
A l’autre bout du spectre en nombre de Reynolds

La notion de couche limite

Écoulements rotationnels et irrotationnels

Écoulements potentiels et loi de Bernoulli



Développement d’une couche limite sur une plaque plane mise en 
mouvement
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Navier Stokes
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La même expérience du point de vue de la vorticité
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Navier Stokes (ici)
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Développement d’une couche limite sur une plaque plane
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En dehors de la couche limite :
la viscosité ne joue pas de rôle, l’écoulement est irrotationnel

Dans la couche limite :
la viscosité joue un rôle, l’écoulement est rotationnel
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Bonus: longueur d’entrée dans un tube
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<latexit sha1_base64="FoWG/6oRPder8gEHdOQn2ozTZbI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHqSgBcPHiKaByRrmJ3MJkNmZ5eZXiEs+QQvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7S8srqWXy9sbG5t7xR39+omTjXjNRbLWDcDargUitdQoOTNRHMaBZI3gsH12G88cW1ErB5wmHA/oj0lQsEoWun+9vGkUyy5ZXcCski8GSnBDNVO8avdjVkacYVMUmNanpugn1GNgkk+KrRTwxPKBrTHW5YqGnHjZ5NTR+TIKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMy/pt0heYM5dASyrSwtxLWp5oytOkUbAje/MuLpH5a9s7L7t1ZqXI1iyMPB3AIx+DBBVTgBqpQAwY9eIZXeHOk8+K8Ox/T1pwzm9mHP3A+fwC86o1t</latexit>

L⇤

écoulement bouchon écoulement de Poiseuille

Bonus: longueur d’entrée dans un tube



<latexit sha1_base64="9p8YZqjfXqzU6c7Mnhh+XCrsRLo=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGqi5KIqCspuHHhoop9QBPLZDJph85MwsxEKbGf4saFIm79Enf+jdM2C209cOFwzr3ce0+QMKq043xbC4tLyyurhbXi+sbm1rZd2mmqOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwux37rgUhFY3GnhwnxOeoJGlGMtJG6dskLCdOocn1/dOgpyuFt1y47VWcCOE/cnJRBjnrX/vLCGKecCI0ZUqrjOon2MyQ1xYyMil6qSILwAPVIx1CBOFF+Njl9BA+MEsIolqaEhhP190SGuFJDHphOjnRfzXpj8T+vk+ro3M+oSFJNBJ4uilIGdQzHOcCQSoI1GxqCsKTmVoj7SCKsTVpFE4I7+/I8aR5X3dOqc3NSrl3kcRTAHtgHFeCCM1ADV6AOGgCDR/AMXsGb9WS9WO/Wx7R1wcpndsEfWJ8/sWmS+A==</latexit>

�(L⇤) ⇠ R

<latexit sha1_base64="KCgHeoRh/WfkKEltOatbtg7+PXs=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCuChJEXUlBTcuXFQxbaFJy2Q6aYfOTMLMRCghbvwVNy4UcetfuPNvnD4W2nrgwuGce7n3njBhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt67iVGLi4ZjFshkiRRgVxNNUM9JMJEE8ZKQRDq5GfuOBSEVjca+HCQk46gkaUYy0kTr2/k37xFeUQz+SCGfeXbuSZ75I845dcsrOGHCeuFNSAlPUOvaX341xyonQmCGlWq6T6CBDUlPMSF70U0UShAeoR1qGCsSJCrLxBzk8MkoXRrE0JTQcq78nMsSVGvLQdHKk+2rWG4n/ea1URxdBRkWSaiLwZFGUMqhjOIoDdqkkWLOhIQhLam6FuI9MFNqEVjQhuLMvz5N6peyelZ3b01L1chpHARyAQ3AMXHAOquAa1IAHMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wf0hJaT</latexit>

L⇤ ⇠ UR2

⌫

<latexit sha1_base64="T+ImpqiFG4IBXmDCEltv7iXhgWw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rROM1w==</latexit>

R
<latexit sha1_base64="sIFVHDhsJVtKSrL4jylAtvnTAcI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswbSFNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mHGKQUwHkkecUWOlht8rV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKmhdV76rqNi4rtds8jiKcwCmcgwfXUIN7qIMPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALGfjNo=</latexit>

U
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)
<latexit sha1_base64="FoWG/6oRPder8gEHdOQn2ozTZbI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHqSgBcPHiKaByRrmJ3MJkNmZ5eZXiEs+QQvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7S8srqWXy9sbG5t7xR39+omTjXjNRbLWDcDargUitdQoOTNRHMaBZI3gsH12G88cW1ErB5wmHA/oj0lQsEoWun+9vGkUyy5ZXcCski8GSnBDNVO8avdjVkacYVMUmNanpugn1GNgkk+KrRTwxPKBrTHW5YqGnHjZ5NTR+TIKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMy/pt0heYM5dASyrSwtxLWp5oytOkUbAje/MuLpH5a9s7L7t1ZqXI1iyMPB3AIx+DBBVTgBqpQAwY9eIZXeHOk8+K8Ox/T1pwzm9mHP3A+fwC86o1t</latexit>

L⇤

écoulement bouchon écoulement de Poiseuille

Bonus: longueur d’entrée dans un tube



<latexit sha1_base64="9p8YZqjfXqzU6c7Mnhh+XCrsRLo=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGqi5KIqCspuHHhoop9QBPLZDJph85MwsxEKbGf4saFIm79Enf+jdM2C209cOFwzr3ce0+QMKq043xbC4tLyyurhbXi+sbm1rZd2mmqOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwux37rgUhFY3GnhwnxOeoJGlGMtJG6dskLCdOocn1/dOgpyuFt1y47VWcCOE/cnJRBjnrX/vLCGKecCI0ZUqrjOon2MyQ1xYyMil6qSILwAPVIx1CBOFF+Njl9BA+MEsIolqaEhhP190SGuFJDHphOjnRfzXpj8T+vk+ro3M+oSFJNBJ4uilIGdQzHOcCQSoI1GxqCsKTmVoj7SCKsTVpFE4I7+/I8aR5X3dOqc3NSrl3kcRTAHtgHFeCCM1ADV6AOGgCDR/AMXsGb9WS9WO/Wx7R1wcpndsEfWJ8/sWmS+A==</latexit>

