
6. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1
<latexit sha1_base64="nXy9diiABNg05pflMSBPPRe4bY8=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMS1IOHgBePEbNBMoSeTk/SpKdn6K4RwpBP8OJBEa9+kTf/xs4ixO1BweO9KqrqBYkUBl33w8mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W/dcGxGrOo4T7kd0oEQoGEUr3dV7plcseWV3BuL+Il9WCRao9Yrv3X7M0ogrZJIa0/HcBP2MahRM8kmhmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmbo8kdHImHEU2M6I4tD89KbiX14nxfDSz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp7Acwv+keVb2zsuV20qperWIIw9HcAyn4MEFVOEGatAABgN4gCd4dqTz6Lw4r/PWnLOYOYRvcN4+ATuAjcI=</latexit>

Ts

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

www.youtube.com/watch?v=1MA-zEUepvs



4. Natural convection

Thermal expansion coefficient: 

Principle: hot air balloon (montgolfière) 

<latexit sha1_base64="zuoMHgEicC8eItWSd1okwjM0kOQ=">AAAB+nicjVDLSsNAFJ3UV62vVJduBosgCCWVoi5cFHThskJf0IQwmU7aoZNJmLlRQuynuHGhiFu/xJ1/4/SxUFHwwIXDOfdyDydIBNfgOB9WYWl5ZXWtuF7a2Nza3rHLux0dp4qyNo1FrHoB0UxwydrAQbBeohiJAsG6wfhy6ndvmdI8li3IEuZFZCh5yCkBI/l2ueW7XIaQHbtXTADBLd+u1KrODPhvUkELNH373R3ENI2YBCqI1v2ak4CXEwWcCjYpualmCaFjMmR9QyWJmPbyWfQJPjTKAIexMiMBz9SvFzmJtM6iwGxGBEb6pzcVf/P6KYTnXs5lkgKTdP4oTAWGGE97wAOuGAWRGUKo4iYrpiOiCAXTVul/JXROqrXTav2mXmlcLOooon10gI5QDZ2hBrpGTdRGFN2hB/SEnq1769F6sV7nqwVrcbOHvsF6+wR2CZN5</latexit>

T1 +�T

<latexit sha1_base64="OlCiYF7g52ajYmSpbHSisjX3A3k=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJSSSK0KLgpuXFboC5oQJtNJO3QyCTMTIcQu/BU3LhRx62+482+cthGq6IELZ865l7n3+DGjUlnWp1FYWl5ZXSuulzY2t7Z3zN29jowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98fXU794RIWnEWyqNiRuiIacBxUhpyTMPWp5DeaDSilNxxCjKX55ZtqrWDHCBnFn2Zd2Gdq6UQY6mZ344gwgnIeEKMyRl37Zi5WZIKIoZmZScRJIY4TEakr6mHIVEutls/wk81soABpHQxRWcqYsTGQqlTENfd4ZIjeRvbyr+5fUTFVy4GeVxogjH84+ChEEVwWkYcEAFwYqlmiAsqN4V4hESCCsdWUmH8H0p/J90Tqt2vVq7rZUbV3kcRXAIjsAJsME5aIAb0ARtgME9eATP4MV4MJ6MV+Nt3low8pl98APG+xf83pYX</latexit>

T1, ⇢1

<latexit sha1_base64="uJII9DfyxTAUH8P2SqqLG9bxrus=">AAACAHicjZDNS8MwGMbT+TXnV9WDBy/BIXhxtDLUg4eBHjxOcB+wlpFm6RaWpiV5K5Syi/+KFw+KePXP8OZ/Y9btoKLgA4GH3/O+JHmCRHANjvNhlRYWl5ZXyquVtfWNzS17e6et41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfTvPOHVOax/IWsoT5ERlKHnJKwKC+veepUdz3uAwhO/aumACCC2RX3ZpTCP9tqmiuZt9+9wYxTSMmgQqidc91EvBzooBTwSYVL9UsIXRMhqxnrCQR035efGCCDw0Z4DBW5kjABf26kZNI6ywKzGREYKR/ZlP4W9ZLITz3cy6TFJiks4vCVGCI8bQNPOCKURCZMYQqbt6K6YgoQsF0VvlfCe2Tmntaq9/Uq42LeR1ltI8O0BFy0RlqoGvURC1E0QQ9oCf0bN1bj9aL9TobLVnznV30TdbbJ4ULllk=</latexit>

⇢1 ��⇢

<latexit sha1_base64="j2ZF5ImfZRu0Ov5Idntr09xed7I="></latexit>

⇢(T ) = ⇢1 (1� �(T � T1))

<latexit sha1_base64="7QbbJQe6HBSAgEJi6eszit/t06M=">AAACIHicdVBdS8MwFE39nPOr6qMvwSH44mhlbgoKA198nLAvWMdIs3QLS9OSpMIo/Sm++Fd88UERfdNfY9pVnKIHAueec2+Se9yQUaks691YWFxaXlktrBXXNza3ts2d3bYMIoFJCwcsEF0XScIoJy1FFSPdUBDku4x03MlV6nduiZA04E01DUnfRyNOPYqR0tLArDkuUQhewmPHEwjHdhI7Yhwks8oJkVAUMZhp32UzGZglq2xlgHPk1LLPqza0c6UEcjQG5pszDHDkE64wQ1L2bCtU/Ti9EDOSFJ1IkhDhCRqRnqYc+UT242zBBB5qZQi9QOjDFczU+YkY+VJOfVd3+kiN5W8vFf/yepHyzvox5WGkCMezh7yIQRXANC04pIJgxaaaICyo/ivEY6SjUTrTog7ha1P4P2mflO1quXJTKdUv8jgKYB8cgCNggxqog2vQAC2AwR14AE/g2bg3Ho0X43XWumDkM3vgB4yPT7wyo/0=</latexit>

� = �1

⇢

@⇢

@T

<latexit sha1_base64="yNbVAXI+9wCqcIzVJ491XP3+NI0=">AAAB+3icjVDLSgMxFM3UV62vsS7dBIvgqsyIqAuFgiIuK9gHdIaSSe+0oZlkSDJiGforblwo4tYfceffmD4WKgoeuHA4517u4UQpZ9p43odTWFhcWl4prpbW1jc2t9ztclPLTFFoUMmlakdEA2cCGoYZDu1UAUkiDq1oeDHxW3egNJPi1oxSCBPSFyxmlBgrdd3yFT7HwSVwQ3CgBhI3+1234le9KfDfpILmqHfd96AnaZaAMJQTrTu+l5owJ8owymFcCjINKaFD0oeOpYIkoMN8mn2M963Sw7FUdoTBU/XrRU4SrUdJZDcTYgb6pzcRf/M6mYlPw5yJNDMg6OxRnHFsJJ4UgXtMATV8ZAmhitmsmA6IItTYukr/K6F5WPWPq0c3R5Xa2byOItpFe+gA+egE1dA1qqMGougePaAn9OyMnUfnxXmdrRac+c0O+gbn7RPmOpMQ</latexit>

