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Resolve what? 
–Hot ⇄ cold mass, 

energy, momentum   transfer   
–Structure of the 

hot-cold interface
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Cooling dominated by  
intermediate T material
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What draws fresh hot gas into the layer?
Could it be that cooling leads to a pressure dip that accelerates the material?
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Could it be that cooling leads to a pressure dip that accelerates the material?

What draws fresh hot gas into the layer?
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Pressure dip disappears at high resolution but inflow does not!

What draws fresh hot gas into the layer?
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What draws fresh hot gas into the layer?
Could it be that cooling leads to a pressure dip that accelerates the material?
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The mixing rate determines the cooling rate
Pressure dip disappears at high resolution but inflow does not!Turbulent mixing rate determines the radiative cooling rate

What draws fresh hot gas into the layer?





in order to  
resolve cooling

need to resolve 
turbulent mixing

**  and thereby capture the correct mass, momentum 
& energy transfer since cooling sets the inflow rate



eddy size scale ℓL ηdiss

vturb(ℓ) ∝ ℓ 1/3

𝖠𝗋𝖾𝖺(ℓ) ∝ ℓ−1/2



vin<latexit sha1_base64="m6bWgCu7Mi2GL/OKuWLBDsG44Ik=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG8FNBfvAdiiZNNOGJpkhyRTKUPAj3LhQxK1/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGHiVFNWp7GIdSskhgmuWN1yK1gr0YzIULBmOLyZ+s0R04bH6sGOExZI0lc84pRYJz2OullHS8zVpFsseWVvBrxK/AUpwQK1bvGr04tpKpmyVBBj2r6X2CAj2nIq2KTQSQ1LCB2SPms7qohkJshmF0/wmVN6OIq1K2XxTP09kRFpzFiGrlMSOzDL3lT8z2unNroOMq6S1DJF54uiVGAb4+n7uMc1o1aMHSFUc3crpgOiCbUupIILwV9+eZU0KmX/oly5vyxV757mceThBE7hHHy4gircQg3qQEHBM7zCGzLoBb2jj3lrDi0iPIY/QJ8/x76Rag==</latexit>

L
<latexit sha1_base64="byj4u7yogaFA9TYVNokTphbC1dA=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzYCFokYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VanfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZRL3nmpXLsoVm6fZnHk4BhO4Aw8uIQK3EAV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8AzYyNXQ==</latexit>
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<latexit sha1_base64="yLhgUlDZ0qAbut/Ku9BddvXO+fE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgRfASwTwkWcLsZJIMmdlZZnqFsAT8By8eFPHq53jzb5w8DppY0FBUddPdFSVSWPT9b29ldW19YzO3ld/e2d3bLxwc1q1ODeM1pqU2zYhaLkXMayhQ8mZiOFWR5I1oeD3xG4/cWKHjexwlPFS0H4ueYBSd9JC1jSIDjeNOoeiX/CnIMgnmpAhzVDuFr3ZXs1TxGJmk1rYCP8EwowYFk3ycb6eWJ5QNaZ+3HI2p4jbMpgePyalTuqSnjasYyVT9PZFRZe1IRa5TURzYRW8i/ue1UuxdhZmIkxR5zGaLeqkkqMnke9IVhjOUI0coM8LdStiAGsrQZZR3IQSLLy+TerkUnJfKdxfFyu3TLI4cHMMJnEEAl1CBG6hCDRgoeIZXePOM9+K9ex+z1hVvHuER/IH3+QMLyJD/</latexit>

cold
<latexit sha1_base64="qGR/DB7hjLblHm5HF9agXF94PIo=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgRnBTwT6wHUomk2lD8xiSjFCGgh/hxoUibv0bd/6N6WOhrQcuHM65N7n3RClnxvr+t7eyura+sVnYKm7v7O7tlw4Om0ZlmtAGUVzpdoQN5UzShmWW03aqKRYRp61oeD3xW49UG6bkvR2lNBS4L1nCCLZOesi7WiD3Sjzulcp+xZ8CLZNgTsowR71X+urGimSCSks4NqYT+KkNc6wtI5yOi93M0BSTIe7TjqMSC2rCfLrxGJ06JUaJ0q6kRVP190SOhTEjEblOge3ALHoT8T+vk9nkKsyZTDNLJZl9lGQcWYUm56OYaUosHzmCiWZuV0QGWGNiXUhFF0KwePIyaVYrwXmlendRrt0+zeIowDGcwBkEcAk1uIE6NICAhGd4hTfPeC/eu/cxa13x5hEewR94nz+3+ZFg</latexit>