�(L⇤) ⇠ R

<latexit sha1_base64="KCgHeoRh/WfkKEltOatbtg7+PXs=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCuChJEXUlBTcuXFQxbaFJy2Q6aYfOTMLMRCghbvwVNy4UcetfuPNvnD4W2nrgwuGce7n3njBhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt67iVGLi4ZjFshkiRRgVxNNUM9JMJEE8ZKQRDq5GfuOBSEVjca+HCQk46gkaUYy0kTr2/k37xFeUQz+SCGfeXbuSZ75I845dcsrOGHCeuFNSAlPUOvaX341xyonQmCGlWq6T6CBDUlPMSF70U0UShAeoR1qGCsSJCrLxBzk8MkoXRrE0JTQcq78nMsSVGvLQdHKk+2rWG4n/ea1URxdBRkWSaiLwZFGUMqhjOIoDdqkkWLOhIQhLam6FuI9MFNqEVjQhuLMvz5N6peyelZ3b01L1chpHARyAQ3AMXHAOquAa1IAHMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wf0hJaT</latexit>

L⇤ ⇠ UR2

⌫

Lien avec      ?
<latexit sha1_base64="dZOy/g+/2sFpVUknbj+UYn+izO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8NJME/YgOJQ85o8ZKjQb2yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1Uvauq+3BZqd3mcRThBE7hHDy4hhrcQx2awCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD2tsjUY=</latexit>

Re
<latexit sha1_base64="USwByq/RD4XL+ZLbRX9V9FOZQWY=">AAACE3icbVBNSyNBEO3x2/iVXY9eGoOgHsKMyK4nEdaDxyhGhUwINZ0a09jTM3RXC2HIf9jL/pW9eFDEqxdv/hs7Hwe/HhQ83quiql5SKGkpDF+DqemZ2bn5hcXK0vLK6lr1x88LmzsjsClylZurBCwqqbFJkhReFQYhSxReJjd/hv7lLRorc31O/QLbGVxrmUoB5KVOdfcMYyuzODUgytj08m1XjzUkCnbcoIyRID5GRcDdoFOthfVwBP6VRBNSYxM0OtWXuJsLl6EmocDaVhQW1C7BkBQKB5XYWSxA3MA1tjzVkKFtl6OfBnzLK12e5saXJj5S30+UkFnbzxLfmQH17GdvKH7ntRylB+1S6sIRajFelDrFKefDgHhXGhSk+p6AMNLfykUPfDzkY6z4EKLPL38lF3v16Fc9PN2vHR1O4lhgG2yTbbOI/WZH7IQ1WJMJ9pf9Z/fsIfgX3AWPwdO4dSqYzKyzDwie3wBUSp5t</latexit>

Re ⇠ ⇢(u.r)u

⌘�u

<latexit sha1_base64="T+ImpqiFG4IBXmDCEltv7iXhgWw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rROM1w==</latexit>

R
<latexit sha1_base64="sIFVHDhsJVtKSrL4jylAtvnTAcI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswbSFNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mHGKQUwHkkecUWOlht8rV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKmhdV76rqNi4rtds8jiKcwCmcgwfXUIN7qIMPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALGfjNo=</latexit>

U
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)
<latexit sha1_base64="FoWG/6oRPder8gEHdOQn2ozTZbI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHqSgBcPHiKaByRrmJ3MJkNmZ5eZXiEs+QQvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7S8srqWXy9sbG5t7xR39+omTjXjNRbLWDcDargUitdQoOTNRHMaBZI3gsH12G88cW1ErB5wmHA/oj0lQsEoWun+9vGkUyy5ZXcCski8GSnBDNVO8avdjVkacYVMUmNanpugn1GNgkk+KrRTwxPKBrTHW5YqGnHjZ5NTR+TIKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMy/pt0heYM5dASyrSwtxLWp5oytOkUbAje/MuLpH5a9s7L7t1ZqXI1iyMPB3AIx+DBBVTgBqpQAwY9eIZXeHOk8+K8Ox/T1pwzm9mHP3A+fwC86o1t</latexit>

L⇤

écoulement bouchon écoulement de Poiseuille

Bonus: longueur d’entrée dans un tube



<latexit sha1_base64="9p8YZqjfXqzU6c7Mnhh+XCrsRLo=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGqi5KIqCspuHHhoop9QBPLZDJph85MwsxEKbGf4saFIm79Enf+jdM2C209cOFwzr3ce0+QMKq043xbC4tLyyurhbXi+sbm1rZd2mmqOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwux37rgUhFY3GnhwnxOeoJGlGMtJG6dskLCdOocn1/dOgpyuFt1y47VWcCOE/cnJRBjnrX/vLCGKecCI0ZUqrjOon2MyQ1xYyMil6qSILwAPVIx1CBOFF+Njl9BA+MEsIolqaEhhP190SGuFJDHphOjnRfzXpj8T+vk+ro3M+oSFJNBJ4uilIGdQzHOcCQSoI1GxqCsKTmVoj7SCKsTVpFE4I7+/I8aR5X3dOqc3NSrl3kcRTAHtgHFeCCM1ADV6AOGgCDR/AMXsGb9WS9WO/Wx7R1wcpndsEfWJ8/sWmS+A==</latexit>