F = �⇢V g

hot fluid rises up 
⇒ natural convection ↔ gravity



4. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>

x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?
<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Fluid flow induced by temperature contrast  
⇒ 1st approximation, single boundary layer

Simplified configuration: vertical wall

We need to solve 2 coupled equations:

Flow equation:

Heat equation:

<latexit sha1_base64="9v3QiaEfCaPjpiD/6kl2o6HWfnA="></latexit>

⇢
@u

@t
+ ⇢(u.r)u = �rP + ⌘�u+ ⇢1(1� �(T � T1))g

<latexit sha1_base64="gD8Z5/2HcFfeYZQHFiJqcAc9mRc="></latexit>

@T

@t
+ (u.r)T = ↵�T

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L



4. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>

x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Profiles in the boundary layer

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="K6MaeyGzTYHrDvN3HOBvOa2F0GA=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjMi6sFDwIvHCGaBZAg9nZqkTU/30F0jhJB/8OJBEa/+jzf/xs4ixO1BweO9KqrqRakUFn3/w8stLa+sruXXCxubW9s7xd29utWZ4VDjWmrTjJgFKRTUUKCEZmqAJZGERjS4mviNezBWaHWLwxTChPWUiAVn6KR6G/uArFMsBWV/Cur/Il9WicxR7RTf213NswQUcsmsbQV+iuGIGRRcwrjQziykjA9YD1qOKpaADUfTa8f0yCldGmvjSiGdqosTI5ZYO0wi15kw7Nuf3kT8y2tlGF+EI6HSDEHx2aI4kxQ1nbxOu8IARzl0hHEj3K2U95lhHF1AhcUQ/if1k3JwVj69OS1VLudx5MkBOSTHJCDnpEKuSZXUCCd35IE8kWdPe4/ei/c6a81585l98g3e2yeml48s</latexit>

✓
<latexit sha1_base64="NV8XE57h7CPosj+T5oKyitIr1D0=">AAAB/HicdVBNS8NAEN34WetXtEcvi0XwYkmkVgWFghePFfoFbSmb7aZdutmE3YkQQv0rXjwo4tUf4s1/47aNUEUfDDzem2FmnhcJrsFxPq2l5ZXVtfXcRn5za3tn197bb+owVpQ1aChC1faIZoJL1gAOgrUjxUjgCdbyxjdTv3XPlOahrEMSsV5AhpL7nBIwUt8udGHEgOBrXD+p97tc+pD07aJTcmbAC+TMcS8rLnYzpYgy1Pr2R3cQ0jhgEqggWndcJ4JeShRwKtgk3401iwgdkyHrGCpJwHQvnR0/wUdGGWA/VKYk4Jm6OJGSQOsk8ExnQGCkf3tT8S+vE4N/0Uu5jGJgks4X+bHAEOJpEnjAFaMgEkMIVdzciumIKELB5JU3IXx/iv8nzdOSWymV78rF6lUWRw4doEN0jFx0jqroFtVQA1GUoEf0jF6sB+vJerXe5q1LVjZTQD9gvX8BtPCUKw==</latexit>

✓ = T � T1



4. Natural convection
Doing our best to simplify !

<latexit sha1_base64="9v3QiaEfCaPjpiD/6kl2o6HWfnA="></latexit>

⇢
@u

@t
+ ⇢(u.r)u = �rP + ⌘�u+ ⇢1(1� �(T � T1))g

steady Boussinesq approximation: 
except in  

<latexit sha1_base64="tp7Bd1oG+L60jgDlFGwHBZunXD4=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJVEalVwUXDjsoJ9QBPCZDpph04mcWYihNiFv+LGhSJu/Q13/o2TNkIVPXDhcM693HuPHzMqlWV9GqWFxaXllfJqZW19Y3PL3N7pyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcfX+Z+944ISSN+o9KYuCEachpQjJSWPHPPEaPIkTQktzCnnkN5oFLPrFo1awo4R04s+7xhQ7tQqqBAyzM/nEGEk5BwhRmSsm9bsXIzJBTFjEwqTiJJjPAYDUlfU45CIt1sev8EHmplAINI6OIKTtX5iQyFUqahrztDpEbyt5eLf3n9RAVnbkZ5nCjC8WxRkDCoIpiHAQdUEKxYqgnCgupbIR4hgbDSkVV0CN+fwv9J57hmN2r163q1eVHEUQb74AAcARucgia4Ai3QBhjcg0fwDF6MB+PJeDXeZq0lo5jZBT9gvH8Bf9uWag==</latexit>⇢ ' ⇢1
<latexit sha1_base64="0/uo1R6iOrGzDoiu0E0dBzu4wRQ=">AAAB9XicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgUPBS8eK9gPaGLZbDbt0k027G6UEvo/vHhQxKv/xZv/xm0boYo+GHi8N8PMPD/hTGnb/rQKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH11N/c49lYqJ+FaPE+pFeBCzkBGsjXSHXDkUyPUFD7LBpF+u2FV7BrRATm3nou4gJ1cqkKPZL3+4gSBpRGNNOFaq59iJ9jIsNSOcTkpuqmiCyQgPaM/QGEdUedns6gk6MkqAQiFNxRrN1MWJDEdKjSPfdEZYD9Vvbyr+5fVSHZ57GYuTVNOYzBeFKUdaoGkEKGCSEs3HhmAimbkVkSGWmGgTVMmE8P0p+p+0T6pOvVq7qVUal3kcRTiAQzgGB86gAdfQhBYQkPAIz/BiPVhP1qv1Nm8tWPnMPvyA9f4FRtKSYA==</latexit>⇢g

<latexit sha1_base64="tp7Bd1oG+L60jgDlFGwHBZunXD4=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJVEalVwUXDjsoJ9QBPCZDpph04mcWYihNiFv+LGhSJu/Q13/o2TNkIVPXDhcM693HuPHzMqlWV9GqWFxaXllfJqZW19Y3PL3N7pyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcfX+Z+944ISSN+o9KYuCEachpQjJSWPHPPEaPIkTQktzCnnkN5oFLPrFo1awo4R04s+7xhQ7tQqqBAyzM/nEGEk5BwhRmSsm9bsXIzJBTFjEwqTiJJjPAYDUlfU45CIt1sev8EHmplAINI6OIKTtX5iQyFUqahrztDpEbyt5eLf3n9RAVnbkZ5nCjC8WxRkDCoIpiHAQdUEKxYqgnCgupbIR4hgbDSkVV0CN+fwv9J57hmN2r163q1eVHEUQb74AAcARucgia4Ai3QBhjcg0fwDF6MB+PJeDXeZq0lo5jZBT9gvH8Bf9uWag==</latexit>⇢ ' ⇢1

