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La même expérience du point de vue de la vorticité
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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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2. Couche limite sur une plaque plane

L. Prandtl, H. Blasius, T. von Kármán (début XXe ↔  aviation) 
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<latexit sha1_base64="ABswJlcS51zdvdxFrg+ubNyYfrc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqictePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vc7z5RpVkkH00aU1/gsWQhI9jkUjJMb4fVmlt350CrxCtIDQq0htWvwSgiiaDSEI617ntubPwMK8MIp7PKINE0xmSKx7RvqcSCaj+b3zpDZ1YZoTBStqRBc/X3RIaF1qkIbKfAZqKXvVz8z+snJrz2MybjxFBJFovChCMTofxxNGKKEsNTSzBRzN6KyAQrTIyNp2JD8JZfXiWdi7rXqLsPl7XmTRFHGU7gFM7Bgytowj20oA0EJvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8A+mGOLw==</latexit>

uy?
<latexit sha1_base64="eHMucI0ZQLxDGssobtVViGGYvmc=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKgXpeDFYwVrC00om+2mXbrZhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDMvSDhT2nG+rcrS8srqWnW9trG5tb1j7+49qDiVhLZJzGPZDbCinAna1kxz2k0kxVHAaScY3xR+55FKxWJxrycJ9SM8FCxkBGsj9e0DT+CAY48MYu1FWI+CMEvzK6dv152GMwVaJG5J6lCi1be/vEFM0ogKTThWquc6ifYzLDUjnOY1L1U0wWSMh7RnqMARVX42fSBHx0YZoDCWpoRGU/X3RIYjpSZRYDqLG9W8V4j/eb1Uh5d+xkSSairIbFGYcqRjVKSBBkxSovnEEEwkM7ciMsISE20yq5kQ3PmXF8nDacM9bzh3Z/XmdRlHFQ7hCE7AhQtowi20oA0EcniGV3iznqwX6936mLVWrHJmH/7A+vwB7MmWmg==</latexit>

r · u = 0

<latexit sha1_base64="5Xibv/3IygyS4pKR8MR+xIwWpZI=">AAACK3icbVDLSsNAFJ34rPUVdelmsAiCUBIRdaMU3bisYB/QhDKZTtqhk0mYmUhDyP+48Vdc6MIHbv0PJ23A2npg4My5596Ze7yIUaks68NYWFxaXlktrZXXNza3ts2d3aYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOFNXm89ECFpyO9VEhE3QH1OfYqR0lLXvHZ8gXDqREgoihiMu6Ps9zbKjuGcIZkyJNml1TUrVtUaA84TuyAVUKDeNV+cXojjgHCFGZKyY1uRctN8JGYkKzuxJBHCQ9QnHU05Coh00/GuGTzUSg/6odCHKzhWpztSFEiZBJ52BkgN5GwtF/+rdWLlX7gp5VGsCMeTh/yYQRXCPDjYo4JgxRJNEBZU/xXiAdLZKB1vWYdgz648T5onVfusat2dVmpXRRwlsA8OwBGwwTmogVtQBw2AwSN4Bm/g3XgyXo1P42tiXTCKnj3wB8b3D2cwqPY=</latexit>

@ux

@x
+

@uy

@y
= 0

<latexit sha1_base64="URUPogtnOw5zNBivy2LtlnMA0sI=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6koKblxWMG2hCWEymbRDJ5MwMxFDyN6Nv+LGhSJu/QF3/o3TNgttPXDhzDn3MveeIGVUKsv6Nmorq2vrG/XNxtb2zu6euX/Qk0kmMHFwwhIxCJAkjHLiKKoYGaSCoDhgpB9Mrqd+/54ISRN+p/KUeDEacRpRjJSWfLPpRgLhwimLh9KVNIbzd+bnZeGGhClU+mbLalszwGViV6QFKnR988sNE5zFhCvMkJRD20qVVyChKGakbLiZJCnCEzQiQ005ion0itktJTzWSgijROjiCs7U3xMFiqXM40B3xkiN5aI3Ff/zhpmKLr2C8jRThOP5R1HGoErgNBgYUkGwYrkmCAuqd4V4jHQYSsfX0CHYiycvk95p2z5vW7dnrc5VFUcdHIEmOAE2uAAdcAO6wAEYPIJn8ArejCfjxXg3PuatNaOaOQR/YHz+AK/5nBU=</latexit>

U

x
⇠ uy

�

<latexit sha1_base64="QdY3MCR6Dc9ke/pSH99eqCppXcw=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJVERD1JwYvHCqYtNCFsNpt26W4SdjdiCMGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLUkalsqxvo7a0vLK6Vl9vbGxube+Yu3tdmWQCEwcnLBH9AEnCaEwcRRUj/VQQxANGesH4euL37omQNInvVJ4Sj6NhTCOKkdKSbx5kfu5KyqEbCYQLNyRMobJ4KB3fbFotawq4SOyKNEGFjm9+uWGCM05ihRmScmBbqfIKJBTFjJQNN5MkRXiMhmSgaYw4kV4xfaGEx1oJYZQIXbGCU/X3RIG4lDkPdCdHaiTnvYn4nzfIVHTpFTROM0ViPFsUZQyqBE7ygCEVBCuWa4KwoPpWiEdIZ6F0ag0dgj3/8iLpnrbs85Z1e9ZsX1Vx1MEhOAInwAYXoA1uQAc4AINH8AxewZvxZLwY78bHrLVmVDP74A+Mzx8GGZfT</latexit>

