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Introduction à la Mécanique des fluides



Pourquoi la mécanique des fluides dans le tronc commun ?

• Pour l’ingénieur traditionnel:
chemical engineering, production d’énergie, transports …

• Phénomènes environnementaux:
dynamique de l’atmosphere et des océans, cycle de l’eau, propulsion des animaux, 
échanges thermiques et de matière dans les organismes vivants…

• Santé:
         circulation sanguine, respiration, vectorisation de médicaments,
         transmission de maladies (Covid…)

L’équipe pédagogique

Marc Fermigier Mathilde Reyssat José Bico
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Quelques échelles

F

<latexit sha1_base64="/A6wibylELnnHOM73nyfoP0OrDo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMSt1tAEY8JmAWSIfR0apI2PQvdPUIY8gVePCji1U/y5t/YSUaIog8KHu9VUVXPiwVX2rY/rdzS8srqWn69sLG5tb1T3N1rqiiRDBssEpFse1Sh4CE2NNcC27FEGngCW97oauq3HlAqHoV3ehyjG9BByH3OqDZS/aZXLNllewayQE5t5/LMIU6mlCBDrVf86PYjlgQYaiaoUh3HjrWbUqk5EzgpdBOFMWUjOsCOoSENULnp7NAJOTJKn/iRNBVqMlMXJ1IaKDUOPNMZUD1Uv72p+JfXSbR/4aY8jBONIZsv8hNBdESmX5M+l8i0GBtCmeTmVsKGVFKmTTYFE8L3p+R/0jwpO5VypV4pVa+zOPJwAIdwDA6cQxVuoQYNYIDwCM/wYt1bT9ar9TZvzVnZzD78gPX+BbxfjOk=</latexit>

L

<latexit sha1_base64="zqHDRB2x7PF01LAuGqYnhryd9Dk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMSt1tADx48JGAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/YycZIYo+KHi8V0VVPS8WXGnb/rRyS8srq2v59cLG5tb2TnF3r6miRDJssEhEsu1RhYKH2NBcC2zHEmngCWx5o6up33pAqXgU3ulxjG5AByH3OaPaSPXbXrFkl+0ZyAI5tZ3LM4c4mVKCDLVe8aPbj1gSYKiZoEp1HDvWbkql5kzgpNBNFMaUjegAO4aGNEDlprNDJ+TIKH3iR9JUqMlMXZxIaaDUOPBMZ0D1UP32puJfXifR/oWb8jBONIZsvshPBNERmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwI35+S/0nzpOxUypV6pVS9zuLIwwEcwjE4cA5VuIEaNIABwiM8w4t1bz1Zr9bbvDVnZTP78APW+xfFd4zv</latexit>

Chiroptera

1 pN

<latexit sha1_base64="+bMiCjusK7VbYe82i74T163oYJU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgQspMKeiy4MaVVLAPaMeSSTNtaJIZkoxShv6HGxeKuPVf3Pk3ZtpZaOuBwOGce7knJ4g508Z1v53C2vrG5lZxu7Szu7d/UD48ausoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTK4zv/NIlWaRvDfTmPoCjyQLGcHGSg9e/6IvsBkrkca3s0G54lbdOdAq8XJSgRzNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/nqWfozCpDFEbKPmnQXP29kWKh9VQEdjKLqJe9TPzP6yUmvPJTJuPEUEkWh8KEIxOhrAI0ZIoSw6eWYKKYzYrIGCtMjC2qZEvwlr+8Stq1qlev1u/qlUYtr6MIJ3AK5+DBJTTgBprQAgIKnuEV3pwn58V5dz4WowUn3zmGP3A+fwBBNJJR</latexit>