�(L⇤) ⇠ R

<latexit sha1_base64="KCgHeoRh/WfkKEltOatbtg7+PXs=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCuChJEXUlBTcuXFQxbaFJy2Q6aYfOTMLMRCghbvwVNy4UcetfuPNvnD4W2nrgwuGce7n3njBhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt67iVGLi4ZjFshkiRRgVxNNUM9JMJEE8ZKQRDq5GfuOBSEVjca+HCQk46gkaUYy0kTr2/k37xFeUQz+SCGfeXbuSZ75I845dcsrOGHCeuFNSAlPUOvaX341xyonQmCGlWq6T6CBDUlPMSF70U0UShAeoR1qGCsSJCrLxBzk8MkoXRrE0JTQcq78nMsSVGvLQdHKk+2rWG4n/ea1URxdBRkWSaiLwZFGUMqhjOIoDdqkkWLOhIQhLam6FuI9MFNqEVjQhuLMvz5N6peyelZ3b01L1chpHARyAQ3AMXHAOquAa1IAHMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wf0hJaT</latexit>

L⇤ ⇠ UR2

⌫

Lien avec      ?
<latexit sha1_base64="dZOy/g+/2sFpVUknbj+UYn+izO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8NJME/YgOJQ85o8ZKjQb2yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1Uvauq+3BZqd3mcRThBE7hHDy4hhrcQx2awCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD2tsjUY=</latexit>

Re
<latexit sha1_base64="USwByq/RD4XL+ZLbRX9V9FOZQWY=">AAACE3icbVBNSyNBEO3x2/iVXY9eGoOgHsKMyK4nEdaDxyhGhUwINZ0a09jTM3RXC2HIf9jL/pW9eFDEqxdv/hs7Hwe/HhQ83quiql5SKGkpDF+DqemZ2bn5hcXK0vLK6lr1x88LmzsjsClylZurBCwqqbFJkhReFQYhSxReJjd/hv7lLRorc31O/QLbGVxrmUoB5KVOdfcMYyuzODUgytj08m1XjzUkCnbcoIyRID5GRcDdoFOthfVwBP6VRBNSYxM0OtWXuJsLl6EmocDaVhQW1C7BkBQKB5XYWSxA3MA1tjzVkKFtl6OfBnzLK12e5saXJj5S30+UkFnbzxLfmQH17GdvKH7ntRylB+1S6sIRajFelDrFKefDgHhXGhSk+p6AMNLfykUPfDzkY6z4EKLPL38lF3v16Fc9PN2vHR1O4lhgG2yTbbOI/WZH7IQ1WJMJ9pf9Z/fsIfgX3AWPwdO4dSqYzKyzDwie3wBUSp5t</latexit>

Re ⇠ ⇢(u.r)u

⌘�u

<latexit sha1_base64="T+ImpqiFG4IBXmDCEltv7iXhgWw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rROM1w==</latexit>

R
<latexit sha1_base64="sIFVHDhsJVtKSrL4jylAtvnTAcI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswbSFNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mHGKQUwHkkecUWOlht8rV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKmhdV76rqNi4rtds8jiKcwCmcgwfXUIN7qIMPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALGfjNo=</latexit>

U
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)
<latexit sha1_base64="FoWG/6oRPder8gEHdOQn2ozTZbI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHqSgBcPHiKaByRrmJ3MJkNmZ5eZXiEs+QQvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7S8srqWXy9sbG5t7xR39+omTjXjNRbLWDcDargUitdQoOTNRHMaBZI3gsH12G88cW1ErB5wmHA/oj0lQsEoWun+9vGkUyy5ZXcCski8GSnBDNVO8avdjVkacYVMUmNanpugn1GNgkk+KrRTwxPKBrTHW5YqGnHjZ5NTR+TIKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMy/pt0heYM5dASyrSwtxLWp5oytOkUbAje/MuLpH5a9s7L7t1ZqXI1iyMPB3AIx+DBBVTgBqpQAwY9eIZXeHOk8+K8Ox/T1pwzm9mHP3A+fwC86o1t</latexit>

L⇤

écoulement bouchon écoulement de Poiseuille

Bonus: longueur d’entrée dans un tube

<latexit sha1_base64="U0AnLAxGDtCtN+SWaHxq22Dt9wI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAiuSlKKupKCGxcuKpi20NQwmU7aoZNJmJlIS8iPuPFX3LhQxIUb8W+ctAG19cDAuefcy517/JhRqSzry1haXlldWy9tlDe3tnd2zb39lowSgYmDIxaJjo8kYZQTR1HFSCcWBIU+I21/dJn77XsiJI34rZrEpBeiAacBxUhpyTPriTd2A4Fw6sZIKIoY1Er2U40zV9IQznqcu1qWXmeeWbGq1hRwkdgFqYACTc/8cPsRTkLCFWZIyq5txaqX5iswI1nZTSSJER6hAelqylFIZC+dXpfBY630YRAJ/biCU/X3RIpCKSehrztDpIZy3svF/7xuooLzXkp5nCjC8WxRkDCoIphHBftUEKzYRBOEBdV/hXiIdA5KB1rWIdjzJy+SVq1qn1atm3qlcVHEUQKH4AicABucgQa4Ak3gAAwewBN4Aa/Go/FsvBnvs9Ylo5g5AH9gfH4DeAejXA==</latexit>

ux
@ux

@x
⇠ U2

L



<latexit sha1_base64="9p8YZqjfXqzU6c7Mnhh+XCrsRLo=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGqi5KIqCspuHHhoop9QBPLZDJph85MwsxEKbGf4saFIm79Enf+jdM2C209cOFwzr3ce0+QMKq043xbC4tLyyurhbXi+sbm1rZd2mmqOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwux37rgUhFY3GnhwnxOeoJGlGMtJG6dskLCdOocn1/dOgpyuFt1y47VWcCOE/cnJRBjnrX/vLCGKecCI0ZUqrjOon2MyQ1xYyMil6qSILwAPVIx1CBOFF+Njl9BA+MEsIolqaEhhP190SGuFJDHphOjnRfzXpj8T+vk+ro3M+oSFJNBJ4uilIGdQzHOcCQSoI1GxqCsKTmVoj7SCKsTVpFE4I7+/I8aR5X3dOqc3NSrl3kcRTAHtgHFeCCM1ADV6AOGgCDR/AMXsGb9WS9WO/Wx7R1wcpndsEfWJ8/sWmS+A==</latexit>