uy ⇠ �

x
U

<latexit sha1_base64="0gNzpJyxx+zEVvcA1HKkcvqAB0c="></latexit>

uy ⌧ U , � ⌧ x , x � L⇤ =
⌫

U

Profil de Blasius

<latexit sha1_base64="pBd4ZMZ++PUOAZhD1QC3/kDT7uc=">AAACDnicbVC7SgNBFJ31bXxFLW0GQ8Aq7IqojRKwsbCIYh6QDWF2cnczODu7zNxVwpIvsPFXbCwUsbW282+cPApfBy4czrmXe+8JUikMuu6nMzM7N7+wuLRcWFldW98obm41TJJpDnWeyES3AmZACgV1FCihlWpgcSChGdycjfzmLWgjEnWNgxQ6MYuUCAVnaKVusexfQIhaRH1kWid3fqgZz+sXw9xX2fDkCvwool63WHIr7hj0L/GmpESmqHWLH34v4VkMCrlkxrQ9N8VOzjQKLmFY8DMDKeM3LIK2pYrFYDr5+J0hLVulR8NE21JIx+r3iZzFxgziwHbGDPvmtzcS//PaGYbHnVyoNENQfLIozCTFhI6yoT2hgaMcWMK4FvZWyvvMBoI2wYINwfv98l/S2K94hxX38qBUPZ3GsUR2yC7ZIx45IlVyTmqkTji5J4/kmbw4D86T8+q8TVpnnOnMNvkB5/0Lw0OchQ==</latexit>

, UL

⌫
= Re � 1



2. Couche limite sur une plaque plane

<latexit sha1_base64="ouRVc3RIAD/U9kq8t6IFPzKJZ68=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoMQm3gnolYSsLFUMBrIxbC3mUuW7O0du3NiOO532PhXbCwUsRMb/42bmEKNDwYe780wMy9IpDDoup9OYWZ2bn6huFhaWl5ZXSuvb1yZONUcGjyWsW4GzIAUChooUEIz0cCiQMJ1MDgd+de3oI2I1SUOE2hHrKdEKDhDK3XKnt8Fiax6t+sbEVFfQohVP9SMZ75K6V2eNXLqa9Hr4+5N5u3t551yxa25Y9Bp4k1IhUxw3im/+92YpxEo5JIZ0/LcBNsZ0yi4hLzkpwYSxgesBy1LFYvAtLPxazndsUqXhrG2pZCO1Z8TGYuMGUaB7YwY9s1fbyT+57VSDI/bmVBJiqD496IwlRRjOsqJdoUGjnJoCeNa2Fsp7zObC9o0SzYE7+/L0+Rqv+Yd1tyLg0r9ZBJHkWyRbVIlHjkidXJGzkmDcHJPHskzeXEenCfn1Xn7bi04k5lN8gvOxxdu6qB4</latexit>

�(x) ⇠
⇣⌫x
U

⌘1/2
<latexit sha1_base64="mwszGqC9cQfPUFsVJfj+re17tzU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQTEfWiFLx4rGDaQhvKZrtpl26yYXeiLaFe/CtePCji1X/hzX/j9uOgrQ8GHu/NMDMvSATX4DjfVm5hcWl5Jb9aWFvf2Nyyt3eqWqaKMo9KIVU9IJoJHjMPOAhWTxQjUSBYLehdj/zaPVOay/gOBgnzI9KJecgpASO17L1+U7AQFO90gSglHzDgS9w/9lp20Sk5Y+B54k5JEU1RadlfzbakacRioIJo3XCdBPyMKOBUsGGhmWqWENojHdYwNCYR0342/mCID43SxqFUpmLAY/X3REYirQdRYDojAl09643E/7xGCuGFn/E4SYHFdLIoTAUGiUdx4DZXjIIYGEKo4uZWTLtEEQomtIIJwZ19eZ5UT0ruWcm5PS2Wr6Zx5NE+OkBHyEXnqIxuUAV5iKJH9Ixe0Zv1ZL1Y79bHpDVnTWd20R9Ynz/O+ZZx</latexit>

x $ t = x/U

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

U

<latexit sha1_base64="kSvjaXnp81WiSair379fJTTAKrM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzvzThBP6IDyUPOqLFS/alXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU358F5cd6dj3nripPPHMEfOJ8/5quM/Q==</latexit>x

<latexit sha1_base64="8auNQrYub8UunW2Z1WJ09/U+oHE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmO2nXbjZhdyOE0l/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MFmCfkSHkoecUWOlRtYvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NPqDKcCZyWeqnGhLIxHWLXUkkj1P5kfuiUnFllQMJY2ZKGzNXfExMaaZ1Fge2MqBnpZW8m/ud1UxPe+BMuk9SgZItFYSqIicnsazLgCpkRmSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVu6q6jctK7TaPowgncArn4ME11OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/6C+M/g==</latexit>y
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)

Traînée ? Cisaillement sur 
<latexit sha1_base64="Q/QNYMYMp7gE1w4FoExLaXastZo=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPUnBi8cK9gPaUDabSbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHKmjed9Oyura+sbm6Wt8vbO7t5+5eCwpWWmKDap5FJ1QqKRM4FNwwzHTqqQJCHHdji6nfrtJ1SaSfFgxikGCRkIFjNKjJVavQi5If1K1at5M7jLxC9IFQo0+pWvXiRplqAwlBOtu76XmiAnyjDKcVLuZRpTQkdkgF1LBUlQB/ns2ol7apXIjaWyJYw7U39P5CTRepyEtjMhZqgXvan4n9fNTHwd5EykmUFB54vijLtGutPX3YgppIaPLSFUMXurS4dEEWpsQGUbgr/48jJpndf8y5p3f1Gt3xRxlOAYTuAMfLiCOtxBA5pA4RGe4RXeHOm8OO/Ox7x1xSlmjuAPnM8fkf6PHQ==</latexit>