10 pN

<latexit sha1_base64="yWtHh3827SJxifd2DxRLmATD7UE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCCylJKeiy4MaVVLAPaEKZTCft0JlJmJkINfRL3LhQxK2f4s6/cdJmoa0HBg7n3Ms9c8KEUaVd99sqbWxube+Udyt7+weHVfvouKviVGLSwTGLZT9EijAqSEdTzUg/kQTxkJFeOL3J/d4jkYrG4kHPEhJwNBY0ohhpIw3tquf6lz5HeiJ5ltzNh3bNrbsLOOvEK0gNCrSH9pc/inHKidCYIaUGnpvoIENSU8zIvOKniiQIT9GYDAwViBMVZIvgc+fcKCMniqV5QjsL9fdGhrhSMx6ayTyiWvVy8T9vkOroOsioSFJNBF4eilLm6NjJW3BGVBKs2cwQhCU1WR08QRJhbbqqmBK81S+vk26j7jXrzftmrdUo6ijDKZzBBXhwBS24hTZ0AEMKz/AKb9aT9WK9Wx/L0ZJV7JzAH1ifPylXkrw=</latexit>

1MN

<latexit sha1_base64="a081vSnwhkGL9MaKnIGOFH4Oe4g=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFcSJkpBV0W3LhRKtgHdMaSSdM2NMkMSUYpQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8acaeO6387K6tr6xmZhq7i9s7u3Xzo4bOkoUYQ2ScQj1QmxppxJ2jTMcNqJFcUi5LQdjq8yv/1IlWaRvDeTmAYCDyUbMIKNlR48/9wX2IyUSG9up71S2a24M6Bl4uWkDDkavdKX349IIqg0hGOtu54bmyDFyjDC6bToJ5rGmIzxkHYtlVhQHaSz1FN0apU+GkTKPmnQTP29kWKh9USEdjKLqBe9TPzP6yZmcBmkTMaJoZLMDw0SjkyEsgpQnylKDJ9YgoliNisiI6wwMbaooi3BW/zyMmlVK16tUrurlevVvI4CHMMJnIEHF1CHa2hAEwgoeIZXeHOenBfn3fmYj644+c4R/IHz+QML4pIu</latexit>

1N

<latexit sha1_base64="s+ZSB/i22LMXorCK/1AdEkvMsVM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQspMKeiy4MaVVLAP6Awlk2ba0CQzJplCGfodblwo4taPceffmLaz0NYDgcM593JPTphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknHN/O/c6EKs1i+WimCQ0EHkoWMYKNlQLPv/IFNiMlsvtZv1xxq+4CaJ14OalAjma//OUPYpIKKg3hWOue5yYmyLAyjHA6K/mppgkmYzykPUslFlQH2SL0DF1YZYCiWNknDVqovzcyLLSeitBOzhPqVW8u/uf1UhPdBBmTSWqoJMtDUcqRidG8ATRgihLDp5ZgopjNisgIK0yM7alkS/BWv7xO2rWqV6/WH+qVRi2vowhncA6X4ME1NOAOmtACAk/wDK/w5kycF+fd+ViOFpx85xT+wPn8AW1wkdc=</latexit>



Tornades

Mécanique des fluides et environnement

Quelques échelles

1µm

<latexit sha1_base64="TxrdTrgIwHJGbBkru8SdFozKn9U=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBhZSZUtBlwY3LCvYBnaFk0rQNTTJDkimUoX/ixoUibv0Td/6NmXYW2nogcDjnXu7JiRLOtPG8b6e0tb2zu1ferxwcHh2fuKdnHR2nitA2iXmsehHWlDNJ24YZTnuJolhEnHaj6X3ud2dUaRbLJzNPaCjwWLIRI9hYaeC6fnATiDQQ2EyUyMRi4Fa9mrcE2iR+QapQoDVwv4JhTFJBpSEca933vcSEGVaGEU4XlSDVNMFkise0b6nEguowWyZfoCurDNEoVvZJg5bq740MC63nIrKTeUK97uXif14/NaO7MGMySQ2VZHVolHJkYpTXgIZMUWL43BJMFLNZEZlghYmxZVVsCf76lzdJp17zG7XGY6ParBd1lOECLuEafLiFJjxAC9pAYAbP8ApvTua8OO/Ox2q05BQ75/AHzucPdTqTgw==</latexit>