�(L⇤) ⇠ R

<latexit sha1_base64="KCgHeoRh/WfkKEltOatbtg7+PXs=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCuChJEXUlBTcuXFQxbaFJy2Q6aYfOTMLMRCghbvwVNy4UcetfuPNvnD4W2nrgwuGce7n3njBhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt67iVGLi4ZjFshkiRRgVxNNUM9JMJEE8ZKQRDq5GfuOBSEVjca+HCQk46gkaUYy0kTr2/k37xFeUQz+SCGfeXbuSZ75I845dcsrOGHCeuFNSAlPUOvaX341xyonQmCGlWq6T6CBDUlPMSF70U0UShAeoR1qGCsSJCrLxBzk8MkoXRrE0JTQcq78nMsSVGvLQdHKk+2rWG4n/ea1URxdBRkWSaiLwZFGUMqhjOIoDdqkkWLOhIQhLam6FuI9MFNqEVjQhuLMvz5N6peyelZ3b01L1chpHARyAQ3AMXHAOquAa1IAHMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wf0hJaT</latexit>

L⇤ ⇠ UR2

⌫

Lien avec      ?
<latexit sha1_base64="dZOy/g+/2sFpVUknbj+UYn+izO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8NJME/YgOJQ85o8ZKjQb2yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1Uvauq+3BZqd3mcRThBE7hHDy4hhrcQx2awCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD2tsjUY=</latexit>

Re
<latexit sha1_base64="USwByq/RD4XL+ZLbRX9V9FOZQWY=">AAACE3icbVBNSyNBEO3x2/iVXY9eGoOgHsKMyK4nEdaDxyhGhUwINZ0a09jTM3RXC2HIf9jL/pW9eFDEqxdv/hs7Hwe/HhQ83quiql5SKGkpDF+DqemZ2bn5hcXK0vLK6lr1x88LmzsjsClylZurBCwqqbFJkhReFQYhSxReJjd/hv7lLRorc31O/QLbGVxrmUoB5KVOdfcMYyuzODUgytj08m1XjzUkCnbcoIyRID5GRcDdoFOthfVwBP6VRBNSYxM0OtWXuJsLl6EmocDaVhQW1C7BkBQKB5XYWSxA3MA1tjzVkKFtl6OfBnzLK12e5saXJj5S30+UkFnbzxLfmQH17GdvKH7ntRylB+1S6sIRajFelDrFKefDgHhXGhSk+p6AMNLfykUPfDzkY6z4EKLPL38lF3v16Fc9PN2vHR1O4lhgG2yTbbOI/WZH7IQ1WJMJ9pf9Z/fsIfgX3AWPwdO4dSqYzKyzDwie3wBUSp5t</latexit>

Re ⇠ ⇢(u.r)u

⌘�u

<latexit sha1_base64="U0AnLAxGDtCtN+SWaHxq22Dt9wI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAiuSlKKupKCGxcuKpi20NQwmU7aoZNJmJlIS8iPuPFX3LhQxIUb8W+ctAG19cDAuefcy517/JhRqSzry1haXlldWy9tlDe3tnd2zb39lowSgYmDIxaJjo8kYZQTR1HFSCcWBIU+I21/dJn77XsiJI34rZrEpBeiAacBxUhpyTPriTd2A4Fw6sZIKIoY1Er2U40zV9IQznqcu1qWXmeeWbGq1hRwkdgFqYACTc/8cPsRTkLCFWZIyq5txaqX5iswI1nZTSSJER6hAelqylFIZC+dXpfBY630YRAJ/biCU/X3RIpCKSehrztDpIZy3svF/7xuooLzXkp5nCjC8WxRkDCoIphHBftUEKzYRBOEBdV/hXiIdA5KB1rWIdjzJy+SVq1qn1atm3qlcVHEUQKH4AicABucgQa4Ak3gAAwewBN4Aa/Go/FsvBnvs9Ylo5g5AH9gfH4DeAejXA==</latexit>

ux
@ux

@x
⇠ U2

L
<latexit sha1_base64="y7AmP9wZauiisN+BwmO3t2fXcLA=">AAACK3icbVDLSsNAFJ34rPUVdelmsAiuSlJEXUlRFy6rmLbQpGEynbRDJw9mJmIJ+R83/ooLXfjArf/hpA1SWw8MnHvOvdy5x4sZFdIwPrSFxaXlldXSWnl9Y3NrW9/ZbYoo4ZhYOGIRb3tIEEZDYkkqGWnHnKDAY6TlDS9zv3VPuKBReCdHMXEC1A+pTzGSSnL1C/uKMIlgYgsaQNvnCKd2jLikiHVrMHEfst8a8m4tm+qzsvRWKa5eMarGGHCemAWpgAINV3+xexFOAhJKzJAQHdOIpZPmSzAjWdlOBIkRHqI+6SgaooAIJx3fmsFDpfSgH3H1QgnH6vREigIhRoGnOgMkB2LWy8X/vE4i/TMnpWGcSBLiySI/YVBGMA8O9ignWLKRIghzqv4K8QCpHKSKt6xCMGdPnifNWtU8qRo3x5X6eRFHCeyDA3AETHAK6uAaNIAFMHgEz+ANvGtP2qv2qX1NWhe0YmYP/IH2/QNZoKhc</latexit>