�
<latexit sha1_base64="UDH/oQqo+o9toWSV8xYRWN53p+Q="></latexit>

�xy ⇠ ⌘
U

�
⇠ (⌘⇢)1/2U3/2

L1/2

<latexit sha1_base64="A74aBKsg3su9BWQqv6EeGhATfH0="></latexit>

T ⇠ �xyWL ⇠ (⌘⇢L)1/2U3/2W traînée de friction



2. Couche limite sur une plaque plane

<latexit sha1_base64="ouRVc3RIAD/U9kq8t6IFPzKJZ68=">AAACGnicbVA9SwNBEN2LXzF+RS1tFoMQm3gnolYSsLFUMBrIxbC3mUuW7O0du3NiOO532PhXbCwUsRMb/42bmEKNDwYe780wMy9IpDDoup9OYWZ2bn6huFhaWl5ZXSuvb1yZONUcGjyWsW4GzIAUChooUEIz0cCiQMJ1MDgd+de3oI2I1SUOE2hHrKdEKDhDK3XKnt8Fiax6t+sbEVFfQohVP9SMZ75K6V2eNXLqa9Hr4+5N5u3t551yxa25Y9Bp4k1IhUxw3im/+92YpxEo5JIZ0/LcBNsZ0yi4hLzkpwYSxgesBy1LFYvAtLPxazndsUqXhrG2pZCO1Z8TGYuMGUaB7YwY9s1fbyT+57VSDI/bmVBJiqD496IwlRRjOsqJdoUGjnJoCeNa2Fsp7zObC9o0SzYE7+/L0+Rqv+Yd1tyLg0r9ZBJHkWyRbVIlHjkidXJGzkmDcHJPHskzeXEenCfn1Xn7bi04k5lN8gvOxxdu6qB4</latexit>

�(x) ⇠
⇣⌫x
U

⌘1/2
<latexit sha1_base64="mwszGqC9cQfPUFsVJfj+re17tzU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQTEfWiFLx4rGDaQhvKZrtpl26yYXeiLaFe/CtePCji1X/hzX/j9uOgrQ8GHu/NMDMvSATX4DjfVm5hcWl5Jb9aWFvf2Nyyt3eqWqaKMo9KIVU9IJoJHjMPOAhWTxQjUSBYLehdj/zaPVOay/gOBgnzI9KJecgpASO17L1+U7AQFO90gSglHzDgS9w/9lp20Sk5Y+B54k5JEU1RadlfzbakacRioIJo3XCdBPyMKOBUsGGhmWqWENojHdYwNCYR0342/mCID43SxqFUpmLAY/X3REYirQdRYDojAl09643E/7xGCuGFn/E4SYHFdLIoTAUGiUdx4DZXjIIYGEKo4uZWTLtEEQomtIIJwZ19eZ5UT0ruWcm5PS2Wr6Zx5NE+OkBHyEXnqIxuUAV5iKJH9Ixe0Zv1ZL1Y79bHpDVnTWd20R9Ynz/O+ZZx</latexit>

x $ t = x/U

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

U

<latexit sha1_base64="kSvjaXnp81WiSair379fJTTAKrM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzvzThBP6IDyUPOqLFS/alXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU358F5cd6dj3nripPPHMEfOJ8/5quM/Q==</latexit>x

<latexit sha1_base64="8auNQrYub8UunW2Z1WJ09/U+oHE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmO2nXbjZhdyOE0l/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MFmCfkSHkoecUWOlRtYvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NPqDKcCZyWeqnGhLIxHWLXUkkj1P5kfuiUnFllQMJY2ZKGzNXfExMaaZ1Fge2MqBnpZW8m/ud1UxPe+BMuk9SgZItFYSqIicnsazLgCpkRmSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVu6q6jctK7TaPowgncArn4ME11OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/6C+M/g==</latexit>y
<latexit sha1_base64="0Fc/gzFw/NY27iMjS7290kIz/5E=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD1JwYvHCvZD2qVks7NtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VRSaNOax6gREA2cSmoYZDp1EAREBh3Ywupn67UdQmsXy3owT8AUZSBYxSoyVHnohcEOqT6f9csWtuTPgZeLlpIJyNPrlr14Y01SANJQTrbuemxg/I8owymFS6qUaEkJHZABdSyURoP1sdvAEn1glxFGsbEmDZ+rviYwIrccisJ2CmKFe9Kbif143NdGVnzGZpAYknS+KUo5NjKff45ApoIaPLSFUMXsrpkOiCDU2o5INwVt8eZm0zmreRc29O6/Ur/M4iugIHaMq8tAlqqNb1EBNRJFAz+gVvTnKeXHenY95a8HJZw7RHzifPzmKkAQ=</latexit>

�(x)