10µm

<latexit sha1_base64="uNbHfiIBkSybz16EU2vXCjWGCPA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgQkpSCrosuHFZwT6gCWUynbRDZyZhZqKU2E9x40IRt36JO//GSZuFth4YOJxzL/fMCRNGlXbdb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/RApwqggHU01I/1EEsRDRnrh9Cb3ew9EKhqLez1LSMDRWNCIYqSNNLSrnutf+jz1OdITyTM+H9o1t+4u4KwTryA1KNAe2l/+KMYpJ0JjhpQaeG6igwxJTTEj84qfKpIgPEVjMjBUIE5UkC2iz51zo4ycKJbmCe0s1N8bGeJKzXhoJvOEatXLxf+8Qaqj6yCjIkk1EXh5KEqZo2Mn78EZUUmwZjNDEJbUZHXwBEmEtWmrYkrwVr+8TrqNutesN++atVajqKMMp3AGF+DBFbTgFtrQAQyP8Ayv8GY9WS/Wu/WxHC1Zxc4J/IH1+QPmHJO9</latexit>

100µm

<latexit sha1_base64="0YXQh93gK6aO3/utSHztjBq9JG8=">AAAB+3icbVDLSsNAFL3xWesr1qWbYBFcSElKQZcFNy4r2Ac0oUymk3bozCTMTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45YcKo0q77bW1sbm3v7Fb2qvsHh0fH9kmtp+JUYtLFMYvlIESKMCpIV1PNyCCRBPGQkX44uy38/iORisbiQc8TEnA0ETSiGGkjjeya57r+lc9TnyM9lTzj+ciuuw13AWedeCWpQ4nOyP7yxzFOOREaM6TU0HMTHWRIaooZyat+qkiC8AxNyNBQgThRQbbInjsXRhk7USzNE9pZqL83MsSVmvPQTBYJ1apXiP95w1RHN0FGRZJqIvDyUJQyR8dOUYQzppJgzeaGICypyergKZIIa1NX1ZTgrX55nfSaDa/VaN236u1mWUcFzuAcLsGDa2jDHXSgCxie4Ble4c3KrRfr3fpYjm5Y5c4p/IH1+QNXP5P3</latexit>

1mm

<latexit sha1_base64="foIR9Sn+SAUAYnDHhMzal/N4E/g=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EiyCBym7paDHghePFWwrdNeSTbNtaJJdkqxSlv4PLx4U8ep/8ea/MdvuQVsHAsPMe7zJhAln2rjut1NaW9/Y3CpvV3Z29/YPqodHXR2nitAOiXms7kOsKWeSdgwznN4nimIRctoLJ9e533ukSrNY3plpQgOBR5JFjGBjpQfPv/AFNmMlMiFmg2rNrbtzoFXiFaQGBdqD6pc/jEkqqDSEY637npuYIMPKMMLprOKnmiaYTPCI9i2VWFAdZPPUM3RmlSGKYmWfNGiu/t7IsNB6KkI7mUfUy14u/uf1UxNdBRmTSWqoJItDUcqRiVFeARoyRYnhU0swUcxmRWSMFSbGFlWxJXjLX14l3Ubda9abt81aq1HUUYYTOIVz8OASWnADbegAAQXP8ApvzpPz4rw7H4vRklPsHMMfOJ8/a72SbQ==</latexit>

1 cm

<latexit sha1_base64="rT7I5Sfm2gtdUCIjK/wqRZ7rbW8=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EiyCBym7paDHghePFWwrdNeSTbNtaJJdkqxSlv4PLx4U8ep/8ea/MdvuQVsHAsPMe7zJhAln2rjut1NaW9/Y3CpvV3Z29/YPqodHXR2nitAOiXms7kOsKWeSdgwznN4nimIRctoLJ9e533ukSrNY3plpQgOBR5JFjGBjpQfPv/AFNmMlMiJmg2rNrbtzoFXiFaQGBdqD6pc/jEkqqDSEY637npuYIMPKMMLprOKnmiaYTPCI9i2VWFAdZPPUM3RmlSGKYmWfNGiu/t7IsNB6KkI7mUfUy14u/uf1UxNdBRmTSWqoJItDUcqRiVFeARoyRYnhU0swUcxmRWSMFSbGFlWxJXjLX14l3Ubda9abt81aq1HUUYYTOIVz8OASWnADbegAAQXP8ApvzpPz4rw7H4vRklPsHMMfOJ8/XIGSYw==</latexit>

