
Transport phenomena

2. Solving transport equations

mass:

<latexit sha1_base64="cNpb9GSVQVn+lpe62TdBxgjC9tg="></latexit>

@c

@t
+ u ·rc = D�c+ r

source/sink 
eg: chemical reaction

Diffusion

Convection

<latexit sha1_base64="/LWFHWNsw8wy2Khnmhuk1+D9xK0="></latexit>

jd = �Drc ! �D
c2 � c1

d

<latexit sha1_base64="StPntqtwOKaBp+UwR/wc7CotGkY=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXEhJpFYFhYIblxXsA5pQJtNJO3YyCTMTocQs/BU3LhRx62+482+cphGq6IELZ865l7n3eBGjUlnWp1GYm19YXCoul1ZW19Y3zM2tlgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS90eXEb98RIWnIb9Q4Im6ABpz6FCOlpZ65kzieD2/THoYXEDuH2TNOe2bZqlgZ4Aw5tuyzmg3tXCmDHI2e+eH0QxwHhCvMkJRd24qUmyChKGYkLTmxJBHCIzQgXU05Coh0k2z/FO5rpQ/9UOjiCmbq7ESCAinHgac7A6SG8rc3Ef/yurHyT92E8ihWhOPpR37MoArhJAzYp4JgxcaaICyo3hXiIRIIKx1ZSYfwfSn8n7SOKnatUr2uluvneRxFsAv2wAGwwQmogyvQAE2AwT14BM/gxXgwnoxX423aWjDymW3wA8b7F4DilSE=</latexit>

jc = cu

[m2.s-1]



heat:

source/sink 
eg: Joule effect

Conduction: Fourrier’s law

Convection

thermal conductivity  
[W.m-1.K-1]

thermal flux  
[W.m-2]

density  
[kg.m-3]

specific heat capacity  
[J.kg-1.K-1]

Heat equation:

<latexit sha1_base64="CsQ7QHEmYm7w/4QJ+BRAgiKsTjU="></latexit>

jcond = �rT ! � 
T2 � T1

d

<latexit sha1_base64="LKtk0VQFzB9o/+udx2bJuMQCrA0=">AAACD3icdVDLSsNAFJ34rPVVdelmsCguSknEJygUunGpYFuhCWEynbRjJzNhZlIoIX/gxl9x40IRt27d+TdO0wpV9MCFwzn3cu89Qcyo0rb9ac3Mzs0vLBaWissrq2vrpY3NphKJxKSBBRPyNkCKMMpJQ1PNyG0sCYoCRlpBvz7yWwMiFRX8Rg9j4kWoy2lIMdJG8kt7qRuE8C7zUyz4IIMX0JU9Aet+7FbgjVvJ7STzS2W7aueAU+TIds6OHehMlDKY4MovfbgdgZOIcI0ZUqrt2LH2UiQ1xYxkRTdRJEa4j7qkbShHEVFemv+TwV2jdGAopCmuYa5OT6QoUmoYBaYzQrqnfnsj8S+vnejw1EspjxNNOB4vChMGtYCjcGCHSoI1GxqCsKTmVoh7SCKsTYRFE8L3p/B/0jyoOsfVw+vDcu18EkcBbIMdsA8ccAJq4BJcgQbA4B48gmfwYj1YT9ar9TZunbEmM1vgB6z3LzJdm3w=</latexit>

jconv = ⇢Cp T u

<latexit sha1_base64="LwkZGiGR/WuQMyVpqqYuC5qSTz4="></latexit>

@T

@t
+ u ·rT = ↵�T +

r

⇢Cp

<latexit sha1_base64="DHK0cJZkxh5lZ5MRKY33ChK41bg=">AAACAXicdVDLSgNBEJyNrxhfq14EL4NB8BR3JUYFhUAuHiOYB2RD6J3MJkNmd4eZWSEs8eKvePGgiFf/wpt/4+QhRNGChqKqm+4uX3CmtON8WpmFxaXllexqbm19Y3PL3t6pqziRhNZIzGPZ9EFRziJa00xz2hSSQuhz2vAHlbHfuKNSsTi61UNB2yH0IhYwAtpIHXvPAy76gK+wNwAh4NiT/RhXOqJj552CMwGeI6eOe1FysTtT8miGasf+8LoxSUIaacJBqZbrCN1OQWpGOB3lvERRAWQAPdoyNIKQqnY6+WCED43SxUEsTUUaT9T5iRRCpYahbzpD0H312xuLf3mtRAfn7ZRFItE0ItNFQcKxjvE4DtxlkhLNh4YAkczcikkfJBBtQsuZEL4/xf+T+knBLRWKN8V8+XIWRxbtowN0hFx0hsroGlVRDRF0jx7RM3qxHqwn69V6m7ZmrNnMLvoB6/0LEt2WAg==</latexit>

↵ = /⇢Cp
thermal diffusivity 

[m2.s-1]



momentum:

<latexit sha1_base64="JEf+P7qFBipDPRGcUw2+xUB5QPk=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmAekCxhdrY3GTP7YGZWCCFf4MWDIl79JG/+jZNkhSha0FBUddPd5SWCK23bn1ZuZXVtfSO/Wdja3tndK+4ftFScSoZNFotYdjyqUPAIm5prgZ1EIg09gW1vdDPz2w8oFY+jOz1O0A3pIOIBZ1QbqeH3iyW7bM9Blsi57VxVHeJkSgky1PvFj54fszTESDNBleo6dqLdCZWaM4HTQi9VmFA2ogPsGhrREJU7mR86JSdG8UkQS1ORJnN1eWJCQ6XGoWc6Q6qH6rc3E//yuqkOLt0Jj5JUY8QWi4JUEB2T2dfE5xKZFmNDKJPc3ErYkErKtMmmYEL4/pT8T1pnZadarjQqpdp1FkcejuAYTsGBC6jBLdShCQwQHuEZXqx768l6td4WrTkrmzmEH7DevwDoF40B</latexit>

d

<latexit sha1_base64="Cnl9PzOORJ8vu9xp9qyN90uwg14=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RjQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wkK6hoQUNR1U13V5BIYdB1P5zc0vLK6lp+vbCxubW9U9zda5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlczv3XPtRGxusNxwv2IDpQIBaNopdu05/WKJbfszkG+kVPXu6h6xMuUEmSo94rv3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUHFmlT8JY21JI5ur3iQmNjBlHge2MKA7Nb28m/uV1UgzP/YlQSYpcscWiMJUEYzL7m/SF5gzl2BLKtLC3EjakmjK06RRsCF+fkv9J86TsVcuVm0qpdpnFkYcDOIRj8OAManANdWgAgwE8wBM8O9J5dF6c10Vrzslm9uEHnLdPJ0yNtg==</latexit>u1
<latexit sha1_base64="Q6fEWsKeCuO46L9afDDjmrGCugY=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9kttSp4KHjxWNF+QLuUbJptQ5PskmSFsvQnePGgiFd/kTf/jWm7QhV9MPB4b4aZeUHMmTau++nkVlbX1jfym4Wt7Z3dveL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989sPVGkWyXsziakv8FCykBFsrHSX9Cv9Ysktu3OgJXLmepc1D3mZUoIMjX7xozeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpP56dO0YlVBiiMlC1p0Fxdnkix0HoiAtspsBnp395M/MvrJia88FMm48RQSRaLwoQjE6HZ32jAFCWGTyzBRDF7KyIjrDAxNp2CDeH7U/Q/aVXKXq1cva2W6ldZHHk4gmM4BQ/OoQ430IAmEBjCIzzDi8OdJ+fVeVu05pxs5hB+wHn/AijQjbc=</latexit>u2

viscous stress [Pa]  
~ 

 flux of momentum

dynamic viscosity [Pa.s] 
~ 

 momentum “conductivity”

Navier & Stokes equation:
<latexit sha1_base64="SBhgLFTaFI7EQI0ZYiLbdlpOSBY="></latexit>

@u

@t
+ (u ·r)u = ⌫�u� 1

⇢
rp+ g

kinematic viscosity [m2.s] 
~ 

 momentum “diffusion”

“Conduction”

“Convection”
<latexit sha1_base64="1NCiAUoPjU1RgV1yEBtEFZNe57A=">AAACBHicdVDLSgMxFL1TX7W+Rl12EyyCqzIjtSq4KLhxWcE+oDOUTJppQzOTIckIZejCjb/ixoUibv0Id/6N6Quq6IHAuefcy809QcKZ0o7zZeVWVtfWN/Kbha3tnd09e/+gqUQqCW0QwYVsB1hRzmLa0Exz2k4kxVHAaSsYXk/81j2Vion4To8S6ke4H7OQEayN1LWLnhwIlHlBiNKxJzSLqFqUXbvklJ0p0BI5c9zLqovcuVKCOepd+9PrCZJGNNaEY6U6rpNoP8NSM8LpuOCliiaYDHGfdgyNsVnmZ9MjxujYKD0UCmlerNFUXZ7IcKTUKApMZ4T1QP32JuJfXifV4YWfsThJNY3JbFGYcqQFmiSCekxSovnIEEwkM39FZIAlJtrkVjAhLC5F/5Pmadmtliu3lVLtah5HHopwBCfgwjnU4Abq0AACD/AEL/BqPVrP1pv1PmvNWfOZQ/gB6+Mbh8+YBg==</latexit>

⇢u⌦ u

<latexit sha1_base64="FP+5IOvlQi3Qrf8WvwVpXYurEQU="></latexit>

�v = ⌘(ru+ruT) ! ⌘
u2 � u1

d

<latexit sha1_base64="/6J5nUSn+YPghm30mIlFk3Znqn0=">AAAB+nicdVBNS8NAEN34WetXqkcvi0XwVBOpVUGh4MVjBfsBTSib7aZdutmE3YlSan+KFw+KePWXePPfuG0jVNEHA4/3ZpiZFySCa3CcT2thcWl5ZTW3ll/f2Nzatgs7DR2nirI6jUWsWgHRTHDJ6sBBsFaiGIkCwZrB4GriN++Y0jyWtzBMmB+RnuQhpwSM1LELnkwxvsQeA4KPPNWPO3bRKTlT4Dly4rjnFRe7mVJEGWod+8PrxjSNmAQqiNZt10nAHxEFnAo2znupZgmhA9JjbUMliZj2R9PTx/jAKF0cxsqUBDxV5ydGJNJ6GAWmMyLQ17+9ifiX104hPPNHXCYpMElni8JUYIjxJAfc5YpREENDCFXc3IppnyhCwaSVNyF8f4r/J43jklsplW/KxepFFkcO7aF9dIhcdIqq6BrVUB1RdI8e0TN6sR6sJ+vVepu1LljZzC76Aev9C3AQktQ=</latexit>

⌫ = ⌘/⇢

boundary conditions: continuous
exception: latent heat

<latexit sha1_base64="FU+yW1P7tUhdmWNAnlNdU55tkbg="></latexit>

jc.n, jT .n, �.n, c, T, u



Transport phenomena

2. Solving transport equations

2.1 From mass to heat and viscous stress transport 

2.2 Homogenization of a cocktail (exact solution?) 

2.3 Measuring a diffusion coefficient ? 

2.4 Depth of penetration 

2.5 Contact temperature 

2.6 Melting of an ice cube

<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

<latexit sha1_base64="dkvMwf+PONzdW/p6NV586aVWKIs=">AAACAHicdVDJSgNBEO2JW4zbqAcPXhqDEC9xJsSo4CGgB48RzALJOPR0OkmTnoXuGiEMc/FXvHhQxKuf4c2/sbMIUfRBweO9KqrqeZHgCizr08gsLC4tr2RXc2vrG5tb5vZOQ4WxpKxOQxHKlkcUEzxgdeAgWCuSjPieYE1veDn2m/dMKh4GtzCKmOOTfsB7nBLQkmvudbpMAHFpR3EfF67g6C6xj0upa+atojUBniMnln1esbE9U/JohpprfnS6IY19FgAVRKm2bUXgJEQCp4KluU6sWETokPRZW9OA+Ew5yeSBFB9qpYt7odQVAJ6o8xMJ8ZUa+Z7u9AkM1G9vLP7ltWPonTkJD6IYWECni3qxwBDicRq4yyWjIEaaECq5vhXTAZGEgs4sp0P4/hT/Txqlol0plm/K+erFLI4s2kcHqIBsdIqq6BrVUB1RlKJH9IxejAfjyXg13qatGWM2s4t+wHj/AkCllYg=</latexit>

�c ⇠ (Dt)1/2

<latexit sha1_base64="+xRbDMdukhBwmy+bTWQuE2KAo98=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JuAmgWQJs5PeZMzsg5lZIYR8gRcPinj1k7z5N06SFaJoQUNR1U13l58IrrRtf1q5ldW19Y38ZmFre2d3r7h/0FRxKhm6LBaxbPtUoeARupprge1EIg19gS1/dDPzWw8oFY+jOz1O0AvpIOIBZ1QbqeH2iiW7bM9Blsi57VxVHeJkSgky1HvFj24/ZmmIkWaCKtVx7ER7Eyo1ZwKnhW6qMKFsRAfYMTSiISpvMj90Sk6M0idBLE1FmszV5YkJDZUah77pDKkeqt/eTPzL66Q6uPQmPEpSjRFbLApSQXRMZl+TPpfItBgbQpnk5lbChlRSpk02BRPC96fkf9I8KzvVcqVRKdWuszjycATHcAoOXEANbqEOLjBAeIRneLHurSfr1XpbtOasbOYQfsB6/wLRW4zy</latexit>

U

<latexit sha1_base64="nVwugbhycc+TD8UH2sTNsIu9Wfw="></latexit>

�c ⇠
⇣
D

x

U

⌘1/2

<latexit sha1_base64="+xRbDMdukhBwmy+bTWQuE2KAo98=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JuAmgWQJs5PeZMzsg5lZIYR8gRcPinj1k7z5N06SFaJoQUNR1U13l58IrrRtf1q5ldW19Y38ZmFre2d3r7h/0FRxKhm6LBaxbPtUoeARupprge1EIg19gS1/dDPzWw8oFY+jOz1O0AvpIOIBZ1QbqeH2iiW7bM9Blsi57VxVHeJkSgky1HvFj24/ZmmIkWaCKtVx7ER7Eyo1ZwKnhW6qMKFsRAfYMTSiISpvMj90Sk6M0idBLE1FmszV5YkJDZUah77pDKkeqt/eTPzL66Q6uPQmPEpSjRFbLApSQXRMZl+TPpfItBgbQpnk5lbChlRSpk02BRPC96fkf9I8KzvVcqVRKdWuszjycATHcAoOXEANbqEOLjBAeIRneLHurSfr1XpbtOasbOYQfsB6/wLRW4zy</latexit>

U

<latexit sha1_base64="+xRbDMdukhBwmy+bTWQuE2KAo98=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JuAmgWQJs5PeZMzsg5lZIYR8gRcPinj1k7z5N06SFaJoQUNR1U13l58IrrRtf1q5ldW19Y38ZmFre2d3r7h/0FRxKhm6LBaxbPtUoeARupprge1EIg19gS1/dDPzWw8oFY+jOz1O0AvpIOIBZ1QbqeH2iiW7bM9Blsi57VxVHeJkSgky1HvFj24/ZmmIkWaCKtVx7ER7Eyo1ZwKnhW6qMKFsRAfYMTSiISpvMj90Sk6M0idBLE1FmszV5YkJDZUah77pDKkeqt/eTPzL66Q6uPQmPEpSjRFbLApSQXRMZl+TPpfItBgbQpnk5lbChlRSpk02BRPC96fkf9I8KzvVcqVRKdWuszjycATHcAoOXEANbqEOLjBAeIRneLHurSfr1XpbtOasbOYQfsB6/wLRW4zy</latexit>

U

<latexit sha1_base64="S+53YCqmLj/XOjalu4pG/UOVJy0="></latexit>

� ⇠ (↵/!)1/2



2.5 Contact temperature

in scaling laws ?