w
<latexit sha1_base64="oACF7pQutJXOp7HA4fUpisQdyUs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8BL3pLwDwgWcLspJOMmZ1dZmaVsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YhK80jem3GMfkgHkvc5o8ZKtaduseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvfPyZe2iVLnL4sjDERzDKXhwBRW4hSrUgQHCM7zCm/PgvDjvzse8NedkM4fwB87nD+kUjQk=</latexit>
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<latexit sha1_base64="eZzaNLkO1D+F76OViLt45gErfJY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8RL3qLaB6QLGF20kmGzM4uM7NKWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATD64nfeESleSQfzChGP6R9yXucUWOl+6vOU6dYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnfpp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8reafn87qxUuc3iyMMBHMIxeHABFbiBKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPJl2NvQ==</latexit>
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<latexit sha1_base64="4ygWQwWTyJRzkqL+78HtiO2cyTs=">AAACGHicbVDLSgMxFM3UV62vqks3wSK4qjOloC6EihsXIiPYB7R1yKSZNjSTDEmmpQzzGW78FTcuFHHbnX9j+lho64ELh3Pu5d57/IhRpW3728qsrK6tb2Q3c1vbO7t7+f2DmhKxxKSKBROy4SNFGOWkqqlmpBFJgkKfkbrfv5n49QGRigr+qEcRaYeoy2lAMdJG8vJnLhx4SUuGkPIU3j2V4BVsBRLhxE0TPXOwECxN4RBee0MvX7CL9hRwmThzUgBzuF5+3OoIHIeEa8yQUk3HjnQ7QVJTzEiaa8WKRAj3UZc0DeUoJKqdTB9L4YlROjAQ0hTXcKr+nkhQqNQo9E1niHRPLXoT8T+vGevgop1QHsWacDxbFMQMagEnKcEOlQRrNjIEYUnNrRD3kIlFmyxzJgRn8eVlUisVnXLx8qFcqNzP48iCI3AMToEDzkEF3AIXVAEGz+AVvIMP68V6sz6tr1lrxprPHII/sMY/OwWfWg==</latexit>

<latexit sha1_base64="UY6ggqV7qnGWeUS7Vp9o02t2Chw=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARXJWZquhGqLhxIVLBXqCtQybNtKGZZEgylTLMg7jxVdy4UMSNC8G3MW1noa0HAj/ffw4n5/cjRpV2nG8rt7C4tLySXy2srW9sbtnbO3UlYolJDQsmZNNHijDKSU1TzUgzkgSFPiMNf3A59htDIhUV/E6PItIJUY/TgGKkDfLso6GXtGUIKU/hOWwHEuHkIU30lGIhWJpm+MIzxvV9OfXsolNyJgXnhZuJIsiq6tmf7a7AcUi4xgwp1XKdSHcSJDXFjKSFdqxIhPAA9UjLSI5CojrJ5LgUHhjShYGQ5nENJ/T3RIJCpUahbzpDpPtq1hvD/7xWrIOzTkJ5FGvC8XRREDOoBRwnBbtUEqzZyAiEJTV/hbiPTBLa5FkwIbizJ8+LernknpSc2+Ni5SaLIw/2wD44BC44BRVwBaqgBjB4BM/gFbxZT9aL9W59TFtzVjazC/6U9fUDpbqiYg==</latexit>
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<latexit sha1_base64="QgHoK837aMSlf1OtIbq/nieHJ8I=">AAACBnicbVDLSsNAFJ3UV62vqksRBovgqiSi6LLixpVUsA9oQphMJ+3QSSbM3FhKyMqNv+LGhSJu/QZ3/o3Tx0JbD1w4nHMv994TJIJrsO1vq7C0vLK6VlwvbWxube+Ud/eaWqaKsgaVQqp2QDQTPGYN4CBYO1GMRIFgrWBwPfZbD0xpLuN7GCXMi0gv5iGnBIzklw9dCBWhWT3PwM9cFWEqpchzPMRX/tAvV+yqPQFeJM6MVNAMdb/85XYlTSMWAxVE645jJ+BlRAGnguUlN9UsIXRAeqxjaEwipr1s8kaOj43SxaFUpmLAE/X3REYirUdRYDojAn09743F/7xOCuGll/E4SYHFdLooTAUGiceZ4C5XjIIYGUKo4uZWTPvExAImuZIJwZl/eZE0T6vOedW+O6vUbmdxFNEBOkInyEEXqIZuUB01EEWP6Bm9ojfryXqx3q2PaWvBms3soz+wPn8AgSKZKg==</latexit>
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vin<latexit sha1_base64="m6bWgCu7Mi2GL/OKuWLBDsG44Ik=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG8FNBfvAdiiZNNOGJpkhyRTKUPAj3LhQxK1/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGHiVFNWp7GIdSskhgmuWN1yK1gr0YzIULBmOLyZ+s0R04bH6sGOExZI0lc84pRYJz2OullHS8zVpFsseWVvBrxK/AUpwQK1bvGr04tpKpmyVBBj2r6X2CAj2nIq2KTQSQ1LCB2SPms7qohkJshmF0/wmVN6OIq1K2XxTP09kRFpzFiGrlMSOzDL3lT8z2unNroOMq6S1DJF54uiVGAb4+n7uMc1o1aMHSFUc3crpgOiCbUupIILwV9+eZU0KmX/oly5vyxV757mceThBE7hHHy4gircQg3qQEHBM7zCGzLoBb2jj3lrDi0iPIY/QJ8/x76Rag==</latexit>