�u ⇠ @2ux

@r2
⇠ U

R2

<latexit sha1_base64="T+ImpqiFG4IBXmDCEltv7iXhgWw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rROM1w==</latexit>

R
<latexit sha1_base64="sIFVHDhsJVtKSrL4jylAtvnTAcI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswbSFNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mHGKQUwHkkecUWOlht8rV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKmhdV76rqNi4rtds8jiKcwCmcgwfXUIN7qIMPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALGfjNo=</latexit>

U
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)
<latexit sha1_base64="FoWG/6oRPder8gEHdOQn2ozTZbI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHqSgBcPHiKaByRrmJ3MJkNmZ5eZXiEs+QQvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7S8srqWXy9sbG5t7xR39+omTjXjNRbLWDcDargUitdQoOTNRHMaBZI3gsH12G88cW1ErB5wmHA/oj0lQsEoWun+9vGkUyy5ZXcCski8GSnBDNVO8avdjVkacYVMUmNanpugn1GNgkk+KrRTwxPKBrTHW5YqGnHjZ5NTR+TIKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMy/pt0heYM5dASyrSwtxLWp5oytOkUbAje/MuLpH5a9s7L7t1ZqXI1iyMPB3AIx+DBBVTgBqpQAwY9eIZXeHOk8+K8Ox/T1pwzm9mHP3A+fwC86o1t</latexit>

L⇤

écoulement bouchon écoulement de Poiseuille

Bonus: longueur d’entrée dans un tube



<latexit sha1_base64="9p8YZqjfXqzU6c7Mnhh+XCrsRLo=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGqi5KIqCspuHHhoop9QBPLZDJph85MwsxEKbGf4saFIm79Enf+jdM2C209cOFwzr3ce0+QMKq043xbC4tLyyurhbXi+sbm1rZd2mmqOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwux37rgUhFY3GnhwnxOeoJGlGMtJG6dskLCdOocn1/dOgpyuFt1y47VWcCOE/cnJRBjnrX/vLCGKecCI0ZUqrjOon2MyQ1xYyMil6qSILwAPVIx1CBOFF+Njl9BA+MEsIolqaEhhP190SGuFJDHphOjnRfzXpj8T+vk+ro3M+oSFJNBJ4uilIGdQzHOcCQSoI1GxqCsKTmVoj7SCKsTVpFE4I7+/I8aR5X3dOqc3NSrl3kcRTAHtgHFeCCM1ADV6AOGgCDR/AMXsGb9WS9WO/Wx7R1wcpndsEfWJ8/sWmS+A==</latexit>

�(L⇤) ⇠ R

<latexit sha1_base64="KCgHeoRh/WfkKEltOatbtg7+PXs=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCuChJEXUlBTcuXFQxbaFJy2Q6aYfOTMLMRCghbvwVNy4UcetfuPNvnD4W2nrgwuGce7n3njBhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt67iVGLi4ZjFshkiRRgVxNNUM9JMJEE8ZKQRDq5GfuOBSEVjca+HCQk46gkaUYy0kTr2/k37xFeUQz+SCGfeXbuSZ75I845dcsrOGHCeuFNSAlPUOvaX341xyonQmCGlWq6T6CBDUlPMSF70U0UShAeoR1qGCsSJCrLxBzk8MkoXRrE0JTQcq78nMsSVGvLQdHKk+2rWG4n/ea1URxdBRkWSaiLwZFGUMqhjOIoDdqkkWLOhIQhLam6FuI9MFNqEVjQhuLMvz5N6peyelZ3b01L1chpHARyAQ3AMXHAOquAa1IAHMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wf0hJaT</latexit>

L⇤ ⇠ UR2

⌫

Lien avec      ?
<latexit sha1_base64="dZOy/g+/2sFpVUknbj+UYn+izO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8NJME/YgOJQ85o8ZKjQb2yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1Uvauq+3BZqd3mcRThBE7hHDy4hhrcQx2awCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD2tsjUY=</latexit>

Re
<latexit sha1_base64="USwByq/RD4XL+ZLbRX9V9FOZQWY=">AAACE3icbVBNSyNBEO3x2/iVXY9eGoOgHsKMyK4nEdaDxyhGhUwINZ0a09jTM3RXC2HIf9jL/pW9eFDEqxdv/hs7Hwe/HhQ83quiql5SKGkpDF+DqemZ2bn5hcXK0vLK6lr1x88LmzsjsClylZurBCwqqbFJkhReFQYhSxReJjd/hv7lLRorc31O/QLbGVxrmUoB5KVOdfcMYyuzODUgytj08m1XjzUkCnbcoIyRID5GRcDdoFOthfVwBP6VRBNSYxM0OtWXuJsLl6EmocDaVhQW1C7BkBQKB5XYWSxA3MA1tjzVkKFtl6OfBnzLK12e5saXJj5S30+UkFnbzxLfmQH17GdvKH7ntRylB+1S6sIRajFelDrFKefDgHhXGhSk+p6AMNLfykUPfDzkY6z4EKLPL38lF3v16Fc9PN2vHR1O4lhgG2yTbbOI/WZH7IQ1WJMJ9pf9Z/fsIfgX3AWPwdO4dSqYzKyzDwie3wBUSp5t</latexit>