<latexit sha1_base64="ronaG1JK3ZTzDa73PpfKcEi08oA=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5IUUS9KoRcPHio0baGJYbPdtEs32bC7EUvowYt/xYsHRbz6I7z5b9y2OWjrg4HHezPMzAsSRqWyrG+jsLK6tr5R3Cxtbe/s7pn7B23JU4GJgznjohsgSRiNiaOoYqSbCIKigJFOMGpM/c49EZLyuKXGCfEiNIhpSDFSWvLNcuuy4T+4oUA4sydZbeKKIYfOXQ12bnyzYlWtGeAysXNSATmavvnl9jlOIxIrzJCUPdtKlJchoShmZFJyU0kShEdoQHqaxigi0stmT0zgsVb6MORCV6zgTP09kaFIynEU6M4IqaFc9Kbif14vVeGFl9E4SRWJ8XxRmDKoOJwmAvtUEKzYWBOEBdW3QjxEOhClcyvpEOzFl5dJu1a1z6rW7WmlfpXHUQRlcAROgA3OQR1cgyZwAAaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz8mGJcd</latexit>

T = Cx
1

2
⇢U2WL

Coefficient de traînée

<latexit sha1_base64="80qFyiTCaysFoo8QEWP5e0pbAU8=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpSQFAROqxMLAUKSmrdSkleM6rVU7iWwHqYo6s/ArLAwgxMoXsPE3uG0GaDnS1T06517Z9/gxo1JZ1reRW1peWV3Lrxc2Nre2d8zdvYaMEoGJgyMWiZaPJGE0JI6iipFWLAjiPiNNf3gz8ZsPREgahXU1ionHUT+kAcVIaalrHtZdSTksuUQh6IpBBO9OOql9Whk7nfRMt2bXLFplawq4SOyMFEGGWtf8cnsRTjgJFWZIyrZtxcpLkVAUMzIuuIkkMcJD1CdtTUPEifTS6SljeKyVHgwioStUcKr+3kgRl3LEfT3JkRrIeW8i/ue1ExVceSkN40SREM8eChIGVQQnucAeFQQrNtIEYUH1XyEeIIGw0ukVdAj2/MmLpFEp2xdl6/68WL3O4siDA3AESsAGl6AKbkENOACDR/AMXsGb8WS8GO/Gx2w0Z2Q7++APjM8fLB2YpQ==</latexit>

T ⇠ (⌘⇢L)1/2U3/2W

<latexit sha1_base64="6rhTgFqwf/j22QvOjWXsao3U7js="></latexit>

Cx ⇠
✓

⌘

⇢UL

◆1/2

⇠ 1

Re1/2



2. Couche limite sur une plaque plane
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-1/2

calcul Blasius

<latexit sha1_base64="3GvCa68xAL0FKYoqk0dPUmRzTos=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiZF1JUUunFZxT6giWUynbRDZyZhZiKWENz4K25cKOLWr3Dn3zhts9DWAxcO59zLvfcEMaNKO863tbC4tLyyWlgrrm9sbm3bO7tNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtIJhbey37olUNBK3ehQTn6O+oCHFSBupa+/Xug+eotwLJcKpm6U35C51TypZ1rVLTtmZAM4TNyclkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGsqKXKBIjPER90jFUIE6Un05eyOCRUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6vPBTKuJEE4Gni8KEQR3BcR6wRyXBmo0MQVhScyvEA2TC0Ca1ognBnX15njQrZfes7FyflqqXeRwFcAAOwTFwwTmogitQBw2AwSN4Bq/gzXqyXqx362PaumDlM3vgD6zPH+55lx0=</latexit>

Cx ⇠ 1

Re1/2

<latexit sha1_base64="iqqK2Cma9yT2Y/3RyHHx2VSh5VA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lE1ItS8OLBQxXTFppQNttJu3SzCbsbpcT8FC8eFPHqL/Hmv3Hb5qCtDwYe780wMy9IGJXKtr+N0tLyyupaeb2ysbm1vWNWd1syTgUBl8QsFp0AS2CUg6uoYtBJBOAoYNAORlcTv/0AQtKY36txAn6EB5yGlGClpZ5ZvYMLLxSYZO5Nnnk8zXtmza7bU1iLxClIDRVo9swvrx+TNAKuCMNSdh07UX6GhaKEQV7xUgkJJiM8gK6mHEcg/Wx6em4daqVvhbHQxZU1VX9PZDiSchwFujPCaijnvYn4n9dNVXjuZ5QnqQJOZovClFkqtiY5WH0qgCg21gQTQfWtFhliHYTSaVV0CM78y4ukdVx3Tuv27UmtcVnEUUb76AAdIQedoQa6Rk3kIoIe0TN6RW/Gk/FivBsfs9aSUczsoT8wPn8AYFaUEg==</latexit>

Re =
UL

⌫

<latexit sha1_base64="twT1bvC55tJVto6MEhIJr2pJ0IM=">AAACDnicbZC9TsMwFIWd8lfKX4CRxaKqxFQlFQIWUKUuDAxFatpKbYgc12mtOk5kO4gqyhOw8CosDCDEyszG2+C2GaDlSJY+nXuvru/xY0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGSUCEwdHLBJdH0nCKCeOooqRbiwICn1GOv64Ma137omQNOItNYmJG6IhpwHFSGnLMysN7+ES9gOBcNrK0jnYWVrL+mIUQeeuBm86mWeWrao1E1wGO4cyyNX0zK/+IMJJSLjCDEnZs61YuSkSimJGslI/kSRGeIyGpKeRo5BIN52dk8GKdgYwiIR+XMGZ+3siRaGUk9DXnSFSI7lYm5r/1XqJCi7clPI4UYTj+aIgYVBFcJoNHFBBsGITDQgLqv8K8QjpRJROsKRDsBdPXoZ2rWqfVa3b03L9Ko+jCI7AMTgBNjgHdXANmsABGDyCZ/AK3own48V4Nz7mrQUjnzkEf2R8/gAt+5uJ</latexit>