We need to solve:
<latexit sha1_base64="wBvV50J00oR29sojBKiu1XtxjH8="></latexit>

@T

@t
+ u ·rT = ↵i�T +

ri
⇢iCpi

with    and   continuous
<latexit sha1_base64="lIMzOAIPYOROslIQ01WgGHwE0PI=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eE8gLkiXMTnqTMbMPZmaFsOQLvHhQxKuf5M2/cZKsEEULGoqqbrq7vFhwpW3708qtrK6tb+Q3C1vbO7t7xf2DlooSybDJIhHJjkcVCh5iU3MtsBNLpIEnsO2Nb2d++wGl4lHY0JMY3YAOQ+5zRrWR6o1+sWSX7TnIErmwneuKQ5xMKUGGWr/40RtELAkw1ExQpbqOHWs3pVJzJnBa6CUKY8rGdIhdQ0MaoHLT+aFTcmKUAfEjaSrUZK4uT6Q0UGoSeKYzoHqkfnsz8S+vm2j/yk15GCcaQ7ZY5CeC6IjMviYDLpFpMTGEMsnNrYSNqKRMm2wKJoTvT8n/pHVWdirl8/p5qXqTxZGHIziGU3DgEqpwBzVoAgOER3iGF+veerJerbdFa87KZg7hB6z3L8/XjPE=</latexit>

T
<latexit sha1_base64="mitN7lG5f4wVxcmzUU/N9+LAq+E=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrQoeCl48VnDbQruUbJptY5PskmSFsvQ3ePGgiFd/kDf/jWm7QhV9MPB4b4aZeWHCmTau++kUlpZXVteK66WNza3tnfLuXlPHqSLUJzGPVTvEmnImqW+Y4bSdKIpFyGkrHF1P/dYDVZrF8s6MExoIPJAsYgQbK/ndMEL3vXLFrbozoAVy5nqXNQ95uVKBHI1e+aPbj0kqqDSEY607npuYIMPKMMLppNRNNU0wGeEB7VgqsaA6yGbHTtCRVfooipUtadBMXZzIsNB6LELbKbAZ6t/eVPzL66QmuggyJpPUUEnmi6KUIxOj6eeozxQlho8twUQxeysiQ6wwMTafkg3h+1P0P2meVL1a9fT2tFK/yuMowgEcwjF4cA51uIEG+ECAwSM8w4sjnSfn1XmbtxacfGYffsB5/wJzio5z</latexit>

j

<latexit sha1_base64="VJO7FxDgrN71AFWiCaZK09IGnKg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoKAS8eI5oHJEuYncwmQ2YfzPQKYcknePGgiFe/yJt/4yRZIYoWNBRV3XR3ebEUGm3708otLa+sruXXCxubW9s7xd29po4SxXiDRTJSbY9qLkXIGyhQ8nasOA08yVve6Hrqtx640iIK73Ecczegg1D4glE00h1e2b1iyS7bM5AFcmo7F1WHOJlSggz1XvGj249YEvAQmaRadxw7RjelCgWTfFLoJprHlI3ogHcMDWnAtZvOTp2QI6P0iR8pUyGSmbo4kdJA63Hgmc6A4lD/9qbiX14nQf/cTUUYJ8hDNl/kJ5JgRKZ/k75QnKEcG0KZEuZWwoZUUYYmnYIJ4ftT8j9pnpSdarlyWynVLrM48nAAh3AMDpxBDW6gDg1gMIBHeIYXS1pP1qv1Nm/NWdnMPvyA9f4F8ImNkg==</latexit>

t = 0
<latexit sha1_base64="ZvURJWfSulZgyY9Qim6/vkKhtR0=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoiAS8eI5oHJEuYncwmQ2YfzPQKYcknePGgiFe/yJt/4yRZIYoWNBRV3XR3ebEUGm3708otLa+sruXXCxubW9s7xd29po4SxXiDRTJSbY9qLkXIGyhQ8nasOA08yVve6Hrqtx640iIK73Ecczegg1D4glE00h1e2b1iyS7bM5AFcmo7F1WHOJlSggz1XvGj249YEvAQmaRadxw7RjelCgWTfFLoJprHlI3ogHcMDWnAtZvOTp2QI6P0iR8pUyGSmbo4kdJA63Hgmc6A4lD/9qbiX14nQf/cTUUYJ8hDNl/kJ5JgRKZ/k75QnKEcG0KZEuZWwoZUUYYmnYIJ4ftT8j9pnpSdarlyWynVLrM48nAAh3AMDpxBDW6gDg1gMIBHeIYXS1pP1qv1Nm/NWdnMPvyA9f4F8g6Nkw==</latexit>

t > 0

<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

<latexit sha1_base64="6L73dW19u9uCnVDa1hVo3L1i2ds=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvtcvltyyOwdaIueud1X1kJcpJchQ7xc/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fuoUnVhlgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj0ynYEL4/Rf+T1lnZq5Yrd5VS7TqLIw9HcAyn4MEF1OAW6tAEAkN4hGd4cbjz5Lw6b4vWnJPNHMIPOO9f9PeNlQ==</latexit>

T1

<latexit sha1_base64="jt3X4mJwQmRfW3TqW7hthxtYuJ8=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KrulVgUPBS8eK/YL2qVk02wbmmSXJCuUpT/BiwdFvPqLvPlvTNsVquiDgcd7M8zMC2LOtHHdT2dldW19YzO3ld/e2d3bLxwctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1AlWaRbJhJTH2Bh5KFjGBjpftGv9wvFN2SOwdaIueud1X1kJcpRchQ7xc+eoOIJIJKQzjWuuu5sfFTrAwjnE7zvUTTGJMxHtKupRILqv10fuoUnVplgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj08nbEL4/Rf+TVrnkVUuVu0qxdp3FkYNjOIEz8OACanALdWgCgSE8wjO8ONx5cl6dt0XripPNHMEPOO9f9nuNlg==</latexit>

T2

<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

1

2

1

2

<latexit sha1_base64="ULw+N8kRhb3nvfa3Kg8p8YGejhY=">AAAB8HicdVBNS8NAEN34WetX1aOXxSJ4kJJIrQqCBS8eK9gPaULZbCbt0s0m7G6EEvorvHhQxKs/x5v/xm0boYo+GHi8N8PMPD/hTGnb/rQWFpeWV1YLa8X1jc2t7dLObkvFqaTQpDGPZccnCjgT0NRMc+gkEkjkc2j7w+uJ334AqVgs7vQoAS8ifcFCRok20r0bANfEPb7qlcp2xZ4Cz5FT27moOdjJlTLK0eiVPtwgpmkEQlNOlOo6dqK9jEjNKIdx0U0VJIQOSR+6hgoSgfKy6cFjfGiUAIexNCU0nqrzExmJlBpFvumMiB6o395E/Mvrpjo89zImklSDoLNFYcqxjvHkexwwCVTzkSGESmZuxXRAJKHaZFQ0IXx/iv8nrZOKU6tUb6vl+mUeRwHtowN0hBx0huroBjVQE1EUoUf0jF4saT1Zr9bbrHXBymf20A9Y719WWpAa</latexit>

� ?



<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

<latexit sha1_base64="6L73dW19u9uCnVDa1hVo3L1i2ds=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvtcvltyyOwdaIueud1X1kJcpJchQ7xc/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fuoUnVhlgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj0ynYEL4/Rf+T1lnZq5Yrd5VS7TqLIw9HcAyn4MEF1OAW6tAEAkN4hGd4cbjz5Lw6b4vWnJPNHMIPOO9f9PeNlQ==</latexit>

T1

<latexit sha1_base64="jt3X4mJwQmRfW3TqW7hthxtYuJ8=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KrulVgUPBS8eK/YL2qVk02wbmmSXJCuUpT/BiwdFvPqLvPlvTNsVquiDgcd7M8zMC2LOtHHdT2dldW19YzO3ld/e2d3bLxwctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1AlWaRbJhJTH2Bh5KFjGBjpftGv9wvFN2SOwdaIueud1X1kJcpRchQ7xc+eoOIJIJKQzjWuuu5sfFTrAwjnE7zvUTTGJMxHtKupRILqv10fuoUnVplgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj08nbEL4/Rf+TVrnkVUuVu0qxdp3FkYNjOIEz8OACanALdWgCgSE8wjO8ONx5cl6dt0XripPNHMEPOO9f9nuNlg==</latexit>

T2

<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

1

2

<latexit sha1_base64="LvyV4hkB3XiwAa6uiWZxHiLkTo0=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RjAPSJYwO9ubDJl9ODMrhCU/4cWDIl79HW/+jZNkBRUtaCiquunu8hLBlbbtD6uwtLyyulZcL21sbm3vlHf32ipOJcMWi0Usux5VKHiELc21wG4ikYaewI43vpr5nXuUisfRrZ4k6IZ0GPGAM6qN1O37KDQdOINyxa7ac5Bv5NR2LuoOcXKlAjmag/J7349ZGmKkmaBK9Rw70W5GpeZM4LTUTxUmlI3pEHuGRjRE5Wbze6fkyCg+CWJpKtJkrn6fyGio1CT0TGdI9Uj99mbiX14v1cG5m/EoSTVGbLEoSAXRMZk9T3wukWkxMYQyyc2thI2opEybiEomhK9Pyf+kfVJ16tXaTa3SuMzjKMIBHMIxOHAGDbiGJrSAgYAHeIJn6856tF6s10Vrwcpn9uEHrLdP2xKP2Q==</latexit>

�1
<latexit sha1_base64="ifuQbohHg70X2Ssjr9PP6qsS6VQ=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgKeyGGBU8BLx4jGAekCxhdrY3GTL7cKZXCCE/4cWDIl79HW/+jZNkhSha0FBUddPd5SVSaLTtTyu3srq2vpHfLGxt7+zuFfcPWjpOFYcmj2WsOh7TIEUETRQooZMoYKEnoe2Nrmd++wGUFnF0h+ME3JANIhEIztBInZ4PElm/0i+W7LI9B10iZ7ZzWXOokyklkqHRL370/JinIUTIJdO669gJuhOmUHAJ00Iv1ZAwPmID6BoasRC0O5nfO6UnRvFpECtTEdK5ujwxYaHW49AznSHDof7tzcS/vG6KwYU7EVGSIkR8sShIJcWYzp6nvlDAUY4NYVwJcyvlQ6YYRxNRwYTw/Sn9n7QqZadWrt5WS/WrLI48OSLH5JQ45JzUyQ1pkCbhRJJH8kxerHvryXq13hatOSubOSQ/YL1/AdyWj9o=</latexit>

�2

2 boundary layers:
<latexit sha1_base64="gvMFlrtZt+WRDUPGhJSPD6Fi4f4=">AAACCHicdVC7SgNBFJ2Nrxhfq5YWDgYhNnE3xKhgEbCxjGAekF3D7GSSDJl9MHNXCEtKG3/FxkIRWz/Bzr9xkqwQRQ9cOHPOvcy9x4sEV2BZn0ZmYXFpeSW7mltb39jcMrd3GiqMJWV1GopQtjyimOABqwMHwVqRZMT3BGt6w8uJ37xjUvEwuIFRxFyf9APe45SAljrmvtNlAkjHdhT3ccEhIhroF4aj28Q+Lo07Zt4qWlPgOXJi2ecVG9upkkcpah3zw+mGNPZZAFQQpdq2FYGbEAmcCjbOObFiEaFD0mdtTQPiM+Um00PG+FArXdwLpa4A8FSdn0iIr9TI93SnT2CgfnsT8S+vHUPvzE14EMXAAjr7qBcLDCGepIK7XDIKYqQJoZLrXTEdEEko6OxyOoTvS/H/pFEq2pVi+bqcr16kcWTRHjpABWSjU1RFV6iG6oiie/SIntGL8WA8Ga/G26w1Y6Qzu+gHjPcvp5uYdA==</latexit>