for a uniform temperature              and   
<latexit sha1_base64="2AxxCDijSLoTUqQ6xjW12qUr9hs=">AAAB8nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhUUCl48VrAfsF1KNpu2odlkSbJCWfozvHhQxKu/xpv/xrRdQUUfDDzem2FmXphwpo3rfjiFpeWV1bXiemljc2t7p7y719YyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx9czv3NPlWZS3JlJQoMYDwUbMIKNlXzUCyWPsnR65fbLFbfqzoG+kVPXu6h7yMuVCuRo9svvvUiSNKbCEI619j03MUGGlWGE02mpl2qaYDLGQ+pbKnBMdZDNT56iI6tEaCCVLWHQXP0+keFY60kc2s4Ym5H+7c3Evzw/NYPzIGMiSQ0VZLFokHJkJJr9jyKmKDF8YgkmitlbERlhhYmxKZVsCF+fov9J+6Tq1au121qlcZnHUYQDOIRj8OAMGnADTWgBAQkP8ATPjnEenRfnddFacPKZffgB5+0T2CGQ+A==</latexit>

u = 0
<latexit sha1_base64="l9kQcfHBktcEcB4pDEt3W4DEt6I=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoKAS8eIyQmmIQwO5lNhszOLjO9QljyF148KOLVv/Hm3zh5CFG0oKGo6qa7y4+lMOi6n05maXlldS27ntvY3Nreye/u3Zko0YzXWSQj3fSp4VIoXkeBkjdjzWnoS97wh9cTv/HAtRGRquEo5p2Q9pUIBKNopfvaVa3bFirAUTdfcIvuFGSBnLreRdkj3lwpwBzVbv6j3YtYEnKFTFJjWp4bYyelGgWTfJxrJ4bHlA1pn7csVTTkppNOLx6TI6v0SBBpWwrJVF2cSGlozCj0bWdIcWB+exPxL6+VYHDeSYWKE+SKzRYFiSQYkcn7pCc0ZyhHllCmhb2VsAHVlKENKWdD+P6U/E/uTopeuVi6LRUql/M4snAAh3AMHpxBBW6gCnVgoOARnuHFMc6T8+q8zVozznxmH37Aef8CasCQwQ==</latexit>

T = T1
<latexit sha1_base64="w6joiBJP1U7g3MZg9exEI1RMD/c="></latexit>

) �rP + ⇢1g = 0

We assume to get the same         in the presence of convection (1st order approximation) 
<latexit sha1_base64="c4MDsI3a00O6VYfhPq4VJmbLCGk=">AAAB/XicdVDLSgMxFM34rPVVHzs3wSK4KjNSq4KLghuXFewDOkO5k2ba0ExmSDJCHYq/4saFIm79D3f+jZl2hCp6IeRwzrnk5PgxZ0rb9qe1sLi0vLJaWCuub2xubZd2dlsqSiShTRLxSHZ8UJQzQZuaaU47saQQ+py2/dFVprfvqFQsErd6HFMvhIFgASOgDdUr7bt+xPtqHJordQX4HCaNXqlsV+zp4DlwajsXNQc7OVNG+Rj/h9uPSBJSoQkHpbqOHWsvBakZ4XRSdBNFYyAjGNCugQJCqrx0mn6CjwzTx0EkzREaT9n5jRRClQU0zhD0UP3WMvIvrZvo4NxLmYgTTQWZPRQkHOsIZ1XgPpOUaD42AIhkJismQ5BAtCmsaEr4/in+H7ROKk6tUr2pluuXeR0FdIAO0TFy0Bmqo2vUQE1E0D16RM/oxXqwnqxX621mXbDynT30Y6z3L0bTlcE=</latexit>rP

Remains
<latexit sha1_base64="gO9IAcAflIu/chphB5TnLTo2rBE="></latexit>

⇢1(u.r)u ' ⌘�u+ ⇢1�✓g with
<latexit sha1_base64="NV8XE57h7CPosj+T5oKyitIr1D0=">AAAB/HicdVBNS8NAEN34WetXtEcvi0XwYkmkVgWFghePFfoFbSmb7aZdutmE3YkQQv0rXjwo4tUf4s1/47aNUEUfDDzem2FmnhcJrsFxPq2l5ZXVtfXcRn5za3tn197bb+owVpQ1aChC1faIZoJL1gAOgrUjxUjgCdbyxjdTv3XPlOahrEMSsV5AhpL7nBIwUt8udGHEgOBrXD+p97tc+pD07aJTcmbAC+TMcS8rLnYzpYgy1Pr2R3cQ0jhgEqggWndcJ4JeShRwKtgk3401iwgdkyHrGCpJwHQvnR0/wUdGGWA/VKYk4Jm6OJGSQOsk8ExnQGCkf3tT8S+vE4N/0Uu5jGJgks4X+bHAEOJpEnjAFaMgEkMIVdzciumIKELB5JU3IXx/iv8nzdOSWymV78rF6lUWRw4doEN0jFx0jqroFtVQA1GUoEf0jF6sB+vJerXe5q1LVjZTQD9gvX8BtPCUKw==</latexit>

✓ = T � T1

<latexit sha1_base64="ah6W7pKpgMg/k2OB8HRF0hfnRdU="></latexit>

@✓

@t
+ (u.r)✓ = ↵�✓

steady



4. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>

x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Balance shear force on the wall / buoyancy force

<latexit sha1_base64="K6MaeyGzTYHrDvN3HOBvOa2F0GA=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjMi6sFDwIvHCGaBZAg9nZqkTU/30F0jhJB/8OJBEa/+jzf/xs4ixO1BweO9KqrqRakUFn3/w8stLa+sruXXCxubW9s7xd29utWZ4VDjWmrTjJgFKRTUUKCEZmqAJZGERjS4mviNezBWaHWLwxTChPWUiAVn6KR6G/uArFMsBWV/Cur/Il9WicxR7RTf213NswQUcsmsbQV+iuGIGRRcwrjQziykjA9YD1qOKpaADUfTa8f0yCldGmvjSiGdqosTI5ZYO0wi15kw7Nuf3kT8y2tlGF+EI6HSDEHx2aI4kxQ1nbxOu8IARzl0hHEj3K2U95lhHF1AhcUQ/if1k3JwVj69OS1VLudx5MkBOSTHJCDnpEKuSZXUCCd35IE8kWdPe4/ei/c6a81585l98g3e2yeml48s</latexit>

✓
shear stress

<latexit sha1_base64="6dShi42JCsthqySTilDP6nBR1i4="></latexit>

� = ⌘

@u

z

@x

����
x=0

in terms of scaling:
<latexit sha1_base64="FGmQ6uIsIjgjRyIcncaIzk9Iqq8=">AAACEnicdVBNS8NAEN34WetX1aOXxSLopSTiJ3goePFYwarQ1LLZTtrFzSbsToQS+hu8+Fe8eFDEqydv/hs3bQQVfTDD470ZducFiRQGXffDmZicmp6ZLc2V5xcWl5YrK6sXJk41hyaPZayvAmZACgVNFCjhKtHAokDCZXBzkvuXt6CNiNU5DhJoR6ynRCg4Qyt1KttN34iI+qFmPOv5ASDzsW879bsgkV3vDDNfpcNyuVOpujV3BPqN7Lne0b5HvUKpkgKNTuXd78Y8jUAhl8yYlucm2M6YRsElDMt+aiBh/Ib1oGWpYhGYdjY6aUg3rdKlYaxtKaQj9ftGxiJjBlFgJyOGffPby8W/vFaK4WE7EypJERQfPxSmkmJM83xoV2jgKAeWMK6F/SvlfWbTQZtiHsLXpfR/crFT8/Zru2e71fpxEUeJrJMNskU8ckDq5JQ0SJNwckceyBN5du6dR+fFeR2PTjjFzhr5AeftE+banZo=</latexit>