1m

<latexit sha1_base64="vXxs+0z5be82DmA2Q6qaVF793lI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcSJkpBV0W3LisYB/QGUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05YcKZNq777Wxsbm3v7Jb2yvsHh0fHlZPTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5C73u1OqNIvlo5klNBB4JFnECDZWCjz/2hfYjJXIxHxQqbo1dwG0TryCVKFAa1D58ocxSQWVhnCsdd9zExNkWBlGOJ2X/VTTBJMJHtG+pRILqoNsEXqOLq0yRFGs7JMGLdTfGxkWWs9EaCfzhHrVy8X/vH5qotsgYzJJDZVkeShKOTIxyhtAQ6YoMXxmCSaK2ayIjLHCxNieyrYEb/XL66RTr3mNWuOhUW3WizpKcA4XcAUe3EAT7qEFbSDwBM/wCm/O1Hlx3p2P5eiGU+ycwR84nz+ci5H2</latexit>

10m

<latexit sha1_base64="lQVXn5nEjK4QG9VsI3DPqAdsVQs=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EiyCBym7paDHghePFWwrdNeSTbNtaJJdkqxSlv4PLx4U8ep/8ea/MdvuQVsHAsPMe7zJhAln2rjut1NaW9/Y3CpvV3Z29/YPqodHXR2nitAOiXms7kOsKWeSdgwznN4nimIRctoLJ9e533ukSrNY3plpQgOBR5JFjGBjpQfP9S98gc1YiUzMBtWaW3fnQKvEK0gNCrQH1S9/GJNUUGkIx1r3PTcxQYaVYYTTWcVPNU0wmeAR7VsqsaA6yOapZ+jMKkMUxco+adBc/b2RYaH1VIR2Mk+ol71c/M/rpya6CjImk9RQSRaHopQjE6O8AjRkihLDp5ZgopjNisgYK0yMLapiS/CWv7xKuo2616w3b5u1VqOoowwncArn4MEltOAG2tABAgqe4RXenCfnxXl3PhajJafYOYY/cD5/AAzHkjA=</latexit>

100m

<latexit sha1_base64="QIT8fSukgvPWYtpJJeWcLpI9h8g=">AAAB+HicbVDLSgMxFL3js9ZHqy7dBIvgQspMKeiy4MZlBfuAzlAyaaYNTTJDkhHq0C9x40IRt36KO//GTDsLbT0QOJxzL/fkhAln2rjut7OxubW9s1vaK+8fHB5VqscnXR2nitAOiXms+iHWlDNJO4YZTvuJoliEnPbC6W3u9x6p0iyWD2aW0EDgsWQRI9hYaViteK7rX/kCm4kSmZgPqzW37i6A1olXkBoUaA+rX/4oJqmg0hCOtR54bmKCDCvDCKfzsp9qmmAyxWM6sFRiQXWQLYLP0YVVRiiKlX3SoIX6eyPDQuuZCO1knlCvern4nzdITXQTZEwmqaGSLA9FKUcmRnkLaMQUJYbPLMFEMZsVkQlWmBjbVdmW4K1+eZ10G3WvWW/eN2utRlFHCc7gHC7Bg2towR20oQMEUniGV3hznpwX5935WI5uOMXOKfyB8/kD9NuSmw==</latexit>

1 km

<latexit sha1_base64="uznEylLTCzt9a6Wd+vlwJIUysw4=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EiyCBym7paDHghePFWwrdNeSTbNtaJJdkqxSlv4PLx4U8ep/8ea/MdvuQVsHAsPMe7zJhAln2rjut1NaW9/Y3CpvV3Z29/YPqodHXR2nitAOiXms7kOsKWeSdgwznN4nimIRctoLJ9e533ukSrNY3plpQgOBR5JFjGBjpQfPv/AFNmMlsomYDao1t+7OgVaJV5AaFGgPql/+MCapoNIQjrXue25iggwrwwins4qfappgMsEj2rdUYkF1kM1Tz9CZVYYoipV90qC5+nsjw0LrqQjtZB5RL3u5+J/XT010FWRMJqmhkiwORSlHJkZ5BWjIFCWGTy3BRDGbFZExVpgYW1TFluAtf3mVdBt1r1lv3jZrrUZRRxlO4BTOwYNLaMENtKEDBBQ8wyu8OU/Oi/PufCxGS06xcwx/4Hz+AGixkms=</latexit>