L
<latexit sha1_base64="byj4u7yogaFA9TYVNokTphbC1dA=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzYCFokYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VanfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZRL3nmpXLsoVm6fZnHk4BhO4Aw8uIQK3EAV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8AzYyNXQ==</latexit>

hot
<latexit sha1_base64="yLhgUlDZ0qAbut/Ku9BddvXO+fE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgRfASwTwkWcLsZJIMmdlZZnqFsAT8By8eFPHq53jzb5w8DppY0FBUddPdFSVSWPT9b29ldW19YzO3ld/e2d3bLxwc1q1ODeM1pqU2zYhaLkXMayhQ8mZiOFWR5I1oeD3xG4/cWKHjexwlPFS0H4ueYBSd9JC1jSIDjeNOoeiX/CnIMgnmpAhzVDuFr3ZXs1TxGJmk1rYCP8EwowYFk3ycb6eWJ5QNaZ+3HI2p4jbMpgePyalTuqSnjasYyVT9PZFRZe1IRa5TURzYRW8i/ue1UuxdhZmIkxR5zGaLeqkkqMnke9IVhjOUI0coM8LdStiAGsrQZZR3IQSLLy+TerkUnJfKdxfFyu3TLI4cHMMJnEEAl1CBG6hCDRgoeIZXePOM9+K9ex+z1hVvHuER/IH3+QMLyJD/</latexit>

cold
<latexit sha1_base64="qGR/DB7hjLblHm5HF9agXF94PIo=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgRnBTwT6wHUomk2lD8xiSjFCGgh/hxoUibv0bd/6N6WOhrQcuHM65N7n3RClnxvr+t7eyura+sVnYKm7v7O7tlw4Om0ZlmtAGUVzpdoQN5UzShmWW03aqKRYRp61oeD3xW49UG6bkvR2lNBS4L1nCCLZOesi7WiD3Sjzulcp+xZ8CLZNgTsowR71X+urGimSCSks4NqYT+KkNc6wtI5yOi93M0BSTIe7TjqMSC2rCfLrxGJ06JUaJ0q6kRVP190SOhTEjEblOge3ALHoT8T+vk9nkKsyZTDNLJZl9lGQcWYUm56OYaUosHzmCiWZuV0QGWGNiXUhFF0KwePIyaVYrwXmlendRrt0+zeIowDGcwBkEcAk1uIE6NICAhGd4hTfPeC/eu/cxa13x5hEewR94nz+3+ZFg</latexit>

w
<latexit sha1_base64="oACF7pQutJXOp7HA4fUpisQdyUs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8BL3pLwDwgWcLspJOMmZ1dZmaVsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YhK80jem3GMfkgHkvc5o8ZKtaduseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvfPyZe2iVLnL4sjDERzDKXhwBRW4hSrUgQHCM7zCm/PgvDjvzse8NedkM4fwB87nD+kUjQk=</latexit>