U ⇠ g�✓�2

⌫

<latexit sha1_base64="joHUz5RQXUP32WfQhA1QObX0zLk="></latexit>

⌘
U

�
⇠ ⇢1g�✓�

<latexit sha1_base64="rQecdPmmMgv3gGiJhZIZPUh6+nY="></latexit>

W

Z
z

0
⌘

@u

z

@x

����
x=0

dz = W

Z
z

0
⇢1g�✓�(z) dz



4. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>

x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Heat equation

<latexit sha1_base64="K6MaeyGzTYHrDvN3HOBvOa2F0GA=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjMi6sFDwIvHCGaBZAg9nZqkTU/30F0jhJB/8OJBEa/+jzf/xs4ixO1BweO9KqrqRakUFn3/w8stLa+sruXXCxubW9s7xd29utWZ4VDjWmrTjJgFKRTUUKCEZmqAJZGERjS4mviNezBWaHWLwxTChPWUiAVn6KR6G/uArFMsBWV/Cur/Il9WicxR7RTf213NswQUcsmsbQV+iuGIGRRcwrjQziykjA9YD1qOKpaADUfTa8f0yCldGmvjSiGdqosTI5ZYO0wi15kw7Nuf3kT8y2tlGF+EI6HSDEHx2aI4kxQ1nbxOu8IARzl0hHEj3K2U95lhHF1AhcUQ/if1k3JwVj69OS1VLudx5MkBOSTHJCDnpEKuSZXUCCd35IE8kWdPe4/ei/c6a81585l98g3e2yeml48s</latexit>

✓

<latexit sha1_base64="ah6W7pKpgMg/k2OB8HRF0hfnRdU="></latexit>

@✓

@t
+ (u.r)✓ = ↵�✓

<latexit sha1_base64="s5t44KS2gxV8C0QB248hWZ7lj6s=">AAAB83icdVDLSsNAFJ3UV42vqks3g0VwVRKpVcFFwY3LCvYBTQiT6aQdOpmEeYg19DfcuFDErT/jzr9x0kaoogcuHM65l3vvCVNGpXKcT6u0tLyyulZetzc2t7Z3Krt7HZlogUkbJywRvRBJwignbUUVI71UEBSHjHTD8VXud++IkDTht2qSEj9GQ04jipEykqeDB284hDq4t+2gUnVqzgxwgZw67kXDhW6hVEGBVlD58AYJ1jHhCjMkZd91UuVnSCiKGZnanpYkRXiMhqRvKEcxkX42u3kKj4wygFEiTHEFZ+riRIZiKSdxaDpjpEbyt5eLf3l9raJzP6M81YpwPF8UaQZVAvMA4IAKghWbGIKwoOZWiEdIIKxMTHkI35/C/0nnpOY2avWberV5WcRRBgfgEBwDF5yBJrgGLdAGGKTgETyDF0tbT9ar9TZvLVnFzD74Aev9CwTGkQM=</latexit>

u
z

� u
x

we consider

and 
<latexit sha1_base64="Soy+X9icoben4Dh2kFzXAev7JHo=">AAAB9HicdVBNS8NAEJ3Urxq/qh69LBbBU0lEq4KHghePFewHNKFsNpt06WYTdzeFWvo7vHhQxKs/xpv/xqSNUEUfDDzem2FmnpdwprRlfRqlpeWV1bXyurmxubW9U9nda6s4lYS2SMxj2fWwopwJ2tJMc9pNJMWRx2nHG17nfmdEpWKxuNPjhLoRDgULGME6k9wHJwyR41OusWn2K1WrZs2AFsiZZV/WbWQXShUKNPuVD8ePSRpRoQnHSvVsK9HuBEvNCKdT00kVTTAZ4pD2MipwRJU7mR09RUeZ4qMgllkJjWbq4sQER0qNIy/rjLAeqN9eLv7l9VIdXLgTJpJUU0Hmi4KUIx2jPAHkM0mJ5uOMYCJZdisiAywx0VlOeQjfn6L/SfukZtdrp7en1cZVEUcZDuAQjsGGc2jADTShBQTu4RGe4cUYGU/Gq/E2by0Zxcw+/IDx/gWXKZFT</latexit>

z � �

in terms of scaling:

<latexit sha1_base64="9/7RzycUBa39jFti8sEZyYA09sQ="></latexit>

uz
@✓

@z

' ↵

@

2
✓

@x

2

<latexit sha1_base64="7221gLeHHDeUc5w+l9GhTiTOO8U=">AAACEHicdVC7SgNBFJ2NrxhfUUubwSBahd0Qo4JFwMYygnlAdg13Z2eTIbMPZmaFuOwn2PgrNhaK2Fra+TdOHkIUPXDhzDn3MvceN+ZMKtP8NHILi0vLK/nVwtr6xuZWcXunJaNEENokEY9ExwVJOQtpUzHFaScWFAKX07Y7vBj77VsqJIvCazWKqRNAP2Q+I6C01Cse2r4Akjaz9C6zJQvw9G0DjweQpbZHuYKbStYrlsyyOQGeI8emdVazsDVTSmiGRq/4YXsRSQIaKsJByq5lxspJQShGOM0KdiJpDGQIfdrVNISASiedHJThA6142I+ErlDhiTo/kUIg5ShwdWcAaiB/e2PxL6+bKP/USVkYJ4qGZPqRn3CsIjxOB3tMUKL4SBMgguldMRmATkTpDAs6hO9L8f+kVSlbtXL1qlqqn8/iyKM9tI+OkIVOUB1dogZqIoLu0SN6Ri/Gg/FkvBpv09acMZvZRT9gvH8BUxOeBg==</latexit>

U

z
⇠ ↵

�2

with the previous relation:

<latexit sha1_base64="9HnHU+8J5u2jIBgV1B7y1ADEkaw="></latexit>

g�✓�2

⌫z
⇠ ↵

�2
<latexit sha1_base64="hxgnJtDmVKjFv610x41tNmKMw0M="></latexit>

� ⇠
✓

⌫↵

�✓g
z
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4. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>

x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?
<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Getting the heat flux

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="oD/mCHH0P8CyIC8RHBctk3CzU24="></latexit>