Cx =
T

1
2⇢U

2LW



2. Couche limite sur une plaque plane

Rappel:  si 
<latexit sha1_base64="YoUfhqwxB8clhl+viyUgkIutYQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpePFYxX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZK7QfsCUG8frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzcKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gB4/o79</latexit>

Re ⌧ 1

<latexit sha1_base64="9Q4r38E5zqkthwmYmEJDlXjHAP4=">AAACF3icbVDJSgNBEO1xjXGLevTSGARPYUZEPUkgFw8eYsgGmRB6OjVJk56F7ho1DPkLL/6KFw+KeNWbf2NnOWjig4LHe1VU1fNiKTTa9re1tLyyurae2chubm3v7Ob29us6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDUpjv3EHSosorOIwhnbAeqHwBWdopE6uUHW1CKgLyGiN3rgV0esjUyq6p6XOw9TzFeOpM0orMOrk8nbBnoAuEmdG8mSGcif35XYjngQQIpdM65Zjx9hOmULBJYyybqIhZnzAetAyNGQB6HY6+WtEj43SpX6kTIVIJ+rviZQFWg8Dz3QGDPt63huL/3mtBP3LdirCOEEI+XSRn0iKER2HRLtCAUc5NIRxJcytlPeZiQFNlFkTgjP/8iKpnxac84J9e5YvXs3iyJBDckROiEMuSJFckzKpEU4eyTN5JW/Wk/VivVsf09YlazZzQP7A+vwBO5ufXA==</latexit>

T ⇠ ⌘UL ) Cx ⇠ 1

Re



2. Couche limite sur une plaque plane

Rappel:  si 
<latexit sha1_base64="YoUfhqwxB8clhl+viyUgkIutYQA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpePFYxX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZK7QfsCUG8frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzcKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gB4/o79</latexit>

Re ⌧ 1

<latexit sha1_base64="9Q4r38E5zqkthwmYmEJDlXjHAP4=">AAACF3icbVDJSgNBEO1xjXGLevTSGARPYUZEPUkgFw8eYsgGmRB6OjVJk56F7ho1DPkLL/6KFw+KeNWbf2NnOWjig4LHe1VU1fNiKTTa9re1tLyyurae2chubm3v7Ob29us6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDUpjv3EHSosorOIwhnbAeqHwBWdopE6uUHW1CKgLyGiN3rgV0esjUyq6p6XOw9TzFeOpM0orMOrk8nbBnoAuEmdG8mSGcif35XYjngQQIpdM65Zjx9hOmULBJYyybqIhZnzAetAyNGQB6HY6+WtEj43SpX6kTIVIJ+rviZQFWg8Dz3QGDPt63huL/3mtBP3LdirCOEEI+XSRn0iKER2HRLtCAUc5NIRxJcytlPeZiQFNlFkTgjP/8iKpnxac84J9e5YvXs3iyJBDckROiEMuSJFckzKpEU4eyTN5JW/Wk/VivVsf09YlazZzQP7A+vwBO5ufXA==</latexit>

T ⇠ ⌘UL ) Cx ⇠ 1

Re

<latexit sha1_base64="SoF5vLWnQc5zuWLPQZChnNxMVOg=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGwCrsiaiUBGwuLKOYB2SXMTu4mQ2YfzNxVwpLexl+xsVDE1h+w82+cPApNPHDhcM693HuPn0ih0ba/rdzS8srqWn69sLG5tb1T3N1r6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Epj+4HPvNe1BaxNEdDhPwQtaLRCA4QyN1iqVbcKWkjnsNASrR6yNTKn6gbhckMupqEXaKZbtiT0AXiTMjZTJDrVP8crsxT0OIkEumdduxE/QyplBwCaOCm2pIGB+wHrQNjVgI2ssmv4zooVG6NIiVqQjpRP09kbFQ62Hom86QYV/Pe2PxP6+dYnDuZSJKUoSITxcFqaQY03EwtCsUcJRDQxhXwtxKeZ8pxtHEVzAhOPMvL5LGccU5rdg3J+XqxSyOPDkgJXJEHHJGquSK1EidcPJInskrebOerBfr3fqYtuas2cw++QPr8weE55q3</latexit>

Re ⌧ 1 , � ⇠ taille du système

<latexit sha1_base64="QvXqjE5ekaC4JE14Ia9jhQCCKNw=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwCrsiaiUBGwuLKOYB2RBmJ3c3Q2YfzNxVQkht46/YWChi6xfY+TdOHoUmHrhwOOde7r3HT6XQ6DjfVm5hcWl5Jb9aWFvf2Nyyt3dqOskUhypPZKIaPtMgRQxVFCihkSpgkS+h7vcuR379HpQWSXyH/RRaEQtjEQjO0Ehte/8WvDCkrncNASoRdpEplTxQrwMSGfWkbNtFp+SMQeeJOyVFMkWlbX95nYRnEcTIJdO66ToptgZMoeAShgUv05Ay3mMhNA2NWQS6NRi/MqSHRunQIFGmYqRj9ffEgEVa9yPfdEYMu3rWG4n/ec0Mg/PWQMRphhDzyaIgkxQTOsqFdoQCjrJvCONKmFsp7zLFOJr0CiYEd/bleVI7LrmnJefmpFi+mMaRJ3vkgBwRl5yRMrkiFVIlnDySZ/JK3qwn68V6tz4mrTlrOrNL/sD6/AGXu5oy</latexit>

Re � 1 , � ⌧ taille du système



Bonus: longueur d’entrée dans un tube

<latexit sha1_base64="NMsB/XZ84bw980eD3W4qDPMD+UM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIetKCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epPHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/kEeMxA==</latexit>

?