Aw
<latexit sha1_base64="eZzaNLkO1D+F76OViLt45gErfJY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8RL3qLaB6QLGF20kmGzM4uM7NKWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATD64nfeESleSQfzChGP6R9yXucUWOl+6vOU6dYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnfpp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8reafn87qxUuc3iyMMBHMIxeHABFbiBKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPJl2NvQ==</latexit>

w
<latexit sha1_base64="oACF7pQutJXOp7HA4fUpisQdyUs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8BL3pLwDwgWcLspJOMmZ1dZmaVsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YhK80jem3GMfkgHkvc5o8ZKtaduseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvfPyZe2iVLnL4sjDERzDKXhwBRW4hSrUgQHCM7zCm/PgvDjvzse8NedkM4fwB87nD+kUjQk=</latexit>

hot gas is mixed in at the  
same rate that it cools
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vin<latexit sha1_base64="m6bWgCu7Mi2GL/OKuWLBDsG44Ik=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG8FNBfvAdiiZNNOGJpkhyRTKUPAj3LhQxK1/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGHiVFNWp7GIdSskhgmuWN1yK1gr0YzIULBmOLyZ+s0R04bH6sGOExZI0lc84pRYJz2OullHS8zVpFsseWVvBrxK/AUpwQK1bvGr04tpKpmyVBBj2r6X2CAj2nIq2KTQSQ1LCB2SPms7qohkJshmF0/wmVN6OIq1K2XxTP09kRFpzFiGrlMSOzDL3lT8z2unNroOMq6S1DJF54uiVGAb4+n7uMc1o1aMHSFUc3crpgOiCbUupIILwV9+eZU0KmX/oly5vyxV757mceThBE7hHHy4gircQg3qQEHBM7zCGzLoBb2jj3lrDi0iPIY/QJ8/x76Rag==</latexit>

L
<latexit sha1_base64="byj4u7yogaFA9TYVNokTphbC1dA=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzYCFokYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VanfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZRL3nmpXLsoVm6fZnHk4BhO4Aw8uIQK3EAV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8AzYyNXQ==</latexit>

hot
<latexit sha1_base64="yLhgUlDZ0qAbut/Ku9BddvXO+fE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgRfASwTwkWcLsZJIMmdlZZnqFsAT8By8eFPHq53jzb5w8DppY0FBUddPdFSVSWPT9b29ldW19YzO3ld/e2d3bLxwc1q1ODeM1pqU2zYhaLkXMayhQ8mZiOFWR5I1oeD3xG4/cWKHjexwlPFS0H4ueYBSd9JC1jSIDjeNOoeiX/CnIMgnmpAhzVDuFr3ZXs1TxGJmk1rYCP8EwowYFk3ycb6eWJ5QNaZ+3HI2p4jbMpgePyalTuqSnjasYyVT9PZFRZe1IRa5TURzYRW8i/ue1UuxdhZmIkxR5zGaLeqkkqMnke9IVhjOUI0coM8LdStiAGsrQZZR3IQSLLy+TerkUnJfKdxfFyu3TLI4cHMMJnEEAl1CBG6hCDRgoeIZXePOM9+K9ex+z1hVvHuER/IH3+QMLyJD/</latexit>

cold
<latexit sha1_base64="qGR/DB7hjLblHm5HF9agXF94PIo=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgRnBTwT6wHUomk2lD8xiSjFCGgh/hxoUibv0bd/6N6WOhrQcuHM65N7n3RClnxvr+t7eyura+sVnYKm7v7O7tlw4Om0ZlmtAGUVzpdoQN5UzShmWW03aqKRYRp61oeD3xW49UG6bkvR2lNBS4L1nCCLZOesi7WiD3Sjzulcp+xZ8CLZNgTsowR71X+urGimSCSks4NqYT+KkNc6wtI5yOi93M0BSTIe7TjqMSC2rCfLrxGJ06JUaJ0q6kRVP190SOhTEjEblOge3ALHoT8T+vk9nkKsyZTDNLJZl9lGQcWYUm56OYaUosHzmCiWZuV0QGWGNiXUhFF0KwePIyaVYrwXmlendRrt0+zeIowDGcwBkEcAk1uIE6NICAhGd4hTfPeC/eu/cxa13x5hEewR94nz+3+ZFg</latexit>

w
<latexit sha1_base64="oACF7pQutJXOp7HA4fUpisQdyUs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8BL3pLwDwgWcLspJOMmZ1dZmaVsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YhK80jem3GMfkgHkvc5o8ZKtaduseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvfPyZe2iVLnL4sjDERzDKXhwBRW4hSrUgQHCM7zCm/PgvDjvzse8NedkM4fwB87nD+kUjQk=</latexit>