JT = 

@T

@x

⇠ 

✓

�

⇠ 

✓

L

Nu

<latexit sha1_base64="GGNiLusmhVtzWwHnItNu15X74Qk=">AAACCXicdVDLSsNAFJ34rPUVdelmsAiuaiK1KrgouHElVewDmlgm00k7dCYJMxOhhGzd+CtuXCji1j9w5984aVOoogcGzpxzL/fe40WMSmVZX8bc/MLi0nJhpbi6tr6xaW5tN2UYC0waOGShaHtIEkYD0lBUMdKOBEHcY6TlDS8yv3VPhKRhcKtGEXE56gfUpxgpLXVN6HCkBoInV3HqSMqn3xuU3iX2YSXtmiWrbI0BZ8ixZZ9VbWjnSgnkqHfNT6cX4piTQGGGpOzYVqTcBAlFMSNp0YkliRAeoj7paBogTqSbjC9J4b5WetAPhX6BgmN1tiNBXMoR93Rltqj87WXiX14nVv6pm9AgihUJ8GSQHzOoQpjFAntUEKzYSBOEBdW7QjxAAmGlwyvqEKaXwv9J86hsV8uV60qpdp7HUQC7YA8cABucgBq4BHXQABg8gCfwAl6NR+PZeDPeJ6VzRt6zA37A+PgGZTGaww==</latexit>

Nu ⇠ Ra1/4

Rayleigh number:

<latexit sha1_base64="sCPKntRWv5XwbEEzMIfUfS20mKE="></latexit>

Ra =
�gL3✓

⌫↵

convection velocity:
<latexit sha1_base64="5YN3ofO520LqQllcm3hyJLidbNY=">AAACBnicdVDLSgNBEJyNrxhfqx5FGAxCvMTdEKOCh4AXjxFMImRjmJ1MkiGzD2Z6hbjk5MVf8eJBEa9+gzf/xtlkhSha0FBUddPd5YaCK7CsTyMzN7+wuJRdzq2srq1vmJtbDRVEkrI6DUQgr12imOA+qwMHwa5DyYjnCtZ0h+eJ37xlUvHAv4JRyNoe6fu8xykBLXXM3bqjuFdwXAYE97EDg4TcHdzE9mFp3DHzVtGaAM+QI8s+rdjYTpU8SlHrmB9ON6CRx3yggijVsq0Q2jGRwKlg45wTKRYSOiR91tLUJx5T7Xjyxhjva6WLe4HU5QOeqLMTMfGUGnmu7vQIDNRvLxH/8loR9E7aMffDCJhPp4t6kcAQ4CQT3OWSURAjTQiVXN+K6YBIQkEnl9MhfH+K/yeNUtGuFMuX5Xz1LI0ji3bQHiogGx2jKrpANVRHFN2jR/SMXowH48l4Nd6mrRkjndlGP2C8fwFaLpfE</latexit>

U ⇠ (�g✓z)1/2



4.1 Human plume

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1
<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

Getting the heat flux

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="wIusvlP1N8cST8y567tCPYUCsNw=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBFcSEmkVgWFghtxVbEvaEKYTKft0JkkzkyEErpz46+4caGIW3/BnX/jpI1QRQ9cOJxzL/fe40eMSmVZn8bM7Nz8wmJuKb+8srq2bm5sNmQYC0zqOGShaPlIEkYDUldUMdKKBEHcZ6TpDy5Sv3lHhKRhUFPDiLgc9QLapRgpLXnmTvX8yqvBG+hIyskttC3LOXA4Un3Bk+bIMwtW0RoDTpEjyz4t29DOlALIUPXMD6cT4piTQGGGpGzbVqTcBAlFMSOjvBNLEiE8QD3S1jRAnEg3Gf8xgnta6cBuKHQFCo7V6YkEcSmH3Ned6YXyt5eKf3ntWHVP3IQGUaxIgCeLujGDKoRpKLBDBcGKDTVBWFB9K8R9JBBWOrq8DuH7U/g/aRwW7XKxdF0qVM6yOHJgG+yCfWCDY1ABl6AK6gCDe/AInsGL8WA8Ga/G26R1xshmtsAPGO9fsXmX9Q==</latexit>

P = JTS ' 100W

<latexit sha1_base64="L+4TpemCQYo2hnilgTqfr71d+CM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEFxKSUquCi4IblxXtA5pYJtNJO3QmiTMToYTixl9x40IRt36FO//GSVuhih4YOJxzLnPv8WNGpbLtTyM3N7+wuJRfLqysrq1vmJtbDRklApM6jlgkWj6ShNGQ1BVVjLRiQRD3GWn6g/PMb94RIWkUXqthTDyOeiENKEZKSx1z58qVlJNb6FgV99DlSPUFT/noptQxi7ZljwFnyJHtnFYcHZ8oRTBFrWN+uN0IJ5yECjMkZduxY+WlSCiKGRkV3ESSGOEB6pG2piHiRHrp+IQR3NdKFwaR0C9UcKzOTqSISznkvk5mO8rfXib+5bUTFZx4KQ3jRJEQTz4KEgZVBLM+YJcKghUbaoKwoHpXiPtIIKx0awVdwvel8H/SKFlOxSpflovVs2kdebAL9sABcMAxqIILUAN1gME9eATP4MV4MJ6MV+NtEs0Z05lt8APG+xcknZaj</latexit>

S ' 1.6m2

Naked human: confort for
<latexit sha1_base64="DvT4NwtBcJjnDJabIL4Np9v/dPE="></latexit>

T1 ⇠ 27�C ) ✓ ⇠ 10�C
<latexit sha1_base64="gZXrEHE6okk5l25SCyUPExS/l7o="></latexit>

Ra ⇠ 3.1010 ) Nu ⇠ 400 ) hT =


L
Nu ⇠ 6.5W.m�1.K�1

<latexit sha1_base64="yDPa37D/9zjSSpqHMlFl2vxEnM8="></latexit>

JT = hT (Ts � T1) ⇠ 65W/m2

good order of magnitude

<latexit sha1_base64="su1gWnoJLtLjBJFWUSmusEwZGMk="></latexit>

hT =


L
Nu ⇠ 6.5W.m�2.K�1



4.1 Human plume

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1
<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

with a sweater: same 

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="notDPk9dXf18GVE0iN/ZhqaK/LE=">AAACDnicdVDLSgMxFM34rPVVdekmWApuLDNSq4KLQjcuK/QFnXHIpJk2NMkMSUYYhn6BG3/FjQtF3Lp259+YPoQqeuDC4Zx7ufeeIGZUadv+tJaWV1bX1nMb+c2t7Z3dwt5+W0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gVJ/4nTsiFY1EU6cx8TgaCBpSjLSR/EKp6St4Apu+S0WoU1dRDh371sVUYpcjPZQ8q4/9QtEu21PABXJmO5dVBzpzpQjmaPiFD7cf4YQToTFDSvUcO9ZehqSmmJFx3k0UiREeoQHpGSoQJ8rLpu+MYckofRhG0pTQcKouTmSIK5XywHROLlS/vYn4l9dLdHjhZVTEiSYCzxaFCYM6gpNsYJ9KgjVLDUFYUnMrxEMkEdYmwbwJ4ftT+D9pn5adarlyUynWruZx5MAhOALHwAHnoAauQQO0AAb34BE8gxfrwXqyXq23WeuSNZ85AD9gvX8BPrSbow==</latexit>