�1 ⇠ (↵1t)
1/2

<latexit sha1_base64="/9NHO46DffZWwd0oeZrHKMyENCI=">AAACCHicdVC7SgNBFJ2Nrxhfq5YWDgYhNnE3xKhgEbCxjGAekF3D7GSSDJl9MHNXCEtKG3/FxkIRWz/Bzr9xkqwQRQ9cOHPOvcy9x4sEV2BZn0ZmYXFpeSW7mltb39jcMrd3GiqMJWV1GopQtjyimOABqwMHwVqRZMT3BGt6w8uJ37xjUvEwuIFRxFyf9APe45SAljrmvtNlAkin5Cju44JDRDTQLwxHt4l9XBp3zLxVtKbAc+TEss8rNrZTJY9S1Drmh9MNaeyzAKggSrVtKwI3IRI4FWycc2LFIkKHpM/amgbEZ8pNpoeM8aFWurgXSl0B4Kk6P5EQX6mR7+lOn8BA/fYm4l9eO4bemZvwIIqBBXT2US8WGEI8SQV3uWQUxEgTQiXXu2I6IJJQ0NnldAjfl+L/SaNUtCvF8nU5X71I48iiPXSACshGp6iKrlAN1RFF9+gRPaMX48F4Ml6Nt1lrxkhndtEPGO9fqsOYdg==</latexit>

�2 ⇠ (↵2t)
1/2

<latexit sha1_base64="tmrcRVmq+UghS76J6npP4l2s0xY=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNPukXS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvQM6Nxw==</latexit>

Tc

flux continuity:
<latexit sha1_base64="Fa5IqMHP8YHevbKYPwFK0ZV3gf8="></latexit>

1
@T

@z

����
0+

= 2
@T

@z

����
0�

<latexit sha1_base64="qPWVxHwvCAkXJpNJLH1mUr7pwe8="></latexit>

1
T1 � Tc

�1
⇠ 2

Tc � T2

�2
contact temperature

<latexit sha1_base64="oMoiDuT4crnxZPvBv5pXh9GxRo4="></latexit>p
1⇢1Cp1 (T1 � Tc) ⇠

p
2⇢2Cp2 (Tc � T2)

<latexit sha1_base64="DX4OWv7RvB/SLxfxwzgEnhdPoqM=">AAACE3icdZDLSgMxFIYzXmu9jbp0EyyCuCgzUquCQqEblxXsBTplOJNm2tDMTEgyQhn6Dm58FTcuFHHrxp1vY3oRquiBwJ/vP4fk/IHgTGnH+bQWFpeWV1Zza/n1jc2tbXtnt6GSVBJaJwlPZCsARTmLaV0zzWlLSApRwGkzGFTHfvOOSsWS+FYPBe1E0ItZyAhog3z72AMu+uAzfIW9UALJvAEIYcAo82Q/MUbVz4S5jny74BSdSeE5ceq4F2UXuzNSQLOq+faH101IGtFYEw5KtV1H6E4GUjPC6SjvpYoKIAPo0baRMURUdbLJTiN8aEgXh4k0J9Z4QucnMoiUGkaB6YxA99Vvbwz/8tqpDs87GYtFqmlMpg+FKcc6weOAcJdJSjQfGgFEMvNXTPpgktEmxrwJ4XtT/L9onBTdcrF0UypULmdx5NA+OkBHyEVnqIKuUQ3VEUH36BE9oxfrwXqyXq23aeuCNZvZQz/Kev8CbHiehw==</latexit>

↵i =
i

⇢iCpi



<latexit sha1_base64="6ofBaulz8PP4fIMQ0CsBCh7/2Fg="></latexit>

Tc =

p
1⇢1Cp1 T1 +

p
2⇢2Cp2 T2p

1⇢1Cp1 +
p

2⇢2Cp2

<latexit sha1_base64="ScYvxdmUpXE1pmLj2alqPzmC/fU=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4KokUquCi0I3LivYBzQhTKbTdugkM85MhBKy8VfcuFDErZ/hzr9x2kaoogcuHM65l3vvCQWjSjvOp1VYWl5ZXSuulzY2t7Z37N29tuKJxKSFOeOyGyJFGI1JS1PNSFdIgqKQkU44bkz9zj2RivL4Vk8E8SM0jOmAYqSNFNgHnrqTOvXGSAjkyRGHjSAVWRbYZafizAAXyJnjXtZc6OZKGeRoBvaH1+c4iUisMUNK9VxHaD9FUlPMSFbyEkUEwmM0JD1DYxQR5aezBzJ4bJQ+HHBpKtZwpi5OpChSahKFpjNCeqR+e1PxL6+X6MGFn9JYJJrEeL5okDCoOZymAftUEqzZxBCEJTW3QjxCEmFtMiuZEL4/hf+T9mnFrVWqN9Vy/SqPowgOwRE4AS44B3VwDZqgBTDIwCN4Bi/Wg/VkvVpv89aClc/sgx+w3r8AhZ6XAA==</latexit>p
⇢Cp effusivity [J.K.m-2.s1/2]

Numerical estimate:

skin (~water)

wood

aluminium

glass

[W.m-1.K-1] [kg.m-3] [J.kg-1.K-1]
<latexit sha1_base64="ScYvxdmUpXE1pmLj2alqPzmC/fU=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4KokUquCi0I3LivYBzQhTKbTdugkM85MhBKy8VfcuFDErZ/hzr9x2kaoogcuHM65l3vvCQWjSjvOp1VYWl5ZXSuulzY2t7Z37N29tuKJxKSFOeOyGyJFGI1JS1PNSFdIgqKQkU44bkz9zj2RivL4Vk8E8SM0jOmAYqSNFNgHnrqTOvXGSAjkyRGHjSAVWRbYZafizAAXyJnjXtZc6OZKGeRoBvaH1+c4iUisMUNK9VxHaD9FUlPMSFbyEkUEwmM0JD1DYxQR5aezBzJ4bJQ+HHBpKtZwpi5OpChSahKFpjNCeqR+e1PxL6+X6MGFn9JYJJrEeL5okDCoOZymAftUEqzZxBCEJTW3QjxCEmFtMiuZEL4/hf+T9mnFrVWqN9Vy/SqPowgOwRE4AS44B3VwDZqgBTDIwCN4Bi/Wg/VkvVpv89aClc/sgx+w3r8AhZ6XAA==</latexit>p
⇢Cp

<latexit sha1_base64="cL8eFhm9X4bBFIMmkMpYeFE5j1U=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrQoeCl48VrAf0C4lm2bb2GwSkqxQSv+DFw+KePX/ePPfmLYrVNEHA4/3ZpiZFynOjPX9Ty+3tLyyupZfL2xsbm3vFHf3GkammtA6kVzqVoQN5UzQumWW05bSFCcRp81oeD31mw9UGybFnR0pGia4L1jMCLZOanSGWCncLZb8sj8DWiBnfnBZCVCQKSXIUOsWPzo9SdKECks4NqYd+MqGY6wtI5xOCp3UUIXJEPdp21GBE2rC8ezaCTpySg/FUrsSFs3UxYkxTowZJZHrTLAdmN/eVPzLa6c2vgjHTKjUUkHmi+KUIyvR9HXUY5oSy0eOYKKZuxWRAdaYWBdQwYXw/Sn6nzROykGlfHp7WqpeZXHk4QAO4RgCOIcq3EAN6kDgHh7hGV486T15r97bvDXnZTP78APe+xe2Wo84</latexit>
<latexit sha1_base64="OzQ5TWlMwb+IDwoJNvc6oeAsHXM=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rGA/oF1KNs12Q7PJkmSFUvoXvHhQxKt/yJv/xmy7QhV9MPB4b4aZeUHCmTau++kUVlbX1jeKm6Wt7Z3dvfL+QVvLVBHaIpJL1Q2wppwJ2jLMcNpNFMVxwGknGN9kfueBKs2kuDeThPoxHgkWMoJNJvVVJAflilt150BL5Nz1ruoe8nKlAjmag/JHfyhJGlNhCMda9zw3Mf4UK8MIp7NSP9U0wWSMR7RnqcAx1f50fusMnVhliEKpbAmD5uryxBTHWk/iwHbG2ET6t5eJf3m91ISX/pSJJDVUkMWiMOXISJQ9joZMUWL4xBJMFLO3IhJhhYmx8ZRsCN+fov9J+6zq1au1u1qlcZ3HUYQjOIZT8OACGnALTWgBgQge4RlenNh5cl6dt0VrwclnDuEHnPcvP9qOYA==</latexit>⇢

<latexit sha1_base64="zPiYBCTxbiq8oi/nNQAFp09lyr8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FHrxWNF+QLuUbJptQ5PskmSFsvQnePGgiFd/kTf/jWm7QhV9MPB4b4aZeUHMmTau++nkVlbX1jfym4Wt7Z3dveL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYFyf+e0HqjSL5L2ZxNQXeChZyAg2Vrqr9+N+seSW3TnQEjl3vauqh7xMKUGGRr/40RtEJBFUGsKx1l3PjY2fYmUY4XRa6CWaxpiM8ZB2LZVYUO2n81On6MQqAxRGypY0aK4uT6RYaD0Rge0U2Iz0b28m/uV1ExNe+imTcWKoJItFYcKRidDsbzRgihLDJ5Zgopi9FZERVpgYm07BhvD9KfqftM7KXrVcua2UatdZHHk4gmM4BQ8uoAY30IAmEBjCIzzDi8OdJ+fVeVu05pxs5hB+wHn/AjqcjcM=</latexit>

Cp [J.K.m-2.s1/2]

0.6

0.15

100

1.8

1000

600

2700

2200

4180

1700

900

840

~ 1500

~ 400

~ 16000

~ 1800

skin at 37ºC + wood at 20ºC

skin at 37ºC + aluminium at 20ºC

<latexit sha1_base64="EoPvg1N2JhAjv1QqQxpDZhMcCrc=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwVWakVgUXBTcuq/QFnWHIpJk2NJkMSUappforblwo4tb/cOffmLYjVNEDFw7n3Mu994QJo0o7zqc1N7+wuLScW8mvrq1vbNpb2w0lUolJHQsmZCtEijAak7qmmpFWIgniISPNsH8x9ps3RCoq4poeJMTnqBvTiGKkjRTYu9417fY0klLc3sNagD1FeWAXnKIzAZwhx457VnahmykFkKEa2B9eR+CUk1hjhpRqu06i/SGSmmJGRnkvVSRBuI+6pG1ojDhR/nBy/QgeGKUDIyFNxRpO1NmJIeJKDXhoOjnSPfXbG4t/ee1UR6f+kMZJqkmMp4uilEEt4DgK2KGSYM0GhiAsqbkV4h6SCGsTWN6E8P0p/J80jopuuVi6KhUq51kcObAH9sEhcMEJqIBLUAV1gMEdeATP4MV6sJ6sV+tt2jpnZTM74Aes9y+/JZVq</latexit>

) Tc ⇠
<latexit sha1_base64="EoPvg1N2JhAjv1QqQxpDZhMcCrc=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwVWakVgUXBTcuq/QFnWHIpJk2NJkMSUappforblwo4tb/cOffmLYjVNEDFw7n3Mu994QJo0o7zqc1N7+wuLScW8mvrq1vbNpb2w0lUolJHQsmZCtEijAak7qmmpFWIgniISPNsH8x9ps3RCoq4poeJMTnqBvTiGKkjRTYu9417fY0klLc3sNagD1FeWAXnKIzAZwhx457VnahmykFkKEa2B9eR+CUk1hjhpRqu06i/SGSmmJGRnkvVSRBuI+6pG1ojDhR/nBy/QgeGKUDIyFNxRpO1NmJIeJKDXhoOjnSPfXbG4t/ee1UR6f+kMZJqkmMp4uilEEt4DgK2KGSYM0GhiAsqbkV4h6SCGsTWN6E8P0p/J80jopuuVi6KhUq51kcObAH9sEhcMEJqIBLUAV1gMEdeATP4MV6sJ6sV+tt2jpnZTM74Aes9y+/JZVq</latexit>

) Tc ⇠
33ºC

21ºC



Detailed solution

<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

<latexit sha1_base64="6L73dW19u9uCnVDa1hVo3L1i2ds=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvtcvltyyOwdaIueud1X1kJcpJchQ7xc/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fuoUnVhlgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj0ynYEL4/Rf+T1lnZq5Yrd5VS7TqLIw9HcAyn4MEF1OAW6tAEAkN4hGd4cbjz5Lw6b4vWnJPNHMIPOO9f9PeNlQ==</latexit>

T1

<latexit sha1_base64="jt3X4mJwQmRfW3TqW7hthxtYuJ8=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KrulVgUPBS8eK/YL2qVk02wbmmSXJCuUpT/BiwdFvPqLvPlvTNsVquiDgcd7M8zMC2LOtHHdT2dldW19YzO3ld/e2d3bLxwctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1AlWaRbJhJTH2Bh5KFjGBjpftGv9wvFN2SOwdaIueud1X1kJcpRchQ7xc+eoOIJIJKQzjWuuu5sfFTrAwjnE7zvUTTGJMxHtKupRILqv10fuoUnVplgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj08nbEL4/Rf+TVrnkVUuVu0qxdp3FkYNjOIEz8OACanALdWgCgSE8wjO8ONx5cl6dt0XripPNHMEPOO9f9nuNlg==</latexit>

T2

<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

1

2

<latexit sha1_base64="LvyV4hkB3XiwAa6uiWZxHiLkTo0=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RjAPSJYwO9ubDJl9ODMrhCU/4cWDIl79HW/+jZNkBRUtaCiquunu8hLBlbbtD6uwtLyyulZcL21sbm3vlHf32ipOJcMWi0Usux5VKHiELc21wG4ikYaewI43vpr5nXuUisfRrZ4k6IZ0GPGAM6qN1O37KDQdOINyxa7ac5Bv5NR2LuoOcXKlAjmag/J7349ZGmKkmaBK9Rw70W5GpeZM4LTUTxUmlI3pEHuGRjRE5Wbze6fkyCg+CWJpKtJkrn6fyGio1CT0TGdI9Uj99mbiX14v1cG5m/EoSTVGbLEoSAXRMZk9T3wukWkxMYQyyc2thI2opEybiEomhK9Pyf+kfVJ16tXaTa3SuMzjKMIBHMIxOHAGDbiGJrSAgYAHeIJn6856tF6s10Vrwcpn9uEHrLdP2xKP2Q==</latexit>