Aw
<latexit sha1_base64="eZzaNLkO1D+F76OViLt45gErfJY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8RL3qLaB6QLGF20kmGzM4uM7NKWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATD64nfeESleSQfzChGP6R9yXucUWOl+6vOU6dYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnfpp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8reafn87qxUuc3iyMMBHMIxeHABFbiBKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPJl2NvQ==</latexit>

surface area of the 
cooling volume 

<latexit sha1_base64="F/29wVMJ/fJQUfrpWDI5r6lbITY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPFiyepaD+gDWWz3bRLN5uwO1FK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU391gPXRsTqHscJ9yM6UCIUjKKV7i57j71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsv/yXNk6p3VnVvTyu1mzyOIhzAIRyDB+dQg2uoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwDJuyNvw==</latexit>

Aw



vin<latexit sha1_base64="m6bWgCu7Mi2GL/OKuWLBDsG44Ik=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG8FNBfvAdiiZNNOGJpkhyRTKUPAj3LhQxK1/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGHiVFNWp7GIdSskhgmuWN1yK1gr0YzIULBmOLyZ+s0R04bH6sGOExZI0lc84pRYJz2OullHS8zVpFsseWVvBrxK/AUpwQK1bvGr04tpKpmyVBBj2r6X2CAj2nIq2KTQSQ1LCB2SPms7qohkJshmF0/wmVN6OIq1K2XxTP09kRFpzFiGrlMSOzDL3lT8z2unNroOMq6S1DJF54uiVGAb4+n7uMc1o1aMHSFUc3crpgOiCbUupIILwV9+eZU0KmX/oly5vyxV757mceThBE7hHHy4gircQg3qQEHBM7zCGzLoBb2jj3lrDi0iPIY/QJ8/x76Rag==</latexit>

L
<latexit sha1_base64="byj4u7yogaFA9TYVNokTphbC1dA=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzYCFokYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VanfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZRL3nmpXLsoVm6fZnHk4BhO4Aw8uIQK3EAV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8AzYyNXQ==</latexit>

hot
<latexit sha1_base64="yLhgUlDZ0qAbut/Ku9BddvXO+fE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgRfASwTwkWcLsZJIMmdlZZnqFsAT8By8eFPHq53jzb5w8DppY0FBUddPdFSVSWPT9b29ldW19YzO3ld/e2d3bLxwc1q1ODeM1pqU2zYhaLkXMayhQ8mZiOFWR5I1oeD3xG4/cWKHjexwlPFS0H4ueYBSd9JC1jSIDjeNOoeiX/CnIMgnmpAhzVDuFr3ZXs1TxGJmk1rYCP8EwowYFk3ycb6eWJ5QNaZ+3HI2p4jbMpgePyalTuqSnjasYyVT9PZFRZe1IRa5TURzYRW8i/ue1UuxdhZmIkxR5zGaLeqkkqMnke9IVhjOUI0coM8LdStiAGsrQZZR3IQSLLy+TerkUnJfKdxfFyu3TLI4cHMMJnEEAl1CBG6hCDRgoeIZXePOM9+K9ex+z1hVvHuER/IH3+QMLyJD/</latexit>

cold
<latexit sha1_base64="qGR/DB7hjLblHm5HF9agXF94PIo=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgRnBTwT6wHUomk2lD8xiSjFCGgh/hxoUibv0bd/6N6WOhrQcuHM65N7n3RClnxvr+t7eyura+sVnYKm7v7O7tlw4Om0ZlmtAGUVzpdoQN5UzShmWW03aqKRYRp61oeD3xW49UG6bkvR2lNBS4L1nCCLZOesi7WiD3Sjzulcp+xZ8CLZNgTsowR71X+urGimSCSks4NqYT+KkNc6wtI5yOi93M0BSTIe7TjqMSC2rCfLrxGJ06JUaJ0q6kRVP190SOhTEjEblOge3ALHoT8T+vk9nkKsyZTDNLJZl9lGQcWYUm56OYaUosHzmCiWZuV0QGWGNiXUhFF0KwePIyaVYrwXmlendRrt0+zeIowDGcwBkEcAk1uIE6NICAhGd4hTfPeC/eu/cxa13x5hEewR94nz+3+ZFg</latexit>

w
<latexit sha1_base64="oACF7pQutJXOp7HA4fUpisQdyUs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8BL3pLwDwgWcLspJOMmZ1dZmaVsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YhK80jem3GMfkgHkvc5o8ZKtaduseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvfPyZe2iVLnL4sjDERzDKXhwBRW4hSrUgQHCM7zCm/PgvDjvzse8NedkM4fwB87nD+kUjQk=</latexit>