100 km

<latexit sha1_base64="AZDMLfXSJY6MaFYvLExGn+KM5is=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBhZSZUtBlwY3LCvYBnaFk0rQNTTJDkimUoX/ixoUibv0Td/6NmXYW2nogcDjnXu7JiRLOtPG8b6e0tb2zu1ferxwcHh2fuKdnHR2nitA2iXmsehHWlDNJ24YZTnuJolhEnHaj6X3ud2dUaRbLJzNPaCjwWLIRI9hYaeC6vucFN4HAZqJENhWLgVv1at4SaJP4BalCgdbA/QqGMUkFlYZwrHXf9xITZlgZRjhdVIJU0wSTKR7TvqUSC6rDbJl8ga6sMkSjWNknDVqqvzcyLLSei8hO5hH1upeL/3n91IzuwozJJDVUktWhUcqRiVFeAxoyRYnhc0swUcxmRWSCFSbGllWxJfjrX94knXrNb9Qaj41qs17UUYYLuIRr8OEWmvAALWgDgRk8wyu8OZnz4rw7H6vRklPsnMMfOJ8/wYSTEA==</latexit>

1000 km

<latexit sha1_base64="dUOVywBmCtOGEzNZTzt/rNCpSMs=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgQkqmFHRZcOOygn1AZyiZNNOGJpkhyShl7Ke4caGIW7/EnX9jpp2Fth4IHM65l3tywoQzbRD6dkobm1vbO+Xdyt7+weGRWz3u6jhVhHZIzGPVD7GmnEnaMcxw2k8UxSLktBdOb3K/90CVZrG8N7OEBgKPJYsYwcZKQ7fqIYT8S19gM1Eim4r50K2hOloArhOvIDVQoD10v/xRTFJBpSEcaz3wUGKCDCvDCKfzip9qmmAyxWM6sFRiQXWQLaLP4blVRjCKlX3SwIX6eyPDQuuZCO1kHlGvern4nzdITXQdZEwmqaGSLA9FKYcmhnkPcMQUJYbPLMFEMZsVkglWmBjbVsWW4K1+eZ10G3WvWW/eNWutRlFHGZyCM3ABPHAFWuAWtEEHEPAInsEreHOenBfn3flYjpacYucE/IHz+QMydZNK</latexit>
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L

<latexit sha1_base64="zqHDRB2x7PF01LAuGqYnhryd9Dk=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMSt1tADx48JGAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/YycZIYo+KHi8V0VVPS8WXGnb/rRyS8srq2v59cLG5tb2TnF3r6miRDJssEhEsu1RhYKH2NBcC2zHEmngCWx5o6up33pAqXgU3ulxjG5AByH3OaPaSPXbXrFkl+0ZyAI5tZ3LM4c4mVKCDLVe8aPbj1gSYKiZoEp1HDvWbkql5kzgpNBNFMaUjegAO4aGNEDlprNDJ+TIKH3iR9JUqMlMXZxIaaDUOPBMZ0D1UP32puJfXifR/oWb8jBONIZsvshPBNERmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwI35+S/0nzpOxUypV6pVS9zuLIwwEcwjE4cA5VuIEaNIABwiM8w4t1bz1Zr9bbvDVnZTP78APW+xfFd4zv</latexit>

Érosion
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Mécanique des fluides et technologie

Quelques échelles

Using the above estimate of surface tension of the liquid
!30–80 mN/m", a radius of curvature r equal to the inner
diameter of the tube 50 nm, the measured liquid–solid con-
tact angle range 10–25 deg, and the Young–Laplace equa-
tion

#p!pgas"p liq!2$ cos %/r , !2"

the pressure difference across the meniscus was found to be
in the range 1–3 MPa, being less than 10% of the maximum
equilibrium pressure of the NT contents at room temperature.