�1
<latexit sha1_base64="ifuQbohHg70X2Ssjr9PP6qsS6VQ=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgKeyGGBU8BLx4jGAekCxhdrY3GTL7cKZXCCE/4cWDIl79HW/+jZNkhSha0FBUddPd5SVSaLTtTyu3srq2vpHfLGxt7+zuFfcPWjpOFYcmj2WsOh7TIEUETRQooZMoYKEnoe2Nrmd++wGUFnF0h+ME3JANIhEIztBInZ4PElm/0i+W7LI9B10iZ7ZzWXOokyklkqHRL370/JinIUTIJdO669gJuhOmUHAJ00Iv1ZAwPmID6BoasRC0O5nfO6UnRvFpECtTEdK5ujwxYaHW49AznSHDof7tzcS/vG6KwYU7EVGSIkR8sShIJcWYzp6nvlDAUY4NYVwJcyvlQ6YYRxNRwYTw/Sn9n7QqZadWrt5WS/WrLI48OSLH5JQ45JzUyQ1pkCbhRJJH8kxerHvryXq13hatOSubOSQ/YL1/AdyWj9o=</latexit>

�2

<latexit sha1_base64="tmrcRVmq+UghS76J6npP4l2s0xY=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNPukXS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvQM6Nxw==</latexit>

Tc

general solution found for the diffusion in the cocktail 
applied to materials 1 and 2:

material 1

for
<latexit sha1_base64="yCaWVdMXLIrGBfE3B8P+EJ+CCBw=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8mKVgWRghePFe0HtEvJptk2NJtdkqxQl/4ELx4U8eov8ua/MW1XqKIPBh7vzTAzz48F1wbjTye3sLi0vJJfLaytb2xuFbd3GjpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h1cTv3nPlOaRvDOjmHkh6UsecEqMlW4fLnG3WMJlPAWaIyfYPa+4yM2UEmSodYsfnV5Ek5BJQwXRuu3i2HgpUYZTwcaFTqJZTOiQ9FnbUklCpr10euoYHVilh4JI2ZIGTdX5iZSEWo9C33aGxAz0b28i/uW1ExOceSmXcWKYpLNFQSKQidDkb9TjilEjRpYQqri9FdEBUYQam07BhvD9KfqfNI7KbqV8fHNcql5kceRhD/bhEFw4hSpcQw3qQKEPj/AML45wnpxX523WmnOymV34Aef9C/syjZk=</latexit>

z > 0

material 2

for
<latexit sha1_base64="GVK9KdRWLSdNmzyQDLsemDvTXyk=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrQo9FLx4rGg/oF1KNs22oUl2SbJCXfoTvHhQxKu/yJv/xrRdoYo+GHi8N8PMvCDmTBvX/XRyS8srq2v59cLG5tb2TnF3r6mjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqa+q17qjSL5J0Zx9QXeCBZyAg2Vrp9qLq9YsktuzOgBXLmepcVD3mZUoIM9V7xo9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCqxoNpPZ6dO0JFV+iiMlC1p0ExdnEix0HosAtspsBnq395U/MvrJCa88FMm48RQSeaLwoQjE6Hp36jPFCWGjy3BRDF7KyJDrDAxNp2CDeH7U/Q/aZ6UvUr59Oa0VKtmceThAA7hGDw4hxpcQx0aQGAAj/AMLw53npxX523emnOymX34Aef9C/gojZc=</latexit>

z < 0

boundary conditions
<latexit sha1_base64="qs9BdapeSOjkDNW5frrU4mBqYco=">AAACCnicdVDLSgMxFM3UV62vUZduokVoEcuM1KpgoagLl1X6graWTJppQzMPkoxShnbrxl9x40IRt36BO//GtB2hih643MM595LcY/mMCmkYn1psZnZufiG+mFhaXlld09c3KsILOCZl7DGP1ywkCKMuKUsqGan5nCDHYqRq9c5HfvWWcEE9tyT7Pmk6qONSm2IkldTSt0sp42YvnR+1/fSwcU07XYk49+6GZ/mLfKmFW3rSyBhjwClyaJgnOROakZIEEYot/aPR9nDgEFdihoSom4YvmyHikmJGBolGIIiPcA91SF1RFzlENMPxKQO4q5Q2tD2uypVwrE5vhMgRou9YatJBsit+eyPxL68eSPu4GVLXDyRx8eQhO2BQenCUC2xTTrBkfUUQ5lT9FeIu4ghLlV5ChfB9KfyfVA4yZi6TvcomC6dRHHGwBXZACpjgCBTAJSiCMsDgHjyCZ/CiPWhP2qv2NhmNadHOJvgB7f0LC2OYoA==</latexit>

T (0+) = T (0�) ) B = D = Tc
<latexit sha1_base64="mQno8rGbIBWWrbzZBxu25RBIVEU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahIpQZqVXBQsWNywp9QWcYMmmmDc1khiQjjKVu/BU3LhRx61+4829M2xGq6IHA4Zx7uTnHixiVyjQ/jbn5hcWl5cxKdnVtfWMzt7XdlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3uBr7rVsiJA15XSURcQLU49SnGCktubndeuHOViG0KfdVclipu1bl8qjuYjeXN4vmBHCGnJjWedmCVqrkQYqam/uwuyGOA8IVZkjKjmVGyhkioShmZJS1Y0kihAeoRzqachQQ6QwnCUbwQCtd6IdCP67gRJ3dGKJAyiTw9GSAVF/+9sbiX14nVv6ZM6Q8ihXheHrIjxnUkcd1wC4VBCuWaIKwoPqvEPeRQFjp0rK6hO+k8H/SPC5a5WLpppSvXqR1ZMAe2AcFYIFTUAXXoAYaAIN78AiewYvxYDwZr8bbdHTOSHd2wA8Y719wmJWY</latexit>

T (z ! 1) = T1 = A+ Tc
<latexit sha1_base64="C0sias4hKdC8hVq6wRAuZ3edIR8=">AAACA3icdVDLSgMxFM3UV62vqjvdBItQkZaZUquChUI3Liv0BW0ZMmmmDc1khiQjjEPBjb/ixoUibv0Jd/6N6UOoogcCh3Pu5eYcJ2BUKtP8NBJLyyura8n11Mbm1vZOenevKf1QYNLAPvNF20GSMMpJQ1HFSDsQBHkOIy1nVJ34rVsiJPV5XUUB6XlowKlLMVJastMH9exdV/kw16XcVdFJuW4Xyrnqad3Gdjpj5s0p4AI5M63LkgWtuZIBc9Ts9Ee37+PQI1xhhqTsWGagejESimJGxqluKEmA8AgNSEdTjjwie/E0wxgea6UPXV/oxxWcqosbMfKkjDxHT3pIDeVvbyL+5XVC5V70YsqDUBGOZ4fckEEdelII7FNBsGKRJggLqv8K8RAJhJWuLaVL+E4K/yfNQt4q5Ys3xUzlal5HEhyCI5AFFjgHFXANaqABMLgHj+AZvBgPxpPxarzNRhPGfGcf/IDx/gVU0JYJ</latexit>

T (z ! �1) = T2 = �C + Tc
<latexit sha1_base64="3tRpS09GlJACeKB2lKfbHJzCuCI="></latexit>

! 1
" T
" z

!
!
!
!
0+

= ! 2
" T
" z

!
!
!
!
0!

<latexit sha1_base64="bHFyCupW2ydB142gqpw8aX7J/Yk="></latexit>

T (z, t) = A erf
!

z
2(! 1t)1/ 2

"
+ B

<latexit sha1_base64="/Ic1QeIsTfn5etFMJva9emP4C4M="></latexit>

T (z, t) = C erf
!

z
2(! 2t)1/ 2

"
+ D



<latexit sha1_base64="HzwRllBu7/HfBh/x6MqkjqgoWSo="></latexit>
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<latexit sha1_base64="iNfGDXL7VL6wMYrsCfVmtfwSpwg="></latexit>

! 1
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!
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!
0+

= ! 2
" T
" z
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A =
! 2"
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C

<latexit sha1_base64="etUnIJjNCdQ0VtpBNug4gl54KtU="></latexit> !
!

"
= ( !# Cp)1/ 2

<latexit sha1_base64="5RsngJicfX5AkZl/+rXBetgZyH4="></latexit>

! Tc =
(! 1" 1Cp1 )1/ 2 T1 + ( ! 2" 2Cp2 )1/ 2 T2

(! 1" 1Cp1 )1/ 2 + ( ! 2" 2Cp2 )1/ 2

same expression as scaling law!



2.6 Melting of an ice cube

<latexit sha1_base64="A7csB51FsZxinIYyzBhCPPuSJKY=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eI+QFyRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkhSha0FBUddPdFcSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUXCJDcONwHaskIaBwFYwvp35rQdUmkeybiYx+iEdSj7gjBorteq9lDOc9oolt+zOQZbIhetdVzziZUoJMtR6xY9uP2JJiNIwQbXueG5s/JQqw5nAaaGbaIwpG9MhdiyVNETtp/Nzp+TEKn0yiJQtachcXZ5Iaaj1JAxsZ0jNSP/2ZuJfXicxgys/5TJODEq2WDRIBDERmf1O+lwhM2JiCWWK21sJG1FFmbEJFWwI35+S/0nzrOxVyuf356XqTRZHHo7gGE7Bg0uowh3UoAEMxvAIz/DixM6T8+q8LVpzTjZzCD/gvH8Bi92PtQ==</latexit>

Tice

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

Ts

<latexit sha1_base64="VJO7FxDgrN71AFWiCaZK09IGnKg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoKAS8eI5oHJEuYncwmQ2YfzPQKYcknePGgiFe/yJt/4yRZIYoWNBRV3XR3ebEUGm3708otLa+sruXXCxubW9s7xd29po4SxXiDRTJSbY9qLkXIGyhQ8nasOA08yVve6Hrqtx640iIK73Ecczegg1D4glE00h1e2b1iyS7bM5AFcmo7F1WHOJlSggz1XvGj249YEvAQmaRadxw7RjelCgWTfFLoJprHlI3ogHcMDWnAtZvOTp2QI6P0iR8pUyGSmbo4kdJA63Hgmc6A4lD/9qbiX14nQf/cTUUYJ8hDNl/kJ5JgRKZ/k75QnKEcG0KZEuZWwoZUUYYmnYIJ4ftT8j9pnpSdarlyWynVLrM48nAAh3AMDpxBDW6gDg1gMIBHeIYXS1pP1qv1Nm/NWdnMPvyA9f4F8ImNkg==</latexit>

t = 0

simplified model

<latexit sha1_base64="A7csB51FsZxinIYyzBhCPPuSJKY=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eI+QFyRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkhSha0FBUddPdFcSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUXCJDcONwHaskIaBwFYwvp35rQdUmkeybiYx+iEdSj7gjBorteq9lDOc9oolt+zOQZbIhetdVzziZUoJMtR6xY9uP2JJiNIwQbXueG5s/JQqw5nAaaGbaIwpG9MhdiyVNETtp/Nzp+TEKn0yiJQtachcXZ5Iaaj1JAxsZ0jNSP/2ZuJfXicxgys/5TJODEq2WDRIBDERmf1O+lwhM2JiCWWK21sJG1FFmbEJFWwI35+S/0nzrOxVyuf356XqTRZHHo7gGE7Bg0uowh3UoAEMxvAIz/DixM6T8+q8LVpzTjZzCD/gvH8Bi92PtQ==</latexit>

Tice

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

Ts

<latexit sha1_base64="b2H6T1rlaajERB/ulQ1gM0BbOg0=">AAAB7nicdVBNSwMxEJ31s9avqkcvwSJ4kLIrtSoIFrx4rNAvaJeSTbNtaDZZkqxQlv4ILx4U8erv8ea/MW1XqKIPBh7vzTAzL4g508Z1P52l5ZXVtfXcRn5za3tnt7C339QyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRrdTv/VAlWZS1M04pn6EB4KFjGBjpRaq90j39KZXKLoldwa0QM5d76riIS9TipCh1it8dPuSJBEVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSwWOqPbT2bkTdGyVPgqlsiUMmqmLEymOtB5Hge2MsBnq395U/MvrJCa89FMm4sRQQeaLwoQjI9H0d9RnihLDx5Zgopi9FZEhVpgYm1DehvD9KfqfNM9KXqVUvi8Xq9dZHDk4hCM4AQ8uoAp3UIMGEBjBIzzDixM7T86r8zZvXXKymQP4Aef9CzeajtY=</latexit>

Tc ?

if          = -20ºC   and       = 20ºC 
<latexit sha1_base64="A7csB51FsZxinIYyzBhCPPuSJKY=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eI+QFyRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkhSha0FBUddPdFcSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUXCJDcONwHaskIaBwFYwvp35rQdUmkeybiYx+iEdSj7gjBorteq9lDOc9oolt+zOQZbIhetdVzziZUoJMtR6xY9uP2JJiNIwQbXueG5s/JQqw5nAaaGbaIwpG9MhdiyVNETtp/Nzp+TEKn0yiJQtachcXZ5Iaaj1JAxsZ0jNSP/2ZuJfXicxgys/5TJODEq2WDRIBDERmf1O+lwhM2JiCWWK21sJG1FFmbEJFWwI35+S/0nzrOxVyuf356XqTRZHHo7gGE7Bg0uowh3UoAEMxvAIz/DixM6T8+q8LVpzTjZzCD/gvH8Bi92PtQ==</latexit>

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

Ts

ice

aluminium

[W.m-1.K-1] [kg.m-3] [J.kg-1.K-1]
<latexit sha1_base64="ScYvxdmUpXE1pmLj2alqPzmC/fU=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4KokUquCi0I3LivYBzQhTKbTdugkM85MhBKy8VfcuFDErZ/hzr9x2kaoogcuHM65l3vvCQWjSjvOp1VYWl5ZXSuulzY2t7Z37N29tuKJxKSFOeOyGyJFGI1JS1PNSFdIgqKQkU44bkz9zj2RivL4Vk8E8SM0jOmAYqSNFNgHnrqTOvXGSAjkyRGHjSAVWRbYZafizAAXyJnjXtZc6OZKGeRoBvaH1+c4iUisMUNK9VxHaD9FUlPMSFbyEkUEwmM0JD1DYxQR5aezBzJ4bJQ+HHBpKtZwpi5OpChSahKFpjNCeqR+e1PxL6+X6MGFn9JYJJrEeL5okDCoOZymAftUEqzZxBCEJTW3QjxCEmFtMiuZEL4/hf+T9mnFrVWqN9Vy/SqPowgOwRE4AS44B3VwDZqgBTDIwCN4Bi/Wg/VkvVpv89aClc/sgx+w3r8AhZ6XAA==</latexit>p
⇢Cp