Aw
<latexit sha1_base64="eZzaNLkO1D+F76OViLt45gErfJY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8RL3qLaB6QLGF20kmGzM4uM7NKWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATD64nfeESleSQfzChGP6R9yXucUWOl+6vOU6dYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnfpp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8reafn87qxUuc3iyMMBHMIxeHABFbiBKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPJl2NvQ==</latexit>

surface area of the 
cooling volume 

<latexit sha1_base64="F/29wVMJ/fJQUfrpWDI5r6lbITY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPFiyepaD+gDWWz3bRLN5uwO1FK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU391gPXRsTqHscJ9yM6UCIUjKKV7i57j71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsv/yXNk6p3VnVvTyu1mzyOIhzAIRyDB+dQg2uoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwDJuyNvw==</latexit>

Aw

<latexit sha1_base64="8Y+gi4h+drVGAPM84U8sPSxe4AI=">AAACGnicbZC7SgNBFIZn4y3G26qlzWAQYmHcDYo2QsTGQiSCuUA2CbOT2WTI7IWZs0pY9jlsfBUbC0XsxMa3cXIpNPrDwM93zuHM+d1IcAWW9WVk5uYXFpeyy7mV1bX1DXNzq6bCWFJWpaEIZcMligkesCpwEKwRSUZ8V7C6O7gY1et3TCoeBrcwjFjLJ72Ae5wS0Khj2o4nCU3OO/dpctUupfgMO4J5UJjwEU0dyXt92G8nB/ZhKe2YeatojYX/Gntq8miqSsf8cLohjX0WABVEqaZtRdBKiAROBUtzTqxYROiA9FhT24D4TLWS8Wkp3tOki71Q6hcAHtOfEwnxlRr6ru70CfTVbG0E/6s1Y/BOWwkPohhYQCeLvFhgCPEoJ9zlklEQQ20IlVz/FdM+0ZmATjOnQ7BnT/5raqWifVy0bo7y5etpHFm0g3ZRAdnoBJXRJaqgKqLoAT2hF/RqPBrPxpvxPmnNGNOZbfRLxuc3g52gjw==</latexit>

Aw

L2
=

⇣w
L
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vin<latexit sha1_base64="m6bWgCu7Mi2GL/OKuWLBDsG44Ik=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG8FNBfvAdiiZNNOGJpkhyRTKUPAj3LhQxK1/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGHiVFNWp7GIdSskhgmuWN1yK1gr0YzIULBmOLyZ+s0R04bH6sGOExZI0lc84pRYJz2OullHS8zVpFsseWVvBrxK/AUpwQK1bvGr04tpKpmyVBBj2r6X2CAj2nIq2KTQSQ1LCB2SPms7qohkJshmF0/wmVN6OIq1K2XxTP09kRFpzFiGrlMSOzDL3lT8z2unNroOMq6S1DJF54uiVGAb4+n7uMc1o1aMHSFUc3crpgOiCbUupIILwV9+eZU0KmX/oly5vyxV757mceThBE7hHHy4gircQg3qQEHBM7zCGzLoBb2jj3lrDi0iPIY/QJ8/x76Rag==</latexit>

L
<latexit sha1_base64="byj4u7yogaFA9TYVNokTphbC1dA=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzYCFokYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VanfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZRL3nmpXLsoVm6fZnHk4BhO4Aw8uIQK3EAV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8AzYyNXQ==</latexit>