Ts � T1 ⇠ 10�C

could be
<latexit sha1_base64="ERVZqrT5yy7fLXsNbwXbGOhGne0=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgqiSltgouCt24rNAXNDFMptN26EwSZiZCCV248VfcuFDErR/hzr9x0kaoogcuHM65l3vv8SNGpbKsTyO3tr6xuZXfLuzs7u0fmIdHXRnGApMODlko+j6ShNGAdBRVjPQjQRD3Gen502bq9+6IkDQM2moWEZejcUBHFCOlJc8stj0JHUk5rNRvHUwFdjhSE8GT5twzS1bZWgCukHPLvqzZ0M6UEsjQ8swPZxjimJNAYYakHNhWpNwECUUxI/OCE0sSITxFYzLQNECcSDdZPDGHp1oZwlEodAUKLtTViQRxKWfc153phfK3l4p/eYNYjS7chAZRrEiAl4tGMYMqhGkicEgFwYrNNEFYUH0rxBMkEFY6t4IO4ftT+D/pVsp2rVy9qZYaV1kceVAEJ+AM2KAOGuAatEAHYHAPHsEzeDEejCfj1XhbtuaMbOYY/IDx/gUUeZfB</latexit>

Ts ⇠ 27�C
<latexit sha1_base64="2MhEE/Me390Vv1A9ih/1HcpSyfY=">AAACCXicdVDLSgMxFM3UV62vqks3wSK4KjNSWwUXhW5cVugLOmPJpJk2NMkMSUYoQ7du/BU3LhRx6x+482/MtCNU0QMXDufcy733+BGjStv2p5VbWV1b38hvFra2d3b3ivsHHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT9SSP1u3dEKhqKlp5GxONoJGhAMdJGGhRha+BSEegpdBXl0KnduphK7HKkx5InjdmgWLLL9hxwiZzbzmXVgU6mlECG5qD44Q5DHHMiNGZIqb5jR9pLkNQUMzIruLEiEcITNCJ9QwXiRHnJ/JMZPDHKEAahNCU0nKvLEwniSk25bzrTC9VvLxX/8vqxDi68hIoo1kTgxaIgZlCHMI0FDqkkWLOpIQhLam6FeIwkwtqEVzAhfH8K/yeds7JTLVduKqX6VRZHHhyBY3AKHFADdXANmqANMLgHj+AZvFgP1pP1ar0tWnNWNnMIfsB6/wItVJoF</latexit>

T1 ⇠ 17�C and

Thickness of the sweater? 

compatible IR imaging 

<latexit sha1_base64="TOg3emjMYbaxM7BPh6w8qLbIxJg=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgUPBS8eK/QL2lA2m027dJONuxshhP4JLx4U8erf8ea/cdtGqKIPBh7vzTAzz4s5U9q2P63Cyura+kZxs7S1vbO7V94/6CiRSELbRHAhex5WlLOItjXTnPZiSXHocdr1Jjczv/tApWIiauk0pm6IRxELGMHaSL3WMPOEn06H5YpdtedAS+Tcdq7qDnJypQI5msPyx8AXJAlppAnHSvUdO9ZuhqVmhNNpaZAoGmMywSPaNzTCIVVuNr93ik6M4qNASFORRnN1eSLDoVJp6JnOEOux+u3NxL+8fqKDSzdjUZxoGpHFoiDhSAs0ex75TFKieWoIJpKZWxEZY4mJNhGVTAjfn6L/Sees6tSrtbtapXGdx1GEIziGU3DgAhpwC01oAwEOj/AML9a99WS9Wm+L1oKVzxzCD1jvX3EukDw=</latexit>

T
body

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="kgSpZhks+KGjFB/YT/IjZcKFe+8=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jZNkhSha0FBUddPd5cWCK23bn1ZuZXVtfSO/Wdja3tndK+4ftFSUSIZNFolIdjyqUPAQm5prgZ1YIg08gW1vfDPz2w8oFY/COz2J0Q3oMOQ+Z1QbqTHqF0t22Z6DLJFz27mqOsTJlBJkqPeLH71BxJIAQ80EVarr2LF2Uyo1ZwKnhV6iMKZsTIfYNTSkASo3nR86JSdGGRA/kqZCTebq8kRKA6UmgWc6A6pH6rc3E//yuon2L92Uh3GiMWSLRX4iiI7I7Gsy4BKZFhNDKJPc3ErYiErKtMmmYEL4/pT8T1pnZadarjQqpdp1FkcejuAYTsGBC6jBLdShCQwQHuEZXqx768l6td4WrTkrmzmEH7DevwDuJ40F</latexit>

h

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?
<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?
<latexit sha1_base64="IEdca12vKLuqySXPRHz/KxPO1n8="></latexit>


wool

⇠ 0.05W.m�1.K�1

<latexit sha1_base64="eAqOthsiJd32DWjDOMZlTY9E6v8="></latexit>

J
T

=

wool

h
(T

body

� T
s

)

<latexit sha1_base64="fnxQsGXnYd/QYN7AQ9uMbNnegX4=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwIWVGaq3gouDGZQX7gM5QMmmmDU0yQ5IR6lD8FTcuFHHrf7jzb8y0I1TRA4HDOfdyT04QM6q043xaC4tLyyurhbXi+sbm1ra9s9tSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZX77jkhFI3GrxzHxORoIGlKMtJF69v7QU5TDmnficaSHkqecT3p2ySk7U8A5cua4F1UXurlSAjkaPfvD60c44URozJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGCsSJ8tNp+gk8MkofhpE0T2g4Vec3UsSVGvPATGYR1W8vE//yuokOa35KRZxoIvDsUJgwqCOYVQH7VBKs2dgQhCU1WSEeIomwNoUVTQnfP4X/k9Zp2a2WKzeVUv0yr6MADsAhOAYuOAd1cA0aoAkwuAeP4Bm8WA/Wk/Vqvc1GF6x8Zw/8gPX+BWDTlTA=</latexit>

h ⇠ 8mm



4.2 Building an igloo
<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?
<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="7QTVh7ubWjalDy+cZQK9cwZypw8=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgUXBTcuW7APaAfJpHfa2ExmSDJCKf0CNy4UcesnufNvTNsRquiBwOGcc8m9J0gE18Z1P53c0vLK6lp+vbCxubW9U9zda+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1geD31Ww+oNI/lrRkl6Ee0L3nIGTVWqtfuiiW37M5AFsiZ611WPOJlSgky2PxHtxezNEJpmKBadzw3Mf6YKsOZwEmhm2pMKBvSPnYslTRC7Y9ni07IkVV6JIyVfdKQmbo4MaaR1qMosMmImoH+7U3Fv7xOasILf8xlkhqUbP5RmApiYjK9mvS4QmbEyBLKFLe7EjagijJjuynYEr4vJf+T5knZq5RP66el6lVWRx4O4BCOwYNzqMIN1KABDBAe4RlenHvnyXl13ubRnJPN7MMPOO9fyceM7Q==</latexit>