<latexit sha1_base64="cL8eFhm9X4bBFIMmkMpYeFE5j1U=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrQoeCl48VrAf0C4lm2bb2GwSkqxQSv+DFw+KePX/ePPfmLYrVNEHA4/3ZpiZFynOjPX9Ty+3tLyyupZfL2xsbm3vFHf3GkammtA6kVzqVoQN5UzQumWW05bSFCcRp81oeD31mw9UGybFnR0pGia4L1jMCLZOanSGWCncLZb8sj8DWiBnfnBZCVCQKSXIUOsWPzo9SdKECks4NqYd+MqGY6wtI5xOCp3UUIXJEPdp21GBE2rC8ezaCTpySg/FUrsSFs3UxYkxTowZJZHrTLAdmN/eVPzLa6c2vgjHTKjUUkHmi+KUIyvR9HXUY5oSy0eOYKKZuxWRAdaYWBdQwYXw/Sn6nzROykGlfHp7WqpeZXHk4QAO4RgCOIcq3EAN6kDgHh7hGV486T15r97bvDXnZTP78APe+xe2Wo84</latexit>
<latexit sha1_base64="OzQ5TWlMwb+IDwoJNvc6oeAsHXM=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rGA/oF1KNs12Q7PJkmSFUvoXvHhQxKt/yJv/xmy7QhV9MPB4b4aZeUHCmTau++kUVlbX1jeKm6Wt7Z3dvfL+QVvLVBHaIpJL1Q2wppwJ2jLMcNpNFMVxwGknGN9kfueBKs2kuDeThPoxHgkWMoJNJvVVJAflilt150BL5Nz1ruoe8nKlAjmag/JHfyhJGlNhCMda9zw3Mf4UK8MIp7NSP9U0wWSMR7RnqcAx1f50fusMnVhliEKpbAmD5uryxBTHWk/iwHbG2ET6t5eJf3m91ISX/pSJJDVUkMWiMOXISJQ9joZMUWL4xBJMFLO3IhJhhYmx8ZRsCN+fov9J+6zq1au1u1qlcZ3HUYQjOIZT8OACGnALTWgBgQge4RlenNh5cl6dt0VrwclnDuEHnPcvP9qOYA==</latexit>⇢

<latexit sha1_base64="zPiYBCTxbiq8oi/nNQAFp09lyr8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FHrxWNF+QLuUbJptQ5PskmSFsvQnePGgiFd/kTf/jWm7QhV9MPB4b4aZeUHMmTau++nkVlbX1jfym4Wt7Z3dveL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYFyf+e0HqjSL5L2ZxNQXeChZyAg2Vrqr9+N+seSW3TnQEjl3vauqh7xMKUGGRr/40RtEJBFUGsKx1l3PjY2fYmUY4XRa6CWaxpiM8ZB2LZVYUO2n81On6MQqAxRGypY0aK4uT6RYaD0Rge0U2Iz0b28m/uV1ExNe+imTcWKoJItFYcKRidDsbzRgihLDJ5Zgopi9FZERVpgYm07BhvD9KfqftM7KXrVcua2UatdZHHk4gmM4BQ8uoAY30IAmEBjCIzzDi8OdJ+fVeVu05pxs5hB+wHn/AjqcjcM=</latexit>

Cp [J.K.m-2.s1/2]

2

100

920

2700

2000

900

~ 1900

~ 16000

aluminium

<latexit sha1_base64="EoPvg1N2JhAjv1QqQxpDZhMcCrc=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwVWakVgUXBTcuq/QFnWHIpJk2NJkMSUappforblwo4tb/cOffmLYjVNEDFw7n3Mu994QJo0o7zqc1N7+wuLScW8mvrq1vbNpb2w0lUolJHQsmZCtEijAak7qmmpFWIgniISPNsH8x9ps3RCoq4poeJMTnqBvTiGKkjRTYu9417fY0klLc3sNagD1FeWAXnKIzAZwhx457VnahmykFkKEa2B9eR+CUk1hjhpRqu06i/SGSmmJGRnkvVSRBuI+6pG1ojDhR/nBy/QgeGKUDIyFNxRpO1NmJIeJKDXhoOjnSPfXbG4t/ee1UR6f+kMZJqkmMp4uilEEt4DgK2KGSYM0GhiAsqbkV4h6SCGsTWN6E8P0p/J80jopuuVi6KhUq51kcObAH9sEhcMEJqIBLUAV1gMEdeATP4MV6sJ6sV+tt2jpnZTM74Aes9y+/JZVq</latexit>

! Tc " 15ºC not compatible with
<latexit sha1_base64="tF3Qi0g3voC1adNqmMaoMHjdA7o=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU9kVrQoeCl48VugXtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG1XqKIPBh7vzTAzL4g508Z1P53Cyura+kZxs7S1vbO7V94/aOsoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTG4zv/NAlWaRbJppTH2BR5KFjGCTSag5CAflilt150BL5ML1rmse8nKlAjkag/JHfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hE6sMURgpW9Kgubo8kWKh9VQEtlNgM9a/vUz8y+slJrzyUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG8P0p+p+0z6perXp+f16p3+RxFOEIjuEUPLiEOtxBA1pAYAyP8AwvjnCenFfnbdFacPKZQ/gB5/0LmyKN9A==</latexit>

Tf = 0ºC … 



2.6 Melting of an ice cube

even more simplified model:    

<latexit sha1_base64="A7csB51FsZxinIYyzBhCPPuSJKY=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eI+QFyRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkhSha0FBUddPdFcSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUXCJDcONwHaskIaBwFYwvp35rQdUmkeybiYx+iEdSj7gjBorteq9lDOc9oolt+zOQZbIhetdVzziZUoJMtR6xY9uP2JJiNIwQbXueG5s/JQqw5nAaaGbaIwpG9MhdiyVNETtp/Nzp+TEKn0yiJQtachcXZ5Iaaj1JAxsZ0jNSP/2ZuJfXicxgys/5TJODEq2WDRIBDERmf1O+lwhM2JiCWWK21sJG1FFmbEJFWwI35+S/0nzrOxVyuf356XqTRZHHo7gGE7Bg0uowh3UoAEMxvAIz/DixM6T8+q8LVpzTjZzCD/gvH8Bi92PtQ==</latexit>

Tice

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

Ts

               = 0ºC 

aluminium

thin melting layer

water goes away

<latexit sha1_base64="3fLhnzVYsWnxkDaBB7Krhvi25pg=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkoitSp4KHjxWMF+QBvKZrtplm42YXcilNC/4MWDIl79Q978N27aCFX0wcDjvRlm5nmx4Bps+9MqrKyurW8UN0tb2zu7e+X9g46OEkVZm0YiUj2PaCa4ZG3gIFgvVoyEnmBdb3KT+d0HpjSP5D1MY+aGZCy5zymBTAqqcDosV+yaPQdeIue2c9VwsJMrFZSjNSx/DEYRTUImgQqidd+xY3BTooBTwWalQaJZTOiEjFnfUElCpt10fusMnxhlhP1ImZKA5+ryREpCraehZzpDAoH+7WXiX14/Af/STbmME2CSLhb5icAQ4exxPOKKURBTQwhV3NyKaUAUoWDiKZkQvj/F/5POWc1p1Op39UrzOo+jiI7QMaoiB12gJrpFLdRGFAXoET2jFyu0nqxX623RWrDymUP0A9b7F4mHjeg=</latexit>

h(t)

<latexit sha1_base64="scNIFT1JFaTa1rOzIE6RVb5OPKs=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RsgLkiXMzs4mQ2YfzvQKIeQnvHhQxKu/482/cZKsEEULGoqqbrq7vEQKjbb9aeVWVtfWN/Kbha3tnd294v5BS8epYrzJYhmrjkc1lyLiTRQoeSdRnIae5G1vdDPz2w9caRFHDRwn3A3pIBKBYBSN1On5XCLtN/rFkl225yBL5Nx2rqoOcTKlBBnq/eJHz49ZGvIImaRadx07QXdCFQom+bTQSzVPKBvRAe8aGtGQa3cyv3dKTozikyBWpiIkc3V5YkJDrcehZzpDikP925uJf3ndFINLdyKiJEUescWiIJUEYzJ7nvhCcYZybAhlSphbCRtSRRmaiAomhO9Pyf+kdVZ2quXKXaVUu87iyMMRHMMpOHABNbiFOjSBgYRHeIYX6956sl6tt0VrzspmDuEHrPcvEC2P/A==</latexit>

! T

<latexit sha1_base64="d9Skxjg9P/ChX6y2pJzRhMbId1o=">AAACBnicdVDLSgNBEJyNrxhfUY8iDAZBL3E3xKjgIeDFY4QkBrIx9E4mZsjsg5leISw5efFXvHhQxKvf4M2/cfIQomhBQ1HVTXeXF0mh0bY/rdTc/MLiUno5s7K6tr6R3dyq6zBWjNdYKEPV8EBzKQJeQ4GSNyLFwfckv/b6FyP/+o4rLcKgioOIt3y4DURXMEAjtbO7bodLhHbV1cKnBy7IqAcUD28S56gwbGdzdt4eg86QY9s5KznUmSo5MkWlnf1wOyGLfR4gk6B107EjbCWgUDDJhxk31jwC1odb3jQ0AJ/rVjJ+Y0j3jdKh3VCZCpCO1dmJBHytB75nOn3Anv7tjcS/vGaM3dNWIoIoRh6wyaJuLCmGdJQJ7QjFGcqBIcCUMLdS1gMFDE1yGRPC96f0f1Iv5J1SvnhVzJXPp3GkyQ7ZIwfEISekTC5JhdQII/fkkTyTF+vBerJerbdJa8qazmyTH7DevwCmxpfz</latexit>

! T ! (" t)1/ 2

Heat flux compensates for latent heat:
<latexit sha1_base64="rHIJLw2tgOmo4QasxyyAu4gncWI=">AAACCXicdZDLSsNAFIYn9VbrLerSzWARXNSSSK0KCgU3LlxU7A2aEibTSTt2kgkzE6GEbt34Km5cKOLWN3Dn2zhtI1TRHwZ+vnMOZ87vRYxKZVmfRmZufmFxKbucW1ldW98wN7cakscCkzrmjIuWhyRhNCR1RRUjrUgQFHiMNL3BxbjevCNCUh7W1DAinQD1QupTjJRGrglv3Rq8cQpddQ4PoCP63E0oJqMrpzDBfdfMW0VrIjhjjiz7tGxDOyV5kKrqmh9Ol+M4IKHCDEnZtq1IdRIkFMWMjHJOLEmE8AD1SFvbEAVEdpLJJSO4p0kX+lzoFyo4obMTCQqkHAae7gyQ6svftTH8q9aOlX/SSWgYxYqEeLrIjxlUHI5jgV0qCFZsqA3Cguq/QtxHAmGlw8vpEL4vhf+bxmHRLhdL16V85SyNIwt2wC7YBzY4BhVwCaqgDjC4B4/gGbwYD8aT8Wq8TVszRjqzDX7IeP8CoeOYZg==</latexit>

j T S dt = ! ! ice L S dh

latent heat [J.kg-1]

<latexit sha1_base64="uJyRc8CnpwD1lVh6LvifENTWi70=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0mkVgWFghePFfoFaQib7aRdusmG3Y1QQn+GFw+KePXXePPfuG0jVNEHA4/3ZpiZFyScKW3bn1ZhZXVtfaO4Wdra3tndK+8fdJRIJYU2FVzIXkAUcBZDWzPNoZdIIFHAoRuMb2d+9wGkYiJu6UkCXkSGMQsZJdpIbsvPGIXpTcsP/XLFrtpz4CVybjtXdQc7uVJBOZp++aM/EDSNINaUE6Vcx060lxGpGeUwLfVTBQmhYzIE19CYRKC8bH7yFJ8YZYBDIU3FGs/V5YmMREpNosB0RkSP1G9vJv7luakOL72MxUmqIaaLRWHKsRZ49j8eMAlU84khhEpmbsV0RCSh2qRUMiF8f4r/J52zqlOv1u5rlcZ1HkcRHaFjdIocdIEa6A41URtRJNAjekYvlraerFfrbdFasPKZQ/QD1vsXM1yRMw==</latexit>

Tice = Tf

<latexit sha1_base64="609bOWUj0TypgXYOgJdRXxGIrWM="></latexit>

j T !
!