<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="HCHNEo5SQvMX1gRMSszAUo5FRo8=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWknAxsIiAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++2srK6tb2wWtorbO7t7+6WDw6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrdTv/WESvNYPphxgn5EB5KHnFFjpfp9r1R2K+4MZJl4OSlDjlqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbohJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jXpc4XMiLEllClubyVsSBVlxmZTtCF4iy8vk+Z5xbusuPWLcvUmj6MAx3ACZ+DBFVThDmrQAAYIz/AKb86j8+K8Ox/z1hUnnzmCP3A+fwCj+4zR</latexit>

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⇤

Bonus: longueur d’entrée dans un tube



<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

⌫

<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



L’explication à la Bernoulli

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>

�

<latexit sha1_base64="+VKucry2xu1d47EVc67mAsjeu4o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJQkjyQ=</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>

Clap

q

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



L’explication à la Bernoulli

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>

�

<latexit sha1_base64="+VKucry2xu1d47EVc67mAsjeu4o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJQkjyQ=</latexit>

R

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

si            couche limite négligeable  h � �

<latexit sha1_base64="Z9l7PJVWMC7rjwPgXKlhPO9iewc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyR8FwiIOYCSCDesNtunPgVeKVpIFKtAf1ryBWNE+ZBCqIMb7nZhAWRAOngk1rQW5YRuiYDJlvqSQpM2ExP3mKz6wS40RpWxLwXP09UZDUmEka2c6UwMgsezPxP8/PIbkJCy6zHJiki0VJLjAoPPsfx1wzCmJiCaGa21sxHRFNKNiUajYEb/nlVdK9aHqXzauHy0brtoyjik7QKTpHHrpGLXSP2qiDKFLoGb2iNwecF+fd+Vi0Vpxy5hj9gfP5A+zokQg=</latexit>

couche limite: � ⇠
p

⌫R/U

<latexit sha1_base64="zfcS/dm0SqlwvH6oDu/CI8Ia1G0=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBKt5JRMugjWUU8wG5EPY2e8mS3b1zd04IR7Dxr9hYKGLrr7Dz37hJrtDEBwOP92aYmRfEghtw3W9nYXFpeWU1t5Zf39jc2i7s7NZNlGjKajQSkW4GxDDBFasBB8GasWZEBoI1gsHV2G88MG14pO5gGLO2JD3FQ04JWKlT2Pe7TADxDZfYN/caUl8l+PakNuoUim7JnQDPEy8jRZSh2il8+d2IJpIpoIIY0/LcGNop0cCpYKO8nxgWEzogPdayVBHJTDudvDDCR1bp4jDSthTgifp7IiXSmKEMbKck0Dez3lj8z2slEF60U67iBJii00VhIjBEeJwH7nLNKIihJYRqbm/FtE80oWBTy9sQvNmX50n9tOSVS2c35WLlMosjhw7QITpGHjpHFXSNqqiGKHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QP8dpcr</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>

q

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

Clap



L’explication à la Bernoulli

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>

�

<latexit sha1_base64="+VKucry2xu1d47EVc67mAsjeu4o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJQkjyQ=</latexit>

R

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

si            couche limite négligeable  h � �

<latexit sha1_base64="Z9l7PJVWMC7rjwPgXKlhPO9iewc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyR8FwiIOYCSCDesNtunPgVeKVpIFKtAf1ryBWNE+ZBCqIMb7nZhAWRAOngk1rQW5YRuiYDJlvqSQpM2ExP3mKz6wS40RpWxLwXP09UZDUmEka2c6UwMgsezPxP8/PIbkJCy6zHJiki0VJLjAoPPsfx1wzCmJiCaGa21sxHRFNKNiUajYEb/nlVdK9aHqXzauHy0brtoyjik7QKTpHHrpGLXSP2qiDKFLoGb2iNwecF+fd+Vi0Vpxy5hj9gfP5A+zokQg=</latexit>

couche limite: � ⇠
p

⌫R/U

<latexit sha1_base64="zfcS/dm0SqlwvH6oDu/CI8Ia1G0=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBKt5JRMugjWUU8wG5EPY2e8mS3b1zd04IR7Dxr9hYKGLrr7Dz37hJrtDEBwOP92aYmRfEghtw3W9nYXFpeWU1t5Zf39jc2i7s7NZNlGjKajQSkW4GxDDBFasBB8GasWZEBoI1gsHV2G88MG14pO5gGLO2JD3FQ04JWKlT2Pe7TADxDZfYN/caUl8l+PakNuoUim7JnQDPEy8jRZSh2il8+d2IJpIpoIIY0/LcGNop0cCpYKO8nxgWEzogPdayVBHJTDudvDDCR1bp4jDSthTgifp7IiXSmKEMbKck0Dez3lj8z2slEF60U67iBJii00VhIjBEeJwH7nLNKIihJYRqbm/FtE80oWBTy9sQvNmX50n9tOSVS2c35WLlMosjhw7QITpGHjpHFXSNqqiGKHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QP8dpcr</latexit>