P

<latexit sha1_base64="EhK2bgJDb+YrLDQwaWi4qCX4oQQ=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmJMIFnC7KQ3GTP7YGZWCEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zdu1NRIhk2WSQi2faoQsFDbGquBbZjiTTwBLa80dXUbz2gVDwKb/U4Rjegg5D7nFFtpMZNr1iyy/YMZIGc2s5F1SFOppQgQ71X/Oj2I5YEGGomqFIdx461m1KpORM4KXQThTFlIzrAjqEhDVC56ezQCTkySp/4kTQVajJTFydSGig1DjzTGVA9VL+9qfiX10m0f+6mPIwTjSGbL/ITQXREpl+TPpfItBgbQpnk5lbChlRSpk02BRPC96fkf3J3Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6t56sV+tt3pqzspl9+AHr/QvMz4zv</latexit>

R

<latexit sha1_base64="jGmVIXh5in/OoeFOxwPxETq/WNI=">AAACCXicdVDLSsNAFJ3UV62vqEs3g0VwISUptSpYKLgRV1X6giaGyXTSDp08mJkIJXTrxl9x40IRt/6BO//GSRuhih64cDjnXu69x40YFdIwPrXcwuLS8kp+tbC2vrG5pW/vtEUYc0xaOGQh77pIEEYD0pJUMtKNOEG+y0jHHV2kfueOcEHDoCnHEbF9NAioRzGSSnJ0WLYiCm9uy/DKacJaA9bKhmEdWT6SQ+4nnYmjF42SMQWcI8eGeVY1oZkpRZCh4egfVj/EsU8CiRkSomcakbQTxCXFjEwKVixIhPAIDUhP0QD5RNjJ9JMJPFBKH3ohVxVIOFXnJxLkCzH2XdWZXih+e6n4l9eLpXdqJzSIYkkCPFvkxQzKEKaxwD7lBEs2VgRhTtWtEA8RR1iq8AoqhO9P4f+kXS6Z1VLlulKsn2dx5MEe2AeHwAQnoA4uQQO0AAb34BE8gxftQXvSXrW3WWtOy2Z2wQ9o71/GZJfi</latexit>

2⇡R2JT = P = 200W

<latexit sha1_base64="crfItLSXtUgwdkv9+fcOlbg6w5c=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rGI/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrRdoYo+GHi8N8PMvCDmTBvX/XRyS8srq2v59cLG5tb2TnF3r6lloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjK6mfuuBKs2kuDPjmPoRHggWMoKNlZrDLufotlcsuWV3BrRATl3vouohL1NKkKHeK350+5IkERWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LBY6o9tPZtRN0ZJU+CqWyJQyaqYsTKY60HkeB7YywGerf3lT8y+skJjz3UybixFBB5ovChCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUMGG8P0p+p80T8petVy5qZRql1kceTiAQzgGD86gBtdQhwYQuIdHeIYXRzpPzqvzNm/NOdnMPvyA8/4FLDeO3Q==</latexit>

h ⌧ R

<latexit sha1_base64="FWxY6I9jGm7rqHzUuLDEeqeoGeA=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBhdSZWquCi4IbcVWhL+jUkknTNjTJDElGKEPBjb/ixoUibv0Jd/6NmbZCFT1w4XDOvdx7jx8yqrTjfFqpufmFxaX0cmZldW19w97cqqkgkphUccAC2fCRIowKUtVUM9IIJUHcZ6TuDy4Tv35HpKKBqOhhSFoc9QTtUoy0kdr2znW74inK4bHjHXoc6b7kcf2Ij27zbTvr5Jwx4Aw5cdzzogvdqZIFU5Tb9ofXCXDEidCYIaWarhPqVoykppiRUcaLFAkRHqAeaRoqECeqFY9/GMF9o3RgN5CmhIZjdXYiRlypIfdNZ3Kl+u0l4l9eM9Lds1ZMRRhpIvBkUTdiUAcwCQR2qCRYs6EhCEtqboW4jyTC2sSWMSF8fwr/J7V8zi3mCjeFbOliGkca7II9cABccApK4AqUQRVgcA8ewTN4sR6sJ+vVepu0pqzpzDb4Aev9C41MltU=</latexit>

JT ⇠ 30W/m2

If no wind:

<latexit sha1_base64="9KkdGwpT51wgCN1i0Wf7MGtfu/k="></latexit>
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<latexit sha1_base64="VnR63s+iT5FebDGsSTtWlGDIyHw=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBHcWBKprYJCoRuXFfqCJobJdNIOnTyYmQglZOfGX3HjQhG3/oI7/8ZJG6GKHrhwOOde7r3HjRgV0jA+tYXFpeWV1cJacX1jc2tb39ntiDDmmLRxyELec5EgjAakLalkpBdxgnyXka47bmR+945wQcOgJScRsX00DKhHMZJKcvSDliNOWk4SxjK9grVbC1OOLR/JEfeTRuroJaNsTAHnyJlhXlRNaOZKCeRoOvqHNQhx7JNAYoaE6JtGJO0EcUkxI2nRigWJEB6jIekrGiCfCDuZ/pHCI6UMoBdyVYGEU3V+IkG+EBPfVZ3ZheK3l4l/ef1Yeud2QoMoliTAs0VezKAMYRYKHFBOsGQTRRDmVN0K8QhxhKWKrqhC+P4U/k86p2WzWq7cVEr1yzyOAtgHh+AYmKAG6uAaNEEbYHAPHsEzeNEetCftVXubtS5o+cwe+AHt/QvhF5lV</latexit>

T
s

� T
out

= 7�C

<latexit sha1_base64="VxiCGzKF+a1Kjw5ZLQu63fS/ewY=">AAACCHicdVDLSgMxFM3UV62vUZcuDBbBjWVG2qrgotCNywp9QacOmTRtQ5PMkGSEMnTpxl9x40IRt36CO//GtB2hih64cDjnXu69J4gYVdpxPq3M0vLK6lp2PbexubW9Y+/uNVUYS0waOGShbAdIEUYFaWiqGWlHkiAeMNIKRtWp37ojUtFQ1PU4Il2OBoL2KUbaSL59WPeTMNYTT1EOT0vOrYepxB5Heih5Up34dt4pODPABVJy3MuyC91UyYMUNd/+8HohjjkRGjOkVMd1It1NkNQUMzLJebEiEcIjNCAdQwXiRHWT2SMTeGyUHuyH0pTQcKYuTiSIKzXmgemcXqh+e1PxL68T6/5FN6EiijUReL6oHzOoQzhNBfaoJFizsSEIS2puhXiIJMLaZJczIXx/Cv8nzbOCWy4Ub4r5ylUaRxYcgCNwAlxwDirgGtRAA2BwDx7BM3ixHqwn69V6m7dmrHRmH/yA9f4FwBOZzw==</latexit>