! s" sCp

t

" 1/ 2

(Ts " Tf )

<latexit sha1_base64="6+UF8QDhW947dMn9KeTixqiOfEE="></latexit>

j T ! ! s
Ts " Tf

"T

latent heat <z jump of heat flux at the boundary 

Stefan problem: moving front

solid

liquid
<latexit sha1_base64="o+zNYzSqr+ddDGLJBcJPJaADgTw=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RjQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wkK6hoQUNR1U13V5BIYdB1P5zc0vLK6lp+vbCxubW9U9zda5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRlczv3XPtRGxusNxwv2IDpQIBaNopdu0F/aKJbfszkG+kVPXu6h6xMuUEmSo94rv3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUHFmlT8JY21JI5ur3iQmNjBlHge2MKA7Nb28m/uV1UgzP/YlQSYpcscWiMJUEYzL7m/SF5gzl2BLKtLC3EjakmjK06RRsCF+fkv9J86TsVcuVm0qpdpnFkYcDOIRj8OAManANdWgAgwE8wBM8O9J5dF6c10Vrzslm9uEHnLdPd6CN6w==</latexit>uf

<latexit sha1_base64="hI0cw9sYDH0cJAW6t/BbGKGr1/I=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rGA/pF1KNs22sUl2SbJCWforvHhQxKs/x5v/xrRdoYo+GHi8N8PMvCDmTBvX/XRyS8srq2v59cLG5tb2TnF3r6mjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqa+q0HqjSL5K0Zx9QXeCBZyAg2VrpLu0GI7ic93SuW3LI7A1ogp653UfWQlyklyFDvFT+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28AQdWaWPwkjZkgbN1MWJFAutxyKwnQKbof7tTcW/vE5iwnM/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvj9F/5PmSdmrlis3lVLtMosjDwdwCMfgwRnU4Brq0AACAh7hGV4c5Tw5r87bvDXnZDP78APO+xfH1pBl</latexit>

j s

<latexit sha1_base64="QoHl83XXVJZWjTvEy0K2wPA83rA=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rGA/pF1KNs22sUl2SbJCWforvHhQxKs/x5v/xrRdoYo+GHi8N8PMvCDmTBvX/XRyS8srq2v59cLG5tb2TnF3r6mjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqa+q0HqjSL5K0Zx9QXeCBZyAg2VrpLu0GI7ic93iuW3LI7A1ogp653UfWQlyklyFDvFT+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28AQdWaWPwkjZkgbN1MWJFAutxyKwnQKbof7tTcW/vE5iwnM/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvj9F/5PmSdmrlis3lVLtMosjDwdwCMfgwRnU4Brq0AACAh7hGV4c5Tw5r87bvDXnZDP78APO+xe9OpBe</latexit>

j l
<latexit sha1_base64="QKzOX+xmkvhPyaQLVisF5N0BkVs=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RjAPSEKYncwmQ2Znl5leISz5CC8eFPHq93jzb5wkK0TRgoaiqpvuLj+WwqDrfjq5ldW19Y38ZmFre2d3r7h/0DRRohlvsEhGuu1Tw6VQvIECJW/HmtPQl7zlj29mfuuBayMidY+TmPdCOlQiEIyilVpp1w+ImvaLJbfszkGWyLnrXVU94mVKCTLU+8WP7iBiScgVMkmN6XhujL2UahRM8mmhmxgeUzamQ96xVNGQm146P3dKTqwyIEGkbSkkc3V5IqWhMZPQt50hxZH57c3Ev7xOgsFlLxUqTpArtlgUJJJgRGa/k4HQnKGcWEKZFvZWwkZUU4Y2oYIN4ftT8j9pnpW9arlyVynVrrM48nAEx3AKHlxADW6hDg1gMIZHeIYXJ3aenFfnbdGac7KZQ/gB5/0LQAaPgw==</latexit>n <latexit sha1_base64="dbTwRLB5DKc1UAJlNiXpF9mbI0M=">AAACHHicdZDLSgMxFIYz9VbrbdSlm2AR3FhmtFYFhYIbFy4q2Au0ZcikmTY2kwxJRijDPIgbX8WNC0XcuBB8G9MbVNEfAj/fOYeT8/sRo0o7zpeVmZtfWFzKLudWVtfWN+zNrZoSscSkigUTsuEjRRjlpKqpZqQRSYJCn5G6378c1uv3RCoq+K0eRKQdoi6nAcVIG+TZR7EXtGRPeApeewG8gEnLD+Bd6qnCyPH0YErYlHh23ik4I8EZc+y4ZyUXuhOSBxNVPPuj1RE4DgnXmCGlmq4T6XaCpKaYkTTXihWJEO6jLmkay1FIVDsZHZfCPUM6MBDSPK7hiM5OJChUahD6pjNEuqd+14bwr1oz1sFpO6E8ijXheLwoiBnUAg6Tgh0qCdZsYAzCkpq/QtxDEmFt8syZEKaXwv9N7bDglgrFm2K+fD6JIwt2wC7YBy44AWVwBSqgCjB4AE/gBbxaj9az9Wa9j1sz1mRmG/yQ9fkNUOmg5w==</latexit>

uf ! sL f = j s.n ! j l .n



2.6 Melting of an ice cube

even more simplified model:

<latexit sha1_base64="A7csB51FsZxinIYyzBhCPPuSJKY=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eI+QFyRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkhSha0FBUddPdFcSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUXCJDcONwHaskIaBwFYwvp35rQdUmkeybiYx+iEdSj7gjBorteq9lDOc9oolt+zOQZbIhetdVzziZUoJMtR6xY9uP2JJiNIwQbXueG5s/JQqw5nAaaGbaIwpG9MhdiyVNETtp/Nzp+TEKn0yiJQtachcXZ5Iaaj1JAxsZ0jNSP/2ZuJfXicxgys/5TJODEq2WDRIBDERmf1O+lwhM2JiCWWK21sJG1FFmbEJFWwI35+S/0nzrOxVyuf356XqTRZHHo7gGE7Bg0uowh3UoAEMxvAIz/DixM6T8+q8LVpzTjZzCD/gvH8Bi92PtQ==</latexit>

Tice

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

Ts

        = 0ºC 
<latexit sha1_base64="A7csB51FsZxinIYyzBhCPPuSJKY=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eI+QFyRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkhSha0FBUddPdFcSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUXCJDcONwHaskIaBwFYwvp35rQdUmkeybiYx+iEdSj7gjBorteq9lDOc9oolt+zOQZbIhetdVzziZUoJMtR6xY9uP2JJiNIwQbXueG5s/JQqw5nAaaGbaIwpG9MhdiyVNETtp/Nzp+TEKn0yiJQtachcXZ5Iaaj1JAxsZ0jNSP/2ZuJfXicxgys/5TJODEq2WDRIBDERmf1O+lwhM2JiCWWK21sJG1FFmbEJFWwI35+S/0nzrOxVyuf356XqTRZHHo7gGE7Bg0uowh3UoAEMxvAIz/DixM6T8+q8LVpzTjZzCD/gvH8Bi92PtQ==</latexit>

Tice

aluminium

thin melting layer

water goes away

<latexit sha1_base64="3fLhnzVYsWnxkDaBB7Krhvi25pg=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkoitSp4KHjxWMF+QBvKZrtplm42YXcilNC/4MWDIl79Q978N27aCFX0wcDjvRlm5nmx4Bps+9MqrKyurW8UN0tb2zu7e+X9g46OEkVZm0YiUj2PaCa4ZG3gIFgvVoyEnmBdb3KT+d0HpjSP5D1MY+aGZCy5zymBTAqqcDosV+yaPQdeIue2c9VwsJMrFZSjNSx/DEYRTUImgQqidd+xY3BTooBTwWalQaJZTOiEjFnfUElCpt10fusMnxhlhP1ImZKA5+ryREpCraehZzpDAoH+7WXiX14/Af/STbmME2CSLhb5icAQ4exxPOKKURBTQwhV3NyKaUAUoWDiKZkQvj/F/5POWc1p1Op39UrzOo+jiI7QMaoiB12gJrpFLdRGFAXoET2jFyu0nqxX623RWrDymUP0A9b7F4mHjeg=</latexit>

h(t)

<latexit sha1_base64="scNIFT1JFaTa1rOzIE6RVb5OPKs=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RsgLkiXMzs4mQ2YfzvQKIeQnvHhQxKu/482/cZKsEEULGoqqbrq7vEQKjbb9aeVWVtfWN/Kbha3tnd294v5BS8epYrzJYhmrjkc1lyLiTRQoeSdRnIae5G1vdDPz2w9caRFHDRwn3A3pIBKBYBSN1On5XCLtN/rFkl225yBL5Nx2rqoOcTKlBBnq/eJHz49ZGvIImaRadx07QXdCFQom+bTQSzVPKBvRAe8aGtGQa3cyv3dKTozikyBWpiIkc3V5YkJDrcehZzpDikP925uJf3ndFINLdyKiJEUescWiIJUEYzJ7nvhCcYZybAhlSphbCRtSRRmaiAomhO9Pyf+kdVZ2quXKXaVUu87iyMMRHMMpOHABNbiFOjSBgYRHeIYX6956sl6tt0VrzspmDuEHrPcvEC2P/A==</latexit>

! T
<latexit sha1_base64="e2NKl/AH2FpEGIq5s3APXJALPho="></latexit>

h0 ! h(t) "
Ts ! Tf

! ice L
(" s! sCpt)1/ 2

<latexit sha1_base64="OwRSaaHa1wv+jY1X/anRDW08bn8="></latexit>

dh
dt

= !
j T

! ice L
" !

!
" s! sCP

t

" 1/ 2 Ts ! Tf

! ice L

melting time
<latexit sha1_base64="+QQnD4a0T0T2FpSTlswRz6pRbYM="></latexit>

! !
!

" ice L h 0

Ts " Tf

" 2 1
#s" sCp

Numerical estimate:
<latexit sha1_base64="60f7nf4rrcKp6sEkAHaURS8lkEM=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rOC2hXYp2TTbhibZJckKZemP8OJBEa/+Hm/+G9N2hSr6YODx3gwz88KEM21c99MprKyurW8UN0tb2zu7e+X9g5aOU0WoT2Ieq06INeVMUt8ww2knURSLkNN2OL6Z+e0HqjSL5b2ZJDQQeChZxAg2VmqP+m5PM9EvV9yqOwdaIueud1X3kJcrFcjR7Jc/eoOYpIJKQzjWuuu5iQkyrAwjnE5LvVTTBJMxHtKupRILqoNsfu4UnVhlgKJY2ZIGzdXliQwLrScitJ0Cm5H+7c3Ev7xuaqLLIGMySQ2VZLEoSjkyMZr9jgZMUWL4xBJMFLO3IjLCChNjEyrZEL4/Rf+T1lnVq1drd7VK4zqPowhHcAyn4MEFNOAWmuADgTE8wjO8OInz5Lw6b4vWgpPPHMIPOO9fKiaPdQ==</latexit>

h0 ! 3 cm
<latexit sha1_base64="bkOcIakai2skzf2A+Zo/aNYEKNk=">AAAB9XicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rGA/oLuWbJq2oUl2SbJKWfo/vHhQxKv/xZv/xrRdoYo+GHi8N8PMvDDmTBvX/XRyS8srq2v59cLG5tb2TnF3r6mjRBHaIBGPVDvEmnImacMww2k7VhSLkNNWOLqa+q17qjSL5K0ZxzQQeCBZnxFsrHTnq2HUTRmhE18z0S2W3LI7A1ogp653UfWQlyklyFDvFj/8XkQSQaUhHGvd8dzYBClWhhFOJwU/0TTGZIQHtGOpxILqIJ1dPUFHVumhfqRsSYNm6uJEioXWYxHaToHNUP/2puJfXicx/fMgZTJODJVkvqifcGQiNI0A9ZiixPCxJZgoZm9FZIgVJsYGVbAhfH+K/ifNk7JXLVduKqXaZRZHHg7gEI7BgzOowTXUoQEEFDzCM7w4D86T8+q8zVtzTjazDz/gvH8BKSaS8Q==</latexit>! ice ! 920 kg/m3

<latexit sha1_base64="wHlq1BhAVmhzKoVirQtv9wubKlA=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx48FDBbQvtUrJptg1NskuSFcrS3+DFgyJe/UHe/Dem7Qoq+mDg8d4MM/PChDNtXPfDKSwtr6yuFddLG5tb2zvl3b2WjlNFqE9iHqtOiDXlTFLfMMNpJ1EUi5DTdji+mvnte6o0i+WdmSQ0EHgoWcQINlbyb3qaiX654lbdOdA3cup6F3UPeblSgRzNfvm9N4hJKqg0hGOtu56bmCDDyjDC6bTUSzVNMBnjIe1aKrGgOsjmx07RkVUGKIqVLWnQXP0+kWGh9USEtlNgM9K/vZn4l9dNTXQeZEwmqaGSLBZFKUcmRrPP0YApSgyfWIKJYvZWREZYYWJsPiUbwten6H/SOql69WrttlZpXOZxFOEADuEYPDiDBlxDE3wgwOABnuDZkc6j8+K8LloLTj6zDz/gvH0C2SeOtg==</latexit>

L ! 334 kJ/kg

aluminium
<latexit sha1_base64="ZgpC8kPrSjynFxl8gZngxLqY4Vo=">AAACB3icdVDLSsNAFJ3UV62vqEtBBotQNzUptSq4KHTjsoJ9QBPDZDqxQyeTMDMRSujOjb/ixoUibv0Fd/6N0zZCFT1w4XDOvdx7jx8zKpVlfRq5hcWl5ZX8amFtfWNzy9zeacsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHHzYmfueOCEkjfq1GMXFDdMtpQDFSWvLM/ZIzRHGMoCMGkSdhw2vCo5vUPq6MHUlDzyxaZWsKOEdOLPu8ZkM7U4ogQ9MzP5x+hJOQcIUZkrJnW7FyUyQUxYyMC04iSYzwEN2SnqYchUS66fSPMTzUSh8GkdDFFZyq8xMpCqUchb7uDJEayN/eRPzL6yUqOHNTyuNEEY5ni4KEQRXBSSiwTwXBio00QVhQfSvEAyQQVjq6gg7h+1P4P2lXynatXL2qFusXWRx5sAcOQAnY4BTUwSVoghbA4B48gmfwYjwYT8ar8TZrzRnZzC74AeP9C86TmAA=</latexit>

(!" sCP )1/ 2 ! 16000 J.K.m-2s1/2 <latexit sha1_base64="oFbex7d63qvjl/gEljBdtVgMiJw=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiRSq4KLghuXVewDmlAm00k7dDIJMzdKCRV/xY0LRdz6He78G6cPoYoeuHA4517uvSdIBNfgOJ/W3PzC4tJybiW/ura+sWlvbdd1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBP2Lkd+4ZUrzWN7AIGF+RLqSh5wSMFLb3vWuebcHRKn47t4DkmJP86htF5yiMwaeIceOe1Z2sTtVCmiKatv+8DoxTSMmgQqidct1EvAzooBTwYZ5L9UsIbRPuqxlqCQR0342Pn+ID4zSwWGsTEnAY3V2IiOR1oMoMJ0RgZ7+7Y3Ev7xWCuGpn3GZpMAknSwKU4EhxqMscIcrRkEMDCFUcXMrpj2iCAWTWN6E8P0p/p/Uj4puuVi6KhUq59M4cmgP7aND5KITVEGXqIpqiKIMPaJn9GI9WE/Wq/U2aZ2zpjM76Aes9y/IfJYE</latexit>! ! "

wood
<latexit sha1_base64="ZgpC8kPrSjynFxl8gZngxLqY4Vo=">AAACB3icdVDLSsNAFJ3UV62vqEtBBotQNzUptSq4KHTjsoJ9QBPDZDqxQyeTMDMRSujOjb/ixoUibv0Fd/6N0zZCFT1w4XDOvdx7jx8zKpVlfRq5hcWl5ZX8amFtfWNzy9zeacsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHHzYmfueOCEkjfq1GMXFDdMtpQDFSWvLM/ZIzRHGMoCMGkSdhw2vCo5vUPq6MHUlDzyxaZWsKOEdOLPu8ZkM7U4ogQ9MzP5x+hJOQcIUZkrJnW7FyUyQUxYyMC04iSYzwEN2SnqYchUS66fSPMTzUSh8GkdDFFZyq8xMpCqUchb7uDJEayN/eRPzL6yUqOHNTyuNEEY5ni4KEQRXBSSiwTwXBio00QVhQfSvEAyQQVjq6gg7h+1P4P2lXynatXL2qFusXWRx5sAcOQAnY4BTUwSVoghbA4B48gmfwYjwYT8ar8TZrzRnZzC74AeP9C86TmAA=</latexit>