Figure 2 depicts two images of a liquid inclusion !plug",
which is typical of those encountered in straight sections of
the closed NTs.13 The two micrographs of Fig. 2 show the
same liquid plug, but correspond to different times in an
experimental sequence during which the liquid was subjected
to modest heating by focusing the illuminating electron
beam. The liquid is bounded on either side by two nearly
identical curved interfaces, which again indicate almost per-
fect wetting of the inner carbon wall by the aqueous liquid.
As heating proceeds from Fig. 2!a" to Fig. 2!b", the apparent
volume of the liquid is reduced. Three independent mecha-
nisms could be responsible for the liquid volume reduction
documented in this figure. The first mechanism is liquid dis-
placement due to adjoining bubble expansion, the second is
liquid evaporation, and the third is thermocapillary motion.
As the temperature of the liquid is raised upon heating, its
surface tension should decrease, possibly causing liquid mi-
gration !by means of a thin wall film" towards cooler por-
tions of the NT away from the illuminated heated region in
Fig. 2. When the electron beam was re-expanded from its
contracted state &Fig. 2!b"', the liquid rapidly returned to its
initial shape &Fig. 2!a"'.

Figure 3!a" depicts the equilibrium !unheated" state of a
gas bubble confined between two well-defined menisci and
the surrounding NT walls. The upper meniscus separates the
bubble from a liquid plug directly above it &similar to the one
seen in Fig. 2!a"', while the lower meniscus separates the
bubble from a liquid mass trapped by an interstitial cap
blocking access to the rest of the NT below. The bubble was
subjected to gentle heating/cooling by contracting/expanding
the TEM beam. When heated, the gas bubble was seen to
expand along its two axial ends. In that process, the liquid in
the vicinity of the end cap was gradually displaced by the
expanding gas above it. Upon sustained heating, all of the
liquid by the cap could be driven off that region. When the
electron beam was expanded back to its original size, i.e.,

FIG. 2. TEM images of a liquid inclusion, typical of those encountered in
straight sections of the closed NTs. The two micrographs correspond to an
experimental sequence during which the liquid was subjected to modest
heating by focusing the illuminating electron beam. !a" The initial !unheated
or equilibrium" state of the liquid inclusion. !b" A heated state.

FIG. 3. !a" Equilibrium !unheated" state of a gas bubble confined between
two well-defined menisci and the NT walls. The upper meniscus separates
the gas bubble from a liquid plug directly above it, while the lower meniscus
separates the bubble from a liquid mass trapped by an interstitial cap !seen
in lower right end" blocking access to the rest of the NT below. The area
marked by the dashed rectangle was further interrogated by being subjected
to modest heating/cooling by focusing/expanding the incident electron
beam. The image in !b" corresponds to an instant during a heating sequence,
while !c" corresponds to an instant in the subsequent cooling sequence. The
black arrows in !b" and !c" indicate motion of the meniscus interface, while
the white arrow in !b" indicates the presence of a thin film on the inner wall.
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Figure 3. Simulated dispersion of fine droplets exhaled from index Patient A1 (magenta-blue), 

which are initially confined within the cloud envelope due to the zoned air-conditioning 

arrangement. The fine droplets eventually disperse into the other zones via air exchange and 

are eventually removed via the restroom exhaust fan. The ABC zone clearly has a higher 

concentration of fine droplets than the non-ABC zone. Other infected patients are shown in red 

and other non-infected in gold color. Only a single human body is used to represent all patrons. 

 

Ventilation and dispersion of exhaled droplet nuclei 
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circuit fermé ⇒ contamination

contre le COVID: Ventilez!
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Interfaces

www.espci.fr/fr/actualites/2018/un-mooc-sur-la-dynamique-des-interfaces-fluides

M. Fermigier, D. Quéré & C. Clanet, film M. Reyssat
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Ecoulements visqueux

https://youtu.be/zz5lGkDdk78



Nage à petite échelle

www.rowland.harvard.edu/labs/bacteria/projects/filament.php

https://youtu.be/Gs7ku8xA5so J.S.Guasto et al., 
Phys. Rev. Lett. 105, 168102 (2010)