Patm

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

conservation du débit: 

r0

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

q

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

u(r) =
q

2⇡rh

<latexit sha1_base64="l1dtNWhuyAUKFniXs5COH8Tb3w0=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkpSKroRim5cVrAPaEKZTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfxtLyyuraemGjuLm1vbNr7u23ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU/89gMVkkXhnRrH1A3wIGQ+I1hpqWceJmVxii6R4wtM0vssrToxQwINs55ZsirWFGiR2DkpQY5Gz/xy+hFJAhoqwrGUXduKlZtioRjhNCs6iaQxJiM8oF1NQxxQ6abTFzJ0opU+8iOhK1Roqv6eSHEg5TjwdGeA1VDOexPxP6+bKP/CTVkYJ4qGZLbITzhSEZrkgfpMUKL4WBNMBNO3IjLEOgylUyvqEOz5lxdJq1qxa5Wz21qpfpXHUYAjOIYy2HAOdbiBBjSBwCM8wyu8GU/Gi/FufMxal4x85gD+wPj8AX6xljw=</latexit>

Clap



L’explication à la Bernoulli

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>

�

<latexit sha1_base64="+VKucry2xu1d47EVc67mAsjeu4o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJQkjyQ=</latexit>

R

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

si            couche limite négligeable  h � �

<latexit sha1_base64="Z9l7PJVWMC7rjwPgXKlhPO9iewc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyR8FwiIOYCSCDesNtunPgVeKVpIFKtAf1ryBWNE+ZBCqIMb7nZhAWRAOngk1rQW5YRuiYDJlvqSQpM2ExP3mKz6wS40RpWxLwXP09UZDUmEka2c6UwMgsezPxP8/PIbkJCy6zHJiki0VJLjAoPPsfx1wzCmJiCaGa21sxHRFNKNiUajYEb/nlVdK9aHqXzauHy0brtoyjik7QKTpHHrpGLXSP2qiDKFLoGb2iNwecF+fd+Vi0Vpxy5hj9gfP5A+zokQg=</latexit>

couche limite: � ⇠
p

⌫R/U

<latexit sha1_base64="zfcS/dm0SqlwvH6oDu/CI8Ia1G0=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBKt5JRMugjWUU8wG5EPY2e8mS3b1zd04IR7Dxr9hYKGLrr7Dz37hJrtDEBwOP92aYmRfEghtw3W9nYXFpeWU1t5Zf39jc2i7s7NZNlGjKajQSkW4GxDDBFasBB8GasWZEBoI1gsHV2G88MG14pO5gGLO2JD3FQ04JWKlT2Pe7TADxDZfYN/caUl8l+PakNuoUim7JnQDPEy8jRZSh2il8+d2IJpIpoIIY0/LcGNop0cCpYKO8nxgWEzogPdayVBHJTDudvDDCR1bp4jDSthTgifp7IiXSmKEMbKck0Dez3lj8z2slEF60U67iBJii00VhIjBEeJwH7nLNKIihJYRqbm/FtE80oWBTy9sQvNmX50n9tOSVS2c35WLlMosjhw7QITpGHjpHFXSNqqiGKHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QP8dpcr</latexit>

Patm

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

conservation du débit: 

Bernoulli: P (r) +
1

2
⇢u2(r) = Patm

<latexit sha1_base64="/8eS8Gu/lgInekGUd5ADmk6BYbQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsCCUpFd0IRTcuI9gHNDFMppN26OTBzEQoIZ/gxl9x40IRty7d+TdO2iy09cCFwzn3cu89XsyokIbxrZWWlldW18rrlY3Nre0dfXevI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre+Dr3uw+ECxqFd3ISEydAw5D6FCOpJFc/tmr8BJ5C2+cIp2aWNjKbjyKY3Ddy4xJabopkkLl61agbU8BFYhakCgpYrv5lDyKcBCSUmCEh+qYRSydFXFLMSFaxE0FihMdoSPqKhiggwkmnD2XwSCkD6EdcVSjhVP09kaJAiEngqc4AyZGY93LxP6+fSP/CSWkYJ5KEeLbITxiUEczTgQPKCZZsogjCnKpbIR4hFY1UGVZUCOb8y4uk06ibzfrZbbPauiriKIMDcAhqwATnoAVugAXaAINH8AxewZv2pL1o79rHrLWkFTP74A+0zx9jXZr1</latexit>

r0

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

q

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

P (r) = Patm � ⇢

8⇡2

⇣ q

hr

⌘2

<latexit sha1_base64="ZcJ/js80+OlwiwOu6LhDfjMCSzY="></latexit>

u(r) =
q

2⇡rh

<latexit sha1_base64="l1dtNWhuyAUKFniXs5COH8Tb3w0=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkpSKroRim5cVrAPaEKZTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfxtLyyuraemGjuLm1vbNr7u23ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU/89gMVkkXhnRrH1A3wIGQ+I1hpqWceJmVxii6R4wtM0vssrToxQwINs55ZsirWFGiR2DkpQY5Gz/xy+hFJAhoqwrGUXduKlZtioRjhNCs6iaQxJiM8oF1NQxxQ6abTFzJ0opU+8iOhK1Roqv6eSHEg5TjwdGeA1VDOexPxP6+bKP/CTVkYJ4qGZLbITzhSEZrkgfpMUKL4WBNMBNO3IjLEOgylUyvqEOz5lxdJq1qxa5Wz21qpfpXHUYAjOIYy2HAOdbiBBjSBwCM8wyu8GU/Gi/FufMxal4x85gD+wPj8AX6xljw=</latexit>