(!" sCP )1/ 2 ! 400 J.K.m-2s1/2 <latexit sha1_base64="oFbex7d63qvjl/gEljBdtVgMiJw=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgqiRSq4KLghuXVewDmlAm00k7dDIJMzdKCRV/xY0LRdz6He78G6cPoYoeuHA4517uvSdIBNfgOJ/W3PzC4tJybiW/ura+sWlvbdd1nCrKajQWsWoGRDPBJasBB8GaiWIkCgRrBP2Lkd+4ZUrzWN7AIGF+RLqSh5wSMFLb3vWuebcHRKn47t4DkmJP86htF5yiMwaeIceOe1Z2sTtVCmiKatv+8DoxTSMmgQqidct1EvAzooBTwYZ5L9UsIbRPuqxlqCQR0342Pn+ID4zSwWGsTEnAY3V2IiOR1oMoMJ0RgZ7+7Y3Ev7xWCuGpn3GZpMAknSwKU4EhxqMscIcrRkEMDCFUcXMrpj2iCAWTWN6E8P0p/p/Uj4puuVi6KhUq59M4cmgP7aND5KITVEGXqIpqiKIMPaJn9GI9WE/Wq/U2aZ2zpjM76Aes9y/IfJYE</latexit>! ! "

800s ~ 13 min

106s ~ 15 days !
other heat exchange mechanisms ?



Detailed solution

<latexit sha1_base64="A7csB51FsZxinIYyzBhCPPuSJKY=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKeyKRgUPAS8eI+QFyRJmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkhSha0FBUddPdFcSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUXCJDcONwHaskIaBwFYwvp35rQdUmkeybiYx+iEdSj7gjBorteq9lDOc9oolt+zOQZbIhetdVzziZUoJMtR6xY9uP2JJiNIwQbXueG5s/JQqw5nAaaGbaIwpG9MhdiyVNETtp/Nzp+TEKn0yiJQtachcXZ5Iaaj1JAxsZ0jNSP/2ZuJfXicxgys/5TJODEq2WDRIBDERmf1O+lwhM2JiCWWK21sJG1FFmbEJFWwI35+S/0nzrOxVyuf356XqTRZHHo7gGE7Bg0uowh3UoAEMxvAIz/DixM6T8+q8LVpzTjZzCD/gvH8Bi92PtQ==</latexit>

Tice

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

Ts

<latexit sha1_base64="3fLhnzVYsWnxkDaBB7Krhvi25pg=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkoitSp4KHjxWMF+QBvKZrtplm42YXcilNC/4MWDIl79Q978N27aCFX0wcDjvRlm5nmx4Bps+9MqrKyurW8UN0tb2zu7e+X9g46OEkVZm0YiUj2PaCa4ZG3gIFgvVoyEnmBdb3KT+d0HpjSP5D1MY+aGZCy5zymBTAqqcDosV+yaPQdeIue2c9VwsJMrFZSjNSx/DEYRTUImgQqidd+xY3BTooBTwWalQaJZTOiEjFnfUElCpt10fusMnxhlhP1ImZKA5+ryREpCraehZzpDAoH+7WXiX14/Af/STbmME2CSLhb5icAQ4exxPOKKURBTQwhV3NyKaUAUoWDiKZkQvj/F/5POWc1p1Op39UrzOo+jiI7QMaoiB12gJrpFLdRGFAXoET2jFyu0nqxX623RWrDymUP0A9b7F4mHjeg=</latexit>

h(t)

<latexit sha1_base64="scNIFT1JFaTa1rOzIE6RVb5OPKs=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48RsgLkiXMzs4mQ2YfzvQKIeQnvHhQxKu/482/cZKsEEULGoqqbrq7vEQKjbb9aeVWVtfWN/Kbha3tnd294v5BS8epYrzJYhmrjkc1lyLiTRQoeSdRnIae5G1vdDPz2w9caRFHDRwn3A3pIBKBYBSN1On5XCLtN/rFkl225yBL5Nx2rqoOcTKlBBnq/eJHz49ZGvIImaRadx07QXdCFQom+bTQSzVPKBvRAe8aGtGQa3cyv3dKTozikyBWpiIkc3V5YkJDrcehZzpDikP925uJf3ndFINLdyKiJEUescWiIJUEYzJ7nvhCcYZybAhlSphbCRtSRRmaiAomhO9Pyf+kdVZ2quXKXaVUu87iyMMRHMMpOHABNbiFOjSBgYRHeIYX6956sl6tt0VrzspmDuEHrPcvEC2P/A==</latexit>

! T

<latexit sha1_base64="XjTPSbY/qtYz+pPwglOXOQ8X1C0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWiEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsJfo0X</latexit>z

in the solid:
<latexit sha1_base64="bHFyCupW2ydB142gqpw8aX7J/Yk="></latexit>

T (z, t) = A erf
!

z
2(! 1t)1/ 2

"
+ B

<latexit sha1_base64="LT8s3b/UYGmZvW+bcs/XVn4ELlg=">AAAB+HicdVDLSgNBEOz1GeMjqx69DAYhXsKuxKhgIOjFY4S8IFmW2clsMmT2wcyskIR8iRcPinj1U7z5N06SFaJoQUNR1U13lxdzJpVlfRorq2vrG5uZrez2zu5eztw/aMooEYQ2SMQj0fawpJyFtKGY4rQdC4oDj9OWN7yd+a0HKiSLwroaxdQJcD9kPiNYack1c/XCuGKdogq6qaC667tm3ipac6Alcm7ZV2Ub2amShxQ11/zo9iKSBDRUhGMpO7YVK2eChWKE02m2m0gaYzLEfdrRNMQBlc5kfvgUnWilh/xI6AoVmqvLExMcSDkKPN0ZYDWQv72Z+JfXSZR/6UxYGCeKhmSxyE84UhGapYB6TFCi+EgTTATTtyIywAITpbPK6hC+P0X/k+ZZ0S4XS/elfPU6jSMDR3AMBbDhAqpwBzVoAIEEHuEZXoyx8WS8Gm+L1hUjnTmEHzDevwCXvpEb</latexit>

T (z = 0) = B = Tf
<latexit sha1_base64="yl25TU2hgZgLkNDrk+BJSg238VM=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQkZYZqVXBQtWNywp9QVuGTJppQzOZIckIdejCjb/ixoUibv0Id/6N6UOoogcCh3Pu5eYcN2RUKsv6NBILi0vLK8nV1Nr6xuaWub1Tl0EkMKnhgAWi6SJJGOWkpqhipBkKgnyXkYY7uBr7jVsiJA14VQ1D0vFRj1OPYqS05JjpavaurQKYa1PuqeEBLMGqI0swd3F46ZgZK29NAOfIsWWfFW1oz5QMmKHimB/tboAjn3CFGZKyZVuh6sRIKIoZGaXakSQhwgPUIy1NOfKJ7MSTECO4r5Uu9AKhH1dwos5vxMiXcui7etJHqi9/e2PxL68VKe+0E1MeRopwPD3kRQzq1ONGYJcKghUbaoKwoPqvEPeRQFjp3lK6hO+k8H9SP8rbxXzhppApn8/qSII02ANZYIMTUAbXoAJqAIN78AiewYvxYDwZr8bbdDRhzHZ2wQ8Y718wBZXe</latexit>

T (z ! "# ) = Ts = " A + B
<latexit sha1_base64="9mwaX4YHdA/Yas3xObVn5FKCZe4="></latexit>

T (z, t) = ( Tf ! Ts) erf
!

z
2(! 2t)1/ 2

"
+ Tf

<latexit sha1_base64="4hxAzwbLC9SOJqDNQs8B0ujpgoU="></latexit>

j T = ! ! s
" T
" z

!
!
!
!
z=0

=
! s(Ts ! Tf )

2(#t)1/ 2
=

"
! s$sCp

t

# 1/ 2 Ts ! Tf

2
<latexit sha1_base64="qz97fJvdKwq6y9E9Y2/xJqZNj+o="></latexit>

dh
dt

= !
j T

! ice L
= !

!
" s! sCp

t

" 1/ 2 Ts ! Tf

2! ice L
<latexit sha1_base64="azknfWdwSr9Q0JEtnkMu/ovaW68="></latexit>

h0 ! h(t) = ( ! s" sCpt)1/ 2 Ts ! Tf

" ice L

same expression as scaling law!



Experiment in the lab
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Experiment in the lab

<latexit sha1_base64="/I6sTahRq6ybA46DaRhmtj2tF64=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCCy2J1KrgouDGZQVbC0kIk+mkHTqThJmJUEPxV9y4UMSt/+HOv3HSRqiiBwYO59zLPXOChFGpLOvTKM3NLywulZcrK6tr6xvm5lZHxqnApI1jFotugCRhNCJtRRUj3UQQxANGboPhZe7f3hEhaRzdqFFCPI76EQ0pRkpLvrkz8K2jgXvouBypgeAZ52PPN6tWzZoAzpATyz5v2NAulCoo0PLND7cX45STSGGGpHRsK1FehoSimJFxxU0lSRAeoj5xNI0QJ9LLJunHcF8rPRjGQr9IwYk6u5EhLuWIB3oyzyh/e7n4l+ekKjzzMholqSIRnh4KUwZVDPMqYI8KghUbaYKwoDorxAMkEFa6sIou4fun8H/SOa7ZjVr9ul5tXhR1lMEu2AMHwAanoAmuQAu0AQb34BE8gxfjwXgyXo236WjJKHa2wQ8Y718r+pUP</latexit>

h0 ! h [mm]

<latexit sha1_base64="w+3VoR+0kWneybRhbyB40sV5xkE=">AAACBHicdZDLSsNAFIYnXmu9RV12M1gEF1KTUquCi4IblxXsBZJYJtNJO3QmCTMToYQu3Pgqblwo4taHcOfbOGkjVNEfBn6+cw5zzu/HjEplWZ/GwuLS8spqYa24vrG5tW3u7LZllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek448us3rnjghJo/BGjWPicTQIaUAxUhr1zJK6Te3j6sQ9clyO1FDwVE5myOuZZatiTQXnzIlln9dtaOekDHI1e+aH249wwkmoMENSOrYVKy9FQlHMyKToJpLECI/QgDjahogT6aXTIybwQJM+DCKhX6jglM5PpIhLOea+7swWlb9rGfyr5iQqOPNSGsaJIiGefRQkDKoIZonAPhUEKzbWBmFB9a4QD5FAWOncijqE70vh/6Zdrdj1Su26Vm5c5HEUQAnsg0Ngg1PQAFegCVoAg3vwCJ7Bi/FgPBmvxtusdcHIZ/bADxnvX/ATl6Y=</latexit>

t 1/ 2 [s1/ 2]
initial                ?

<latexit sha1_base64="LS36A6I7OVZMq2uN21DuupevY+E=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKjQo9FLx4rNC0hTaUzXbTLt1swu5GKKG/wYsHRbz6g7z5b9y2EVT0wcDjvRlm5gUJZ0rb9odVWFvf2Nwqbpd2dvf2D8qHRx0Vp5JQj8Q8lr0AK8qZoJ5mmtNeIimOAk67wfRm4XfvqVQsFm09S6gf4bFgISNYG8lrN9rDcFiu2FV7CbQiTs2Quu1cuy5ycqsCOVrD8vtgFJM0okITjpXqO3ai/QxLzQin89IgVTTBZIrHtG+owBFVfrY8do7OjDJCYSxNCY2W6veJDEdKzaLAdEZYT9RvbyH+5fVTHV75GRNJqqkgq0VhypGO0eJzNGKSEs1nhmAimbkVkQmWmGiTT8mE8PUp+p90alXHrbp3F5VmI4+jCCdwCufgwCU04RZa4AEBBg/wBM+WsB6tF+t11Vqw8plj+AHr7RN3d454</latexit>

T < T f



2.7 Estimating the age of the Earth ?

 very simplified model

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

R

 liquid

solid crust
<latexit sha1_base64="7+1uG8uMEj0WY3TVnyse9lQjug8=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVtip4KHjxWKFf0C4lm2bb0CS7JFmhLP0RXjwo4tXf481/Y9quUEUfDDzem2FmXhBzpo3rfjq5tfWNza38dmFnd2//oHh41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzO/c4DVZpFsmmmMfUFHkkWMoKNlTrNge5rJgbFklt2F0ArpOp61zUPeZlSggyNQfGjP4xIIqg0hGOte54bGz/FyjDC6azQTzSNMZngEe1ZKrGg2k8X587QmVWGKIyULWnQQl2dSLHQeioC2ymwGevf3lz8y+slJrzyUybjxFBJlovChCMTofnvaMgUJYZPLcFEMXsrImOsMDE2oYIN4ftT9D9pX5S9WrlyXynVb7I48nACp3AOHlxCHe6gAS0gMIFHeIYXJ3aenFfnbdmac7KZY/gB5/0LcfaPpA==</latexit>

Ts ! 15ºC (fixed)

<latexit sha1_base64="b4bf58DPPaGzngAgmT8gzksz8Rw=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVtip4KHjxWKFf0C4lm2bb0CS7JFmhLP0RXjwo4tXf481/Y9quUEUfDDzem2FmXhBzpo3rfjq5tfWNza38dmFnd2//oHh41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzO/c4DVZpFsmmmMfUFHkkWMoKNlTrNQdjXTAyKJbfsLoBWSNX1rmse8jKlBBkag+JHfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVGJBtZ8uzp2hM6sMURgpW9Kghbo6kWKh9VQEtlNgM9a/vbn4l9dLTHjlp0zGiaGSLBeFCUcmQvPf0ZApSgyfWoKJYvZWRMZYYWJsQgUbwven6H/Svih7tXLlvlKq32Rx5OEETuEcPLiEOtxBA1pAYAKP8AwvTuw8Oa/O27I152Qzx/ADzvsXXg6Plw==</latexit>