Re ⇠ ⇢(u.r)u

⌘�u

<latexit sha1_base64="6jAGc8409rKlQzlMDYyWkHTuMBs=">AAACE3icbVC7SgNBFJ2NrxhfUUubwSBIirAbRG2UgI1FihjMA7JJmJ3cTYbMPpiZFcKy/2Djr9hYKGJrY+ffOEm20MQDFw7n3Mu99zghZ1KZ5reRWVldW9/Ibua2tnd29/L7B00ZRIJCgwY8EG2HSODMh4ZiikM7FEA8h0PLGd9M/dYDCMkC/15NQuh6ZOgzl1GitNTPF+twZbuC0NgWowA3cL1XTmIbFMHVJHWqvWISV5N+vmCWzBnwMrFSUkApav38lz0IaOSBrygnUnYsM1TdmAjFKIckZ0cSQkLHZAgdTX3igezGs58SfKKVAXYDoctXeKb+noiJJ+XEc3SnR9RILnpT8T+vEyn3shszP4wU+HS+yI04VgGeBoQHTABVfKIJoYLpWzEdEZ2D0jHmdAjW4svLpFkuWecl8+6sULlO48iiI3SMTpGFLlAF3aIaaiCKHtEzekVvxpPxYrwbH/PWjJHOHKI/MD5/AOxxnY8=</latexit>

Re =
⇢UR2

⌘L
=

L⇤

L

<latexit sha1_base64="T+ImpqiFG4IBXmDCEltv7iXhgWw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rROM1w==</latexit>

R
<latexit sha1_base64="sIFVHDhsJVtKSrL4jylAtvnTAcI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswbSFNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mHGKQUwHkkecUWOlht8rV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKmhdV76rqNi4rtds8jiKcwCmcgwfXUIN7qIMPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALGfjNo=</latexit>

U
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)
<latexit sha1_base64="FoWG/6oRPder8gEHdOQn2ozTZbI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHqSgBcPHiKaByRrmJ3MJkNmZ5eZXiEs+QQvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7S8srqWXy9sbG5t7xR39+omTjXjNRbLWDcDargUitdQoOTNRHMaBZI3gsH12G88cW1ErB5wmHA/oj0lQsEoWun+9vGkUyy5ZXcCski8GSnBDNVO8avdjVkacYVMUmNanpugn1GNgkk+KrRTwxPKBrTHW5YqGnHjZ5NTR+TIKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMy/pt0heYM5dASyrSwtxLWp5oytOkUbAje/MuLpH5a9s7L7t1ZqXI1iyMPB3AIx+DBBVTgBqpQAwY9eIZXeHOk8+K8Ox/T1pwzm9mHP3A+fwC86o1t</latexit>

L⇤

écoulement bouchon écoulement de Poiseuille

Bonus: longueur d’entrée dans un tube

<latexit sha1_base64="U0AnLAxGDtCtN+SWaHxq22Dt9wI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAiuSlKKupKCGxcuKpi20NQwmU7aoZNJmJlIS8iPuPFX3LhQxIUb8W+ctAG19cDAuefcy517/JhRqSzry1haXlldWy9tlDe3tnd2zb39lowSgYmDIxaJjo8kYZQTR1HFSCcWBIU+I21/dJn77XsiJI34rZrEpBeiAacBxUhpyTPriTd2A4Fw6sZIKIoY1Er2U40zV9IQznqcu1qWXmeeWbGq1hRwkdgFqYACTc/8cPsRTkLCFWZIyq5txaqX5iswI1nZTSSJER6hAelqylFIZC+dXpfBY630YRAJ/biCU/X3RIpCKSehrztDpIZy3svF/7xuooLzXkp5nCjC8WxRkDCoIphHBftUEKzYRBOEBdV/hXiIdA5KB1rWIdjzJy+SVq1qn1atm3qlcVHEUQKH4AicABucgQa4Ak3gAAwewBN4Aa/Go/FsvBnvs9Ylo5g5AH9gfH4DeAejXA==</latexit>

ux
@ux

@x
⇠ U2

L
<latexit sha1_base64="y7AmP9wZauiisN+BwmO3t2fXcLA=">AAACK3icbVDLSsNAFJ34rPUVdelmsAiuSlJEXUlRFy6rmLbQpGEynbRDJw9mJmIJ+R83/ooLXfjArf/hpA1SWw8MnHvOvdy5x4sZFdIwPrSFxaXlldXSWnl9Y3NrW9/ZbYoo4ZhYOGIRb3tIEEZDYkkqGWnHnKDAY6TlDS9zv3VPuKBReCdHMXEC1A+pTzGSSnL1C/uKMIlgYgsaQNvnCKd2jLikiHVrMHEfst8a8m4tm+qzsvRWKa5eMarGGHCemAWpgAINV3+xexFOAhJKzJAQHdOIpZPmSzAjWdlOBIkRHqI+6SgaooAIJx3fmsFDpfSgH3H1QgnH6vREigIhRoGnOgMkB2LWy8X/vE4i/TMnpWGcSBLiySI/YVBGMA8O9ignWLKRIghzqv4K8QCpHKSKt6xCMGdPnifNWtU8qRo3x5X6eRFHCeyDA3AETHAK6uAaNIAFMHgEz+ANvGtP2qv2qX1NWhe0YmYP/IH2/QNZoKhc</latexit>

�u ⇠ @2ux

@r2
⇠ U

R2



<latexit sha1_base64="9p8YZqjfXqzU6c7Mnhh+XCrsRLo=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGqi5KIqCspuHHhoop9QBPLZDJph85MwsxEKbGf4saFIm79Enf+jdM2C209cOFwzr3ce0+QMKq043xbC4tLyyurhbXi+sbm1rZd2mmqOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwux37rgUhFY3GnhwnxOeoJGlGMtJG6dskLCdOocn1/dOgpyuFt1y47VWcCOE/cnJRBjnrX/vLCGKecCI0ZUqrjOon2MyQ1xYyMil6qSILwAPVIx1CBOFF+Njl9BA+MEsIolqaEhhP190SGuFJDHphOjnRfzXpj8T+vk+ro3M+oSFJNBJ4uilIGdQzHOcCQSoI1GxqCsKTmVoj7SCKsTVpFE4I7+/I8aR5X3dOqc3NSrl3kcRTAHtgHFeCCM1ADV6AOGgCDR/AMXsGb9WS9WO/Wx7R1wcpndsEfWJ8/sWmS+A==</latexit>