T
out

⇠ �50�C

<latexit sha1_base64="TWNLq6LmuuZxxShOP+ndcoxeXY8=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBbBVUmkVgUXhW5cVugLmhgm00k7dCYJMxOhhG7c+CtuXCji1n9w5984aSNU0QMDh3PuZe45fsyoVJb1aRSWlldW14rrpY3Nre0dc3evI6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/3Mj87h0RkkZhS01i4nI0DGlAMVJa8szDlpfScOpIyqF162AqsMORGgmeNqaeWbYq1gxwgZxZ9mXNhnaulEGOpmd+OIMIJ5yECjMkZd+2YuWmSCiKGZmWnESSGOExGpK+piHiRLrpLMUUHmtlAINI6BcqOFMXN1LEpZxwX09mF8rfXib+5fUTFVy4OmWcKBLi+UdBwqCKYFYJHFBBsGITTRAWVN8K8QgJhJUurqRL+E4K/yed04pdq1RvquX6VV5HERyAI3ACbHAO6uAaNEEbYHAPHsEzeDEejCfj1XibjxaMfGcf/IDx/gXaSpjO</latexit>

Tin ⇠ 0�C

<latexit sha1_base64="l+eq46d7Rr8LtVh+YbhGCGmfk1A=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCG0uitSooFLpxWaEvaGKYTKft0MkkzEyEEurGX3HjQhG3/oU7/8ZJG6GKHrhwOOde7r3HjxiVyrI+jbn5hcWl5dxKfnVtfWPT3NpuyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfVlO/dUeEpCGvq1FE3AD1Oe1RjJSWPHO37skreFQ6uXUwFdgJkBqIIKmOPbNgFa0J4Aw5teyLsg3tTCmADDXP/HC6IY4DwhVmSMqObUXKTZBQFDMyzjuxJBHCQ9QnHU05Coh0k8kHY3iglS7shUIXV3Cizk4kKJByFPi6M71Q/vZS8S+vE6veuZtQHsWKcDxd1IsZVCFM44BdKghWbKQJwoLqWyEeIIGw0qHldQjfn8L/SfO4aJeLpZtSoXKZxZEDe2AfHAIbnIEKuAY10AAY3INH8AxejAfjyXg13qatc0Y2swN+wHj/AnO7lkY=</latexit>

Ts = �43�C
<latexit sha1_base64="M2iNh9dE+13oknVwcMqd89wxvZc=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgQsqM1qrgouDGZQX7gM5QMmnahiaZIckIw1B/xY0LRdz6Ie78GzPtCFX0QOBwzr3ckxNEjCrtOJ9WYWl5ZXWtuF7a2Nza3rF399oqjCUmLRyyUHYDpAijgrQ01Yx0I0kQDxjpBJPrzO/cE6loKO50EhGfo5GgQ4qRNlLfLo89RTk89Y49jvRY8pRP+3bFqTozwAVy5riXdRe6uVIBOZp9+8MbhDjmRGjMkFI914m0nyKpKWZkWvJiRSKEJ2hEeoYKxIny01n4KTw0ygAOQ2me0HCmLm6kiCuV8MBMZgnVby8T//J6sR5e+CkVUayJwPNDw5hBHcKsCTigkmDNEkMQltRkhXiMJMLa9FUyJXz/FP5P2idVt16t3dYqjau8jiLYBwfgCLjgHDTADWiCFsAgAY/gGbxYD9aT9Wq9zUcLVr5TBj9gvX8Bh3KUtA==</latexit>

h ⇠ 3m

Better to make a small igloo! 



4.2 Building an igloo

If no external wind, convection flow velocity 

Under strong wind (U = 10 m/s >> 0.5 m/s)

<latexit sha1_base64="gkMcAZqS/J++MAT0MJkm2IlYwro="></latexit>

U ⇠ (�g(T
s

� T
out

)R)1/2 = 0.5m/s

<latexit sha1_base64="zSa4W/WO/bLw59cqKeSl+Ra+rqw="></latexit>

Nu ' 0.33Pr1/3Re1/2 ' 240
<latexit sha1_base64="82LEzQnoi2anTdIclU0FS+Gb/gA="></latexit>

J
T

=


R
Nu (T

s

� T
out

)

<latexit sha1_base64="JcuZbNb4AZjuXBpa6tTrI5wVhEk=">AAACDHicdVDLSsNAFJ3UV62vqks3g0VwY0mkrQouCt24rNAXNDFMptN26EwSZyZCCfkAN/6KGxeKuPUD3Pk3TtoIVfTAwOGcc5l7jxcyKpVpfhq5peWV1bX8emFjc2t7p7i715FBJDBp44AFouchSRj1SVtRxUgvFARxj5GuN2mkfveOCEkDv6WmIXE4Gvl0SDFSWnKLpZYrT1puHEQqsSXl5BZWb2xMBbY5UmPB40aiU2bZnAEukKppXdQsaGVKCWRousUPexDgiBNfYYak7FtmqJwYCUUxI0nBjiQJEZ6gEelr6iNOpBPPjkngkVYGcBgI/XwFZ+riRIy4lFPu6WS6ofztpeJfXj9Sw3Mnpn4YKeLj+UfDiEEVwLQZOKCCYMWmmiAsqN4V4jESCCvdX0GX8H0p/J90TstWrVy5rpTql1kdeXAADsExsMAZqIMr0ARtgME9eATP4MV4MJ6MV+NtHs0Z2cw++AHj/QtCk5vD</latexit>

T
s

� T
out

' 5�C
<latexit sha1_base64="M2iNh9dE+13oknVwcMqd89wxvZc=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgQsqM1qrgouDGZQX7gM5QMmnahiaZIckIw1B/xY0LRdz6Ie78GzPtCFX0QOBwzr3ckxNEjCrtOJ9WYWl5ZXWtuF7a2Nza3rF399oqjCUmLRyyUHYDpAijgrQ01Yx0I0kQDxjpBJPrzO/cE6loKO50EhGfo5GgQ4qRNlLfLo89RTk89Y49jvRY8pRP+3bFqTozwAVy5riXdRe6uVIBOZp9+8MbhDjmRGjMkFI914m0nyKpKWZkWvJiRSKEJ2hEeoYKxIny01n4KTw0ygAOQ2me0HCmLm6kiCuV8MBMZgnVby8T//J6sR5e+CkVUayJwPNDw5hBHcKsCTigkmDNEkMQltRkhXiMJMLa9FUyJXz/FP5P2idVt16t3dYqjau8jiLYBwfgCLjgHDTADWiCFsAgAY/gGbxYD9aT9Wq9zUcLVr5TBj9gvX8Bh3KUtA==</latexit>

h ⇠ 3m