Tf ! 1100ºC

even more simplified model: 1D

<latexit sha1_base64="NOsYg2e3BUiAp0j5DioxBgzEI9s=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRahXsqu1KrgoeDFYxX7Ie1SsmnahibZJckKZemv8OJBEa/+HG/+G9N2hSr6YODx3gwz84KIM21c99PJLC2vrK5l13Mbm1vbO/ndvYYOY0VonYQ8VK0Aa8qZpHXDDKetSFEsAk6bwehq6jcfqNIslHdmHFFf4IFkfUawsdL9sGiOO5yj226+4JbcGdACOXW9i4qHvFQpQIpaN//R6YUkFlQawrHWbc+NjJ9gZRjhdJLrxJpGmIzwgLYtlVhQ7SezgyfoyCo91A+VLWnQTF2cSLDQeiwC2ymwGerf3lT8y2vHpn/uJ0xGsaGSzBf1Y45MiKbfox5TlBg+tgQTxeytiAyxwsTYjHI2hO9P0f+kcVLyKqXyTblQvUzjyMIBHEIRPDiDKlxDDepAQMAjPMOLo5wn59V5m7dmnHRmH37Aef8Cy3+PwA==</latexit>

h(t) ! R

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

Ts

<latexit sha1_base64="WXRP8q/8D8UyI76xQQAStHrQLW0=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNftgvltyyOwdaIueud1X1kJcpJchQ7xc/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fuoUnVhlgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj0ynYEL4/Rf+T1lnZq5Yrd5VS7TqLIw9HcAyn4MEF1OAW6tAEAkN4hGd4cbjz5Lw6b4vWnJPNHMIPOO9fRVqNyg==</latexit>

Tf

<latexit sha1_base64="3fLhnzVYsWnxkDaBB7Krhvi25pg=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkoitSp4KHjxWMF+QBvKZrtplm42YXcilNC/4MWDIl79Q978N27aCFX0wcDjvRlm5nmx4Bps+9MqrKyurW8UN0tb2zu7e+X9g46OEkVZm0YiUj2PaCa4ZG3gIFgvVoyEnmBdb3KT+d0HpjSP5D1MY+aGZCy5zymBTAqqcDosV+yaPQdeIue2c9VwsJMrFZSjNSx/DEYRTUImgQqidd+xY3BTooBTwWalQaJZTOiEjFnfUElCpt10fusMnxhlhP1ImZKA5+ryREpCraehZzpDAoH+7WXiX14/Af/STbmME2CSLhb5icAQ4exxPOKKURBTQwhV3NyKaUAUoWDiKZkQvj/F/5POWc1p1Op39UrzOo+jiI7QMaoiB12gJrpFLdRGFAXoET2jFyu0nqxX623RWrDymUP0A9b7F4mHjeg=</latexit>

h(t)



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

Ts

<latexit sha1_base64="WXRP8q/8D8UyI76xQQAStHrQLW0=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNftgvltyyOwdaIueud1X1kJcpJchQ7xc/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fuoUnVhlgMJI2ZIGzdXliRQLrScisJ0Cm5H+7c3Ev7xuYsJLP2UyTgyVZLEoTDgyEZr9jQZMUWL4xBJMFLO3IjLCChNj0ynYEL4/Rf+T1lnZq5Yrd5VS7TqLIw9HcAyn4MEF1OAW6tAEAkN4hGd4cbjz5Lw6b4vWnJPNHMIPOO9fRVqNyg==</latexit>

Tf

<latexit sha1_base64="3fLhnzVYsWnxkDaBB7Krhvi25pg=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkoitSp4KHjxWMF+QBvKZrtplm42YXcilNC/4MWDIl79Q978N27aCFX0wcDjvRlm5nmx4Bps+9MqrKyurW8UN0tb2zu7e+X9g46OEkVZm0YiUj2PaCa4ZG3gIFgvVoyEnmBdb3KT+d0HpjSP5D1MY+aGZCy5zymBTAqqcDosV+yaPQdeIue2c9VwsJMrFZSjNSx/DEYRTUImgQqidd+xY3BTooBTwWalQaJZTOiEjFnfUElCpt10fusMnxhlhP1ImZKA5+ryREpCraehZzpDAoH+7WXiX14/Af/STbmME2CSLhb5icAQ4exxPOKKURBTQwhV3NyKaUAUoWDiKZkQvj/F/5POWc1p1Op39UrzOo+jiI7QMaoiB12gJrpFLdRGFAXoET2jFyu0nqxX623RWrDymUP0A9b7F4mHjeg=</latexit>

h(t) uniform T in the liquid <z no heat flux inside the liquid 

heat flux through the solid:

heat flux compensates latent heat:
<latexit sha1_base64="Dho7BdSr2fX/zLq5LKnP+VkRm30="></latexit>

! sL
dh
dt

= j T = " s
Tf ! Ts

h

<latexit sha1_base64="Mty51gRD/jkNGNfuN/1aHsFENq8=">AAACCXicdVDLSsNAFJ3UV62vqEs3g0VwY0mkVgWFghuXFdIHNCVMppN27CQZZiZCCdm68VfcuFDErX/gzr9x2kaoogcuHM65l3vv8TmjUlnWp1FYWFxaXimultbWNza3zO2dlowTgUkTxywWHR9JwmhEmooqRjpcEBT6jLT90dXEb98RIWkcOWrMSS9Eg4gGFCOlJc+Et54DL6E7QpwjT0I3EAinjhccOZ7M0mHmmWWrYk0B58iJZZ/XbGjnShnkaHjmh9uPcRKSSGGGpOzaFle9FAlFMSNZyU0k4QiP0IB0NY1QSGQvnX6SwQOt9GEQC12RglN1fiJFoZTj0NedIVJD+dubiH953UQFZ72URjxRJMKzRUHCoIrhJBbYp4JgxcaaICyovhXiIdJZKB1eSYfw/Sn8n7SOK3atUr2plusXeRxFsAf2wSGwwSmog2vQAE2AwT14BM/gxXgwnoxX423WWjDymV3wA8b7F6mBmbU=</latexit>

j T = ! s
Tf ! Ts

h

<latexit sha1_base64="kie/OHpaJsQFwQkCwvPLn3Gy1EE="></latexit>

h
dh
dt

=
! s

" sL
(Tf ! Ts)

<latexit sha1_base64="ArdQoVLqtqHN46L9h4ik6VcwPcc="></latexit>

h(t) =
!

2
! s

" sL
(Tf ! Ts) t

" 1/ 2

Numerical estimate:
<latexit sha1_base64="XlpbZgJVz9GRLbPtUTdmWPTO8qI=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWuut4MVjBbcttEvJptk2NMkuSVYoS3+DFw+KePUHefPfmLYrVNEHA4/3ZpiZFyacaeO6n05hbX1jc6u4XdrZ3ds/KB8etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyc3c7zxQpVks7800oYHAI8kiRrCxkj/uayYG5YpbdRdAK+TS9a7rHvJypQI5WoPyR38Yk1RQaQjHWvc8NzFBhpVhhNNZqZ9qmmAywSPas1RiQXWQLY6doTOrDFEUK1vSoIW6OpFhofVUhLZTYDPWv725+JfXS03UCDImk9RQSZaLopQjE6P552jIFCWGTy3BRDF7KyJjrDAxNp+SDeH7U/Q/aV9UvXq1dlerNBt5HEU4gVM4Bw+uoAm30AIfCDB4hGd4caTz5Lw6b8vWgpPPHMMPOO9fAuKOzg==</latexit>

h ! <latexit sha1_base64="MzbfQV95Dn9WClx6Ks5N5eU2K/M=">AAAB83icdVBNSwMxEJ2tX7V+VT16CRbBU9mVWuut4MVjBfsB3aVk02wbmuyGJCuUpX/DiwdFvPpnvPlvTNsVquiDgcd7M8zMCyVn2rjup1NYW9/Y3Cpul3Z29/YPyodHHZ2kitA2SXiieiHWlLOYtg0znPakoliEnHbDyc3c7z5QpVkS35uppIHAo5hFjGBjJd+fYCnxQPuaiUG54lbdBdAKuXS967qHvFypQI7WoPzhDxOSChobwrHWfc+VJsiwMoxwOiv5qaYSkwke0b6lMRZUB9ni5hk6s8oQRYmyFRu0UFcnMiy0norQdgpsxvq3Nxf/8vqpiRpBxmKZGhqT5aIo5cgkaB4AGjJFieFTSzBRzN6KyBgrTIyNqWRD+P4U/U86F1WvXq3d1SrNRh5HEU7gFM7Bgytowi20oA0EJDzCM7w4qfPkvDpvy9aCk88cww84719j/5Hn</latexit>! s ! <latexit sha1_base64="N3P4BmmSCP1wqmWfDVES+82Zz2U=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrfVW8OKxgv3A7lKyabYNzSZLkhXK0n/hxYMiXv033vw3pu0KVfTBwOO9GWbmhQln2rjup1NYWV1b3yhulra2d3b3yvsHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51wfD3zOw9UaSbFnZkkNIjxULCIEWysdO+rkexrX7O4X664VXcOtEQuXO+q5iEvVyqQo9kvf/gDSdKYCkM41rrnuYkJMqwMI5xOS36qaYLJGA9pz1KBY6qDbH7xFJ1YZYAiqWwJg+bq8kSGY60ncWg7Y2xG+rc3E//yeqmJ6kHGRJIaKshiUZRyZCSavY8GTFFi+MQSTBSztyIywgoTY0Mq2RC+P0X/k/ZZ1atVz2/PK416HkcRjuAYTsGDS2jADTShBQQEPMIzvDjaeXJenbdFa8HJZw7hB5z3L+jAkQ8=</latexit>! s !
<latexit sha1_base64="uahVEtXg2EmD1BIykxxCsCpe3yc=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrfVW8OLBQwW3LbRLyabZNjTJLklWKEt/gxcPinj1B3nz35i2K1TRBwOP92aYmRcmnGnjup9OYWV1bX2juFna2t7Z3SvvH7R0nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/H1zG8/UKVZLO/NJKGBwEPJIkawsZJ/29NM9MsVt+rOgZbIhetd1Tzk5UoFcjT75Y/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfO0UnVhmgKFa2pEFzdXkiw0LriQhtp8BmpH97M/Evr5uaqB5kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRvC96fof9I6q3q16vndeaVRz+MowhEcwyl4cAkNuIEm+ECAwSM8w4sjnSfn1XlbtBacfOYQfsB5/wLX846y</latexit>

L !
<latexit sha1_base64="+fMdSYW45xcJU69pLzzu+SOwm6E=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVttZbwYvHCv2CdinZNNuGJtklyQpl6Y/w4kERr/4eb/4b03aFKvpg4PHeDDPzgpgzbVz308ltbG5t7+R3C3v7B4dHxeOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Hbhdx+o0iySLTOLqS/wWLKQEWys1G0Nw4FmYlgsuWV3CbRGqq53U/OQlyklyNAcFj8Go4gkgkpDONa677mx8VOsDCOczguDRNMYkyke076lEguq/XR57hxdWGWEwkjZkgYt1fWJFAutZyKwnQKbif7tLcS/vH5iwrqfMhknhkqyWhQmHJkILX5HI6YoMXxmCSaK2VsRmWCFibEJFWwI35+i/0nnquzVypX7SqlRz+LIwxmcwyV4cA0NuIMmtIHAFB7hGV6c2HlyXp23VWvOyWZO4Qec9y9c2o+T</latexit>

Tf !
<latexit sha1_base64="Efgx+UC0Wf9KNVmeDCaPS7UG5m8=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVttZbwYvHCv2CdinZNNuGJtklyQpl6Y/w4kERr/4eb/4b03aFKvpg4PHeDDPzgpgzbVz308ltbG5t7+R3C3v7B4dHxeOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Hbhdx+o0iySLTOLqS/wWLKQEWys1G0N9UAzMSyW3LK7BFojVde7qXnIy5QSZGgOix+DUUQSQaUhHGvd99zY+ClWhhFO54VBommMyRSPad9SiQXVfro8d44urDJCYaRsSYOW6vpEioXWMxHYToHNRP/2FuJfXj8xYd1PmYwTQyVZLQoTjkyEFr+jEVOUGD6zBBPF7K2ITLDCxNiECjaE70/R/6RzVfZq5cp9pdSoZ3Hk4QzO4RI8uIYG3EET2kBgCo/wDC9O7Dw5r87bqjXnZDOn8APO+xdwwo+g</latexit>

Ts !35 km 2 W.m-1K-1 3.103 kg.m-3 4.105 J.kg-1 15ºC 1100ºC

<latexit sha1_base64="2aiNZ0VxVSRofyK5KiA/WD0kYjE=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAbBU5iRGOMt4MVjFLNAZgg9nZ6kSc9Cd40Sh+ivePGgiFf/w5t/YycZIYo+KHi8V0VVPS8WXIFlfRq5hcWl5ZX8amFtfWNzy9zeaaookZQ1aCQi2faIYoKHrAEcBGvHkpHAE6zlDc8nfuuGScWj8BpGMXMD0g+5zykBLXXNPeeK9wdApIxu7x0giaN40DWLVsmaAs+RE8s+q9jYzpQiylDvmh9OL6JJwEKggijVsa0Y3JRI4FSwccFJFIsJHZI+62gakoApN51eP8aHWulhP5K6QsBTdX4iJYFSo8DTnQGBgfrtTcS/vE4CftVNeRgnwEI6W+QnAkOEJ1HgHpeMghhpQqjk+lZMB0QSCjqwgg7h+1P8P2kel+xKqXxZLtaqWRx5tI8O0BGy0SmqoQtURw1E0R16RM/oxXgwnoxX423WmjOymV30A8b7F2p2ldY=</latexit>! ! " 10 million years … model too simple!