�(L⇤) ⇠ R

<latexit sha1_base64="KCgHeoRh/WfkKEltOatbtg7+PXs=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCuChJEXUlBTcuXFQxbaFJy2Q6aYfOTMLMRCghbvwVNy4UcetfuPNvnD4W2nrgwuGce7n3njBhVGnH+bYWFpeWV1YLa8X1jc2tbXtnt67iVGLi4ZjFshkiRRgVxNNUM9JMJEE8ZKQRDq5GfuOBSEVjca+HCQk46gkaUYy0kTr2/k37xFeUQz+SCGfeXbuSZ75I845dcsrOGHCeuFNSAlPUOvaX341xyonQmCGlWq6T6CBDUlPMSF70U0UShAeoR1qGCsSJCrLxBzk8MkoXRrE0JTQcq78nMsSVGvLQdHKk+2rWG4n/ea1URxdBRkWSaiLwZFGUMqhjOIoDdqkkWLOhIQhLam6FuI9MFNqEVjQhuLMvz5N6peyelZ3b01L1chpHARyAQ3AMXHAOquAa1IAHMHgEz+AVvFlP1ov1bn1MWhes6cwe+APr8wf0hJaT</latexit>

L⇤ ⇠ UR2

⌫

Lien avec      ?
<latexit sha1_base64="dZOy/g+/2sFpVUknbj+UYn+izO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisxX5AG8pmO2mXbjZhdyOU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8NJME/YgOJQ85o8ZKjQb2yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1Uvauq+3BZqd3mcRThBE7hHDy4hhrcQx2awCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD2tsjUY=</latexit>

Re
<latexit sha1_base64="USwByq/RD4XL+ZLbRX9V9FOZQWY=">AAACE3icbVBNSyNBEO3x2/iVXY9eGoOgHsKMyK4nEdaDxyhGhUwINZ0a09jTM3RXC2HIf9jL/pW9eFDEqxdv/hs7Hwe/HhQ83quiql5SKGkpDF+DqemZ2bn5hcXK0vLK6lr1x88LmzsjsClylZurBCwqqbFJkhReFQYhSxReJjd/hv7lLRorc31O/QLbGVxrmUoB5KVOdfcMYyuzODUgytj08m1XjzUkCnbcoIyRID5GRcDdoFOthfVwBP6VRBNSYxM0OtWXuJsLl6EmocDaVhQW1C7BkBQKB5XYWSxA3MA1tjzVkKFtl6OfBnzLK12e5saXJj5S30+UkFnbzxLfmQH17GdvKH7ntRylB+1S6sIRajFelDrFKefDgHhXGhSk+p6AMNLfykUPfDzkY6z4EKLPL38lF3v16Fc9PN2vHR1O4lhgG2yTbbOI/WZH7IQ1WJMJ9pf9Z/fsIfgX3AWPwdO4dSqYzKyzDwie3wBUSp5t</latexit>

Re ⇠ ⇢(u.r)u

⌘�u

<latexit sha1_base64="6jAGc8409rKlQzlMDYyWkHTuMBs=">AAACE3icbVC7SgNBFJ2NrxhfUUubwSBIirAbRG2UgI1FihjMA7JJmJ3cTYbMPpiZFcKy/2Djr9hYKGJrY+ffOEm20MQDFw7n3Mu99zghZ1KZ5reRWVldW9/Ibua2tnd29/L7B00ZRIJCgwY8EG2HSODMh4ZiikM7FEA8h0PLGd9M/dYDCMkC/15NQuh6ZOgzl1GitNTPF+twZbuC0NgWowA3cL1XTmIbFMHVJHWqvWISV5N+vmCWzBnwMrFSUkApav38lz0IaOSBrygnUnYsM1TdmAjFKIckZ0cSQkLHZAgdTX3igezGs58SfKKVAXYDoctXeKb+noiJJ+XEc3SnR9RILnpT8T+vEyn3shszP4wU+HS+yI04VgGeBoQHTABVfKIJoYLpWzEdEZ2D0jHmdAjW4svLpFkuWecl8+6sULlO48iiI3SMTpGFLlAF3aIaaiCKHtEzekVvxpPxYrwbH/PWjJHOHKI/MD5/AOxxnY8=</latexit>

Re =
⇢UR2

⌘L
=

L⇤

L

<latexit sha1_base64="dYZws8b/CKkq47wfPkeCLPI+CHs=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSCIRdgVUSsJ2FikiGIekI1hdnJ3M2T2wcxdJYS0Nv6KjYUitv6BnX/j5FFo4oELh3Pu5d57vEQKjbb9bWUWFpeWV7KrubX1jc2t/PZOTcep4lDlsYxVw2MapIigigIlNBIFLPQk1L3e5civ34PSIo5usZ9AK2RBJHzBGRqpnac34EpJHeqWwUclgi4ypeIHWnaDgJbvjtr5gl20x6DzxJmSApmi0s5/uZ2YpyFEyCXTuunYCbYGTKHgEoY5N9WQMN5jATQNjVgIujUYfzKkB0bpUD9WpiKkY/X3xICFWvdDz3SGDLt61huJ/3nNFP3z1kBESYoQ8ckiP5UUYzqKhXaEAo6ybwjjSphbKe8yxTia8HImBGf25XlSOy46p0X7+qRQupjGkSV7ZJ8cEoeckRK5IhVSJZw8kmfySt6sJ+vFerc+Jq0ZazqzS/7A+vwBokOZAg==</latexit>