hot
<latexit sha1_base64="yLhgUlDZ0qAbut/Ku9BddvXO+fE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgRfASwTwkWcLsZJIMmdlZZnqFsAT8By8eFPHq53jzb5w8DppY0FBUddPdFSVSWPT9b29ldW19YzO3ld/e2d3bLxwc1q1ODeM1pqU2zYhaLkXMayhQ8mZiOFWR5I1oeD3xG4/cWKHjexwlPFS0H4ueYBSd9JC1jSIDjeNOoeiX/CnIMgnmpAhzVDuFr3ZXs1TxGJmk1rYCP8EwowYFk3ycb6eWJ5QNaZ+3HI2p4jbMpgePyalTuqSnjasYyVT9PZFRZe1IRa5TURzYRW8i/ue1UuxdhZmIkxR5zGaLeqkkqMnke9IVhjOUI0coM8LdStiAGsrQZZR3IQSLLy+TerkUnJfKdxfFyu3TLI4cHMMJnEEAl1CBG6hCDRgoeIZXePOM9+K9ex+z1hVvHuER/IH3+QMLyJD/</latexit>

cold
<latexit sha1_base64="qGR/DB7hjLblHm5HF9agXF94PIo=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgRnBTwT6wHUomk2lD8xiSjFCGgh/hxoUibv0bd/6N6WOhrQcuHM65N7n3RClnxvr+t7eyura+sVnYKm7v7O7tlw4Om0ZlmtAGUVzpdoQN5UzShmWW03aqKRYRp61oeD3xW49UG6bkvR2lNBS4L1nCCLZOesi7WiD3Sjzulcp+xZ8CLZNgTsowR71X+urGimSCSks4NqYT+KkNc6wtI5yOi93M0BSTIe7TjqMSC2rCfLrxGJ06JUaJ0q6kRVP190SOhTEjEblOge3ALHoT8T+vk9nkKsyZTDNLJZl9lGQcWYUm56OYaUosHzmCiWZuV0QGWGNiXUhFF0KwePIyaVYrwXmlendRrt0+zeIowDGcwBkEcAk1uIE6NICAhGd4hTfPeC/eu/cxa13x5hEewR94nz+3+ZFg</latexit>

w
<latexit sha1_base64="oACF7pQutJXOp7HA4fUpisQdyUs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8BL3pLwDwgWcLspJOMmZ1dZmaVsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YhK80jem3GMfkgHkvc5o8ZKtaduseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvfPyZe2iVLnL4sjDERzDKXhwBRW4hSrUgQHCM7zCm/PgvDjvzse8NedkM4fwB87nD+kUjQk=</latexit>

Aw
<latexit sha1_base64="eZzaNLkO1D+F76OViLt45gErfJY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8RL3qLaB6QLGF20kmGzM4uM7NKWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATD64nfeESleSQfzChGP6R9yXucUWOl+6vOU6dYcsvuFGSReBkpQYZqp/jV7kYsCVEaJqjWLc+NjZ9SZTgTOC60E40xZUPax5alkoao/XR66pgcWaVLepGyJQ2Zqr8nUhpqPQoD2xlSM9Dz3kT8z2slpnfpp1zGiUHJZot6iSAmIpO/SZcrZEaMLKFMcXsrYQOqKDM2nYINwZt/eZHUT8reafn87qxUuc3iyMMBHMIxeHABFbiBKtSAQR+e4RXeHOG8OO/Ox6w152Qz+/AHzucPJl2NvQ==</latexit>

inflow rate of fresh hot 
material into mixing layer

<latexit sha1_base64="tiQ9PORHuP03TObN0SBUlwrSpTw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoseAF08SwTwwWcLsZDYZMo9lZjYQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj25nfGlNtmJKPdpLQUOCBZDEj2DrpadzLulogJqe9csWv+nOgVRLkpAI56r3yV7evSCqotIRjYzqBn9gww9oywum01E0NTTAZ4QHtOCqxoCbM5hdP0ZlT+ihW2pW0aK7+nsiwMGYiItcpsB2aZW8m/ud1UhvfhBmTSWqpJItFccqRVWj2PuozTYnlE0cw0czdisgQa0ysC6nkQgiWX14lzYtqcFX1Hy4rtfs8jiKcwCmcQwDXUIM7qEMDCEh4hld484z34r17H4vWgpfPHMMfeJ8/oqmQ7Q==</latexit>vin
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What does it mean to resolve multiphase gas?
To get accurate cooling, growth, and acceleration resolve beginning of turbulent cascade



What does it mean to resolve multiphase gas?
To get accurate phase structure resolve cooling length

Δx
L

=
1
16

Δx
L

=
1
64

Δx
L

=
1

512



What does it mean to resolve multiphase gas?
To get accurate phase structure resolve cooling length

Fielding, Tonnesen, Li+ 2020bAbruzzo, Bryan, Fielding 2020
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