAdEYEevq3NxD/81ophId+xmWSApN0tChMBYYYD0LCHa4YBdE3hFDFza2Y9oiJBkyURROC8/vlv6SxU3P2a875XvnkaBzHLFpHG6iCHHSATtAZclEdUXSPHtEzerEerCfr1XobtRas8cwa+gHr/Qte4J4o</latexit>

P (r) = Patm � 6⌘q

⇡h3
ln(r/R)

Et enfin pour la force:
<latexit sha1_base64="2R/16UfdRK34M27wJe/QkvuASqU="></latexit>

F =

Z R

r0

2⇡r (P (r)� Patm) dr

<latexit sha1_base64="Q+nAL+kXSp1K0yzMnznW/L8Q18E="></latexit>

F = �12⌘qR2

h3

Z 1

r0/R
⇠ ln ⇠ d⇠ =

6⌘qR2

h3

✓
1

2
+
⇣r0
R

⌘2
✓
ln
⇣r0
R

⌘
� 1

2

◆◆

<latexit sha1_base64="/ntlR75/p5XmRtWRlVkPiHtGiEI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDxIwYvHKvYD2lA220m7dLMJuxuhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHnIGTVWerhxe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAQwjO8wpszcl6cd+dj3lpw8plD+APn8wf7w4z6</latexit>

> 0 pour
<latexit sha1_base64="RXVp46vm9y0oxhhRES1Kx8AOMxA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIivRQ8OKxiv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBortdyq6rnVh16p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz2My6T1KBk80VhKoiJyfR30ucKmRFjSyhT3N5K2JAqyoxNqGhD8BZfXibN84p3WfHuL8q1mzyOAhzDCZyBB1dQgzuoQwMYjOAZXuHNSZwX5935mLeuOPnMEfyB8/kDE9SOuQ==</latexit>

0 < r0 < R