Spermatozoïde d’oursin Bactérie Escherichia Coli Algue Chlamydomonas

Ondulatoire Tire-bouchon Brasse

10 µm 10 µm 10 µm



interfaces:
fluide/solide
fluide/fluide

écoulements
visqueux

couches
limites

locomotionlubrification

contraintes
visqueuses

+ loi de Newton

eq. Navier & Stokes

Plan du cours

⇢
@u

@t
+ ⇢(u.r)u = �rP + ⌘�u+ ⇢f

<latexit sha1_base64="bKn+uY6tV8jUi48DpvqAuDE8lkQ="></latexit>

<latexit sha1_base64="DiypKdP3ntAQrPmXeu4aTR034/0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Fjw4rEF+wFtKJvtpF272YTdjVhCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8q4rbqJZr1TyOApzCGVyAB9dQgzuoQxMYIDzDK7w5D86L8+58LFrXnHzmBP7A+fwB4q2M8A==</latexit>

<latexit sha1_base64="Zg7xepj2nqo2kqDiJrivCkv9VaI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp611W3WavUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB5DGM8Q==</latexit>

<latexit sha1_base64="k6nTXUMf5Qui9AGdTo2m6GewgzQ=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0GtAzYWFgkYD4gOcLeZi5Zs7d37O4J4cgvsLFQxNafZOe/cZNcoYkPBh7vzTAzL0gE18Z1v5219Y3Nre3CTnF3b//gsHR03NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljvl8puxZ2DrBIvJ2XIUe+XvnqDmKURSsME1brruYnxM6oMZwKnxV6qMaFsTIfYtVTSCLWfzQ+dknOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GyKNgRv+eVV0rqseFcVt1Et16p5HAU4hTO4AA+uoQZ3UIcmMEB4hld4cx6dF+fd+Vi0rjn5zAn8gfP5A5/9jMQ=</latexit>

<latexit sha1_base64="fjyuZZ61kGpAquhN+51B+tKV09w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48tmLbQhrLZTtu1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip6ffLFbfqLkDWiZeTCuRo9MtfvUHM0gilYYJq3fXcxAQZVYYzgbNSL9WYUDahI+xaKmmEOsgWh87IhVUGZBgrW9KQhfp7IqOR1tMotJ0RNWO96s3F/7xuaoa3QcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9dJ66rqXVfdZq1Sr+VxFOEMzuESPLiBOtxDA3xggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDraGMzQ==</latexit>

<latexit sha1_base64="BQa8RDYNrvKqZSLARubFuNpXRHw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFvRY8OKxgv2QdinZbLYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8c3M7zxSpVks780kob7AQ8kiRrCx0kM/pNzg6tP5oFxxa+4caJV4OalAjuag/NUPY5IKKg3hWOue5ybGz7AyjHA6LfVTTRNMxnhIe5ZKLKj2s/nBU3RmlRBFsbIlDZqrvycyLLSeiMB2CmxGetmbif95vdRE137GZJIaKsliUZRyZGI0+x6FTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSfui5l3W3Lt6pVHP4yjCCZxCFTy4ggbcQhNaQEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8ATWMj/c=</latexit>



Ecoulements à grands Re

https://youtu.be/sqF7abOYCNY
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Vorticité

www.irphe.fr/~meunier/

Tourbillons de laboratoire

F. Bottausci & P. Petitjeans (PMMH)  https://youtu.be/BL6RQC9wQQQ
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Traînée à grande échelle

https://youtu.be/sqF7abOYCNY



Portance

https://youtu.be/qarXYD3Kf3E



Voler sur l’eau

https://youtu.be/bE65VtlkcY8



Voler sur l’eau

https://youtu.be/QjUbbtSNR3Q
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Ce que nous ne présentons pas :

- Instabilités & turbulence (cours 3A, L. Duchemin)
- Transport de matière et de chaleur (cours 3A, M. Fermigier)
- Microfluidique (cours 3A, N. Bremond)
- Fluides non-newtoniens (cours 3A Soft Matter, M. Cloitre)
- Écoulements tournants (manque de temps!)



20h résolution de problèmes 
(1/3 promo)

2h de cours
(toute la promo)

page web dédiée blog.espci.fr/mecaflu
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Pour que ça marche… vole!

Lire notes et problèmes en avance:

blog.espci.fr/mecaflu

Participer / poser des questions!