Clap



L’explication à la Bernoulli

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>

�

<latexit sha1_base64="+VKucry2xu1d47EVc67mAsjeu4o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9SImkPTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16qX97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AJQkjyQ=</latexit>

R

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

si            couche limite négligeable  h � �

<latexit sha1_base64="Z9l7PJVWMC7rjwPgXKlhPO9iewc=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDabTbt0sxt2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelAluwHW/ncra+sbmVnW7trO7t39QPzzqGpVryjpUCaX7ETFMcMk6wEGwfqYZSSPBetH4bub3npg2XMlHmGQsTMlQ8oRTAlbyR8FwiIOYCSCDesNtunPgVeKVpIFKtAf1ryBWNE+ZBCqIMb7nZhAWRAOngk1rQW5YRuiYDJlvqSQpM2ExP3mKz6wS40RpWxLwXP09UZDUmEka2c6UwMgsezPxP8/PIbkJCy6zHJiki0VJLjAoPPsfx1wzCmJiCaGa21sxHRFNKNiUajYEb/nlVdK9aHqXzauHy0brtoyjik7QKTpHHrpGLXSP2qiDKFLoGb2iNwecF+fd+Vi0Vpxy5hj9gfP5A+zokQg=</latexit>

couche limite: � ⇠
p

⌫R/U

<latexit sha1_base64="zfcS/dm0SqlwvH6oDu/CI8Ia1G0=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBKt5JRMugjWUU8wG5EPY2e8mS3b1zd04IR7Dxr9hYKGLrr7Dz37hJrtDEBwOP92aYmRfEghtw3W9nYXFpeWU1t5Zf39jc2i7s7NZNlGjKajQSkW4GxDDBFasBB8GasWZEBoI1gsHV2G88MG14pO5gGLO2JD3FQ04JWKlT2Pe7TADxDZfYN/caUl8l+PakNuoUim7JnQDPEy8jRZSh2il8+d2IJpIpoIIY0/LcGNop0cCpYKO8nxgWEzogPdayVBHJTDudvDDCR1bp4jDSthTgifp7IiXSmKEMbKck0Dez3lj8z2slEF60U67iBJii00VhIjBEeJwH7nLNKIihJYRqbm/FtE80oWBTy9sQvNmX50n9tOSVS2c35WLlMosjhw7QITpGHjpHFXSNqqiGKHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QP8dpcr</latexit>

Patm

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

conservation du débit: 

Bernoulli: P (r) +
1

2
⇢u2(r) = Patm

<latexit sha1_base64="/8eS8Gu/lgInekGUd5ADmk6BYbQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsCCUpFd0IRTcuI9gHNDFMppN26OTBzEQoIZ/gxl9x40IRty7d+TdO2iy09cCFwzn3cu89XsyokIbxrZWWlldW18rrlY3Nre0dfXevI6KEY9LGEYt4z0OCMBqStqSSkV7MCQo8Rrre+Dr3uw+ECxqFd3ISEydAw5D6FCOpJFc/tmr8BJ5C2+cIp2aWNjKbjyKY3Ddy4xJabopkkLl61agbU8BFYhakCgpYrv5lDyKcBCSUmCEh+qYRSydFXFLMSFaxE0FihMdoSPqKhiggwkmnD2XwSCkD6EdcVSjhVP09kaJAiEngqc4AyZGY93LxP6+fSP/CSWkYJ5KEeLbITxiUEczTgQPKCZZsogjCnKpbIR4hFY1UGVZUCOb8y4uk06ibzfrZbbPauiriKIMDcAhqwATnoAVugAXaAINH8AxewZv2pL1o79rHrLWkFTP74A+0zx9jXZr1</latexit>

r0

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

⇒ attraction

q

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

F =

Z R

r0

2⇡r(P (r)� Patm)dr = � ⇢q2

4⇡h2

Z R

r0

dr

r
= � ⇢q2

4⇡h2
ln(R/r0)

<latexit sha1_base64="9mo5HWEVtNGjcA9TheLaE1KDnXM="></latexit>

P (r) = Patm � ⇢

8⇡2

⇣ q

hr

⌘2

<latexit sha1_base64="ZcJ/js80+OlwiwOu6LhDfjMCSzY="></latexit>

u(r) =
q

2⇡rh

<latexit sha1_base64="l1dtNWhuyAUKFniXs5COH8Tb3w0=">AAACAnicbVDLSsNAFL3xWesr6krcDBahbkpSKroRim5cVrAPaEKZTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfxtLyyuraemGjuLm1vbNr7u23ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU/89gMVkkXhnRrH1A3wIGQ+I1hpqWceJmVxii6R4wtM0vssrToxQwINs55ZsirWFGiR2DkpQY5Gz/xy+hFJAhoqwrGUXduKlZtioRjhNCs6iaQxJiM8oF1NQxxQ6abTFzJ0opU+8iOhK1Roqv6eSHEg5TjwdGeA1VDOexPxP6+bKP/CTVkYJ4qGZLbITzhSEZrkgfpMUKL4WBNMBNO3IjLEOgylUyvqEOz5lxdJq1qxa5Wz21qpfpXHUYAjOIYy2HAOdbiBBjSBwCM8wyu8GU/Gi/FufMxal4x85gD+wPj8AX6xljw=</latexit>

Force:

Clap