Re ⌧ 1 , L � L⇤

<latexit sha1_base64="T+ImpqiFG4IBXmDCEltv7iXhgWw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rROM1w==</latexit>

R
<latexit sha1_base64="sIFVHDhsJVtKSrL4jylAtvnTAcI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswbSFNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Q+mHGKQUwHkkecUWOlht8rV9yqOwdZJV5OKpCj3it/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6CSZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKmhdV76rqNi4rtds8jiKcwCmcgwfXUIN7qIMPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALGfjNo=</latexit>

U
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)
<latexit sha1_base64="FoWG/6oRPder8gEHdOQn2ozTZbI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHqSgBcPHiKaByRrmJ3MJkNmZ5eZXiEs+QQvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7S8srqWXy9sbG5t7xR39+omTjXjNRbLWDcDargUitdQoOTNRHMaBZI3gsH12G88cW1ErB5wmHA/oj0lQsEoWun+9vGkUyy5ZXcCski8GSnBDNVO8avdjVkacYVMUmNanpugn1GNgkk+KrRTwxPKBrTHW5YqGnHjZ5NTR+TIKl0SxtqWQjJRf09kNDJmGAW2M6LYN/PeWPzPa6UYXvqZUEmKXLHpojCVBGMy/pt0heYM5dASyrSwtxLWp5oytOkUbAje/MuLpH5a9s7L7t1ZqXI1iyMPB3AIx+DBBVTgBqpQAwY9eIZXeHOk8+K8Ox/T1pwzm9mHP3A+fwC86o1t</latexit>

L⇤

écoulement bouchon écoulement de Poiseuille

Bonus: longueur d’entrée dans un tube

<latexit sha1_base64="U0AnLAxGDtCtN+SWaHxq22Dt9wI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAiuSlKKupKCGxcuKpi20NQwmU7aoZNJmJlIS8iPuPFX3LhQxIUb8W+ctAG19cDAuefcy517/JhRqSzry1haXlldWy9tlDe3tnd2zb39lowSgYmDIxaJjo8kYZQTR1HFSCcWBIU+I21/dJn77XsiJI34rZrEpBeiAacBxUhpyTPriTd2A4Fw6sZIKIoY1Er2U40zV9IQznqcu1qWXmeeWbGq1hRwkdgFqYACTc/8cPsRTkLCFWZIyq5txaqX5iswI1nZTSSJER6hAelqylFIZC+dXpfBY630YRAJ/biCU/X3RIpCKSehrztDpIZy3svF/7xuooLzXkp5nCjC8WxRkDCoIphHBftUEKzYRBOEBdV/hXiIdA5KB1rWIdjzJy+SVq1qn1atm3qlcVHEUQKH4AicABucgQa4Ak3gAAwewBN4Aa/Go/FsvBnvs9Ylo5g5AH9gfH4DeAejXA==</latexit>

ux
@ux

@x
⇠ U2

L
<latexit sha1_base64="y7AmP9wZauiisN+BwmO3t2fXcLA=">AAACK3icbVDLSsNAFJ34rPUVdelmsAiuSlJEXUlRFy6rmLbQpGEynbRDJw9mJmIJ+R83/ooLXfjArf/hpA1SWw8MnHvOvdy5x4sZFdIwPrSFxaXlldXSWnl9Y3NrW9/ZbYoo4ZhYOGIRb3tIEEZDYkkqGWnHnKDAY6TlDS9zv3VPuKBReCdHMXEC1A+pTzGSSnL1C/uKMIlgYgsaQNvnCKd2jLikiHVrMHEfst8a8m4tm+qzsvRWKa5eMarGGHCemAWpgAINV3+xexFOAhJKzJAQHdOIpZPmSzAjWdlOBIkRHqI+6SgaooAIJx3fmsFDpfSgH3H1QgnH6vREigIhRoGnOgMkB2LWy8X/vE4i/TMnpWGcSBLiySI/YVBGMA8O9ignWLKRIghzqv4K8QCpHKSKt6xCMGdPnifNWtU8qRo3x5X6eRFHCeyDA3AETHAK6uAaNIAFMHgEz+ANvGtP2qv2qX1NWhe0YmYP/IH2/QNZoKhc</latexit>

�u ⇠ @2ux

@r2
⇠ U

R2



Re=7000

M. VanDyke, An Album of Fluid Motion



Re=7000

M. VanDyke, An Album of Fluid Motion

Visualisation de la couche limite autour d’un profil d’aile



Écoulements irrotationnels (potentiels) en dehors des couches limites

r^ u = 0 , u = r�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Le champ de vitesse dérive d’un potentiel



Loi de Bernoulli :



Loi de Bernoulli :



Loi de Bernoulli :



r
✓
⇢
@�

@t
+

1

2
⇢u2 + p+ ⇢gz

◆
= 0

<latexit sha1_base64="6mP2v4hytop5R6boOg1e9/6hm4o="></latexit>

Loi de Bernoulli :



⇢
@�

@t
+

1

2
⇢u2 + p+ ⇢gz = cte(t)

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

Loi de Bernoulli instationnaire

r
✓
⇢
@�

@t
+

1

2
⇢u2 + p+ ⇢gz

◆
= 0

<latexit sha1_base64="6mP2v4hytop5R6boOg1e9/6hm4o="></latexit>

Loi de Bernoulli :



p+
1

2
⇢u2 + ⇢gz = C

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

Loi de Bernoulli :

Loi de Bernoulli en écoulement stationnaire


