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Today’s talk:

Part 1)
Liquid- Gas :
Spreading & Evaporation

Part2)
Liquid-solid with inhomogeneous T
Latent heat is crucial in these examples

Phase changes in inhomogeneous T are
still unsolved . Usual GL theory is inapplicable.



Partl: Gas-Liguid in one-component fluids:

n: number density, e: internal energy density

enwopy S = [ drfns(n, ¢) — C|Vn|?/2]

regular (bulk) gradient
Internal energy E — / dre
Internal energy 2
density € = e + K|Vn|®/2

regular (bulk) gradient
Definition of T: ]_/T — (58/(56

at fixed n valid for inhomogeneous T



van der Waals  (vg, € = const)

s = kBIn[(e/n+evon)d/2(1/von— 1)]+4 const.

e = dnkgT/2 — evgn?
p=nkgT /(1 —vgn) — evon

Stress tensor for K=0
I_Iij — p(sij — CT[?’LVQTL + (Vn)2/2]5@'j
—|—CTVZ'7’LV]‘7’L — Oij

reversible stress + viscous stress (7,¢)
Korteweg stress (1901)



,

P = —V(pv), (p = mn)

,

ot
,

Z e = _V . M-
pvil) (er +M-)v

+VAVT — pgvs, (ep = €+ p'v2/2)

Stress IT contains gradient terms

v-V)v=-V_- TIl-—pge.

p(



Entropy production >0 if no heat from outside.
We require

—5 — /dr—[v AVT + Z% V,v,]

Gradient terms are automatlcally determined



2D simulations (Onuki PRE 2004)
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2-4. Wall is covered by gas.
Latent heat transport is suppressed

Large gradient in aas film
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8-1. Boiling: gravity applied, Tt/Tc=0.77,
Tb/Tc 1s changed from 0.94 to 1 at t=34000

et 2

t=34600 t=35100 1=35230

A bow

t=66300 t=71000 t=74100




= Simulation: axysymmetric (3D) 600 x 600
Teshigawara &Onuki PRE2011

axis

ceiling
H

vapor

e temperature liquid

Bottom of the substrate : given constant
Ceiling : given constant
Side wall : insulating

« density

Boundary condition on number density

llem opis

0 r L

S“bStr?ite T=Tw :wall bottom z= -Hw

ooz ) =-2/CT(0,r) | Thermal diffusion equation

= in solid
dn
sidewall @[ _, ~ " Cw@ = X, VT,
) f%

celling  ar| _, thermal conductivity ratio: A = A/ (nughy)


プレゼンター
プレゼンテーションのノート
Here I will explain the setting of our simulation.

We consider a cylindrical container  in three dimensions. 
The geometry is axisymmetric. 

This figure shows the right half of the cross section of the cylinder.
The black region represents liquid phase and white one gas phase. 

We fix temperature of the bottom of the substrate and that of the ceiling.
They are given constants.
 The side wall is thermally insulating.

In the solid substrate temperature obeys the thermal diffusion 
 equation. 
Thus the substrate has a finite thermal conductivity.

These conditions are the boundary condition on number density.
These conditions determine the wettability. 

And our system size is on the nanometer scale 
 if the thickness of the interface is on the angstrom scale.

And we assume no gravity.


a) Precursor film formation
In complete wetting

Plate temperature Tw was not higher than
initial liquid temperature

Complete wetting case

Fast growth of precurser Precursor film

film due to evaporation and condensation

Large wetting parameter ®, = Precursor film extension




Time evolution =500 =1000 t=2000
Nh = 52.5
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Film thickness = constant. Film expands mainly due to
condensation (or flow from the droplet body is smaller).



Condensation occurs for cooled wall

re (t) : edge radius Ni (1) :particle number in liquid
1 4
S
5 =
0.8 = .
— a
~ ! N
% 0.6 =
2-
0.4}  Ty<To
Tw=To
02k . . ]
0 2 4 6 8
107t

T0=0.875Tc, Tw=0.870 Tc



A hot spot appears due to condensation at edge on a cooled wall
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Substrate temperature is inhomogeneous



Bird view of temperature around hot spot




Local evaporation rate J=n (v int —=v). normal vector
15

(a) — A=0.2 (b)
(b) ------ A=0.002

10 |

Droplet body |
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J>0: condensation, J <0: evaporation
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J: TAsJ — v - [()\VT)gaS — ()\VT)“q] — O,

Evaporation rates
(Ne )
All surface Wigr = 27T/ drrJ/sin .
O

Near contact line re
con = 27rf drrJ/sin 6.
T

cC—Tw

25

Long tirf¥

40

short time

20 1 J:mass flux through interface

W tot ro = 2xinterface width

15 |

On long times
evaporation occurs only
at contact line

20



Leidenfrost effect: droplet o, wall T/c i changed
detachment by strong heating from 0.8751t0 0.975

No gravity

Gas pushes
liquid droplet

ﬁ

Thin vapor layer formed





Part 2) solid-liquid (one-component)
anisotropic strains e: & €3
¢: Phasefield Tafae & Onuki, Pre (2011)
emtropy density : 8 = S{p,e,¢) — §C|V¢5|2

energy density : ey = e + p|v|?/2 + G(p)(es + €3)/2

es:elongational strain, es:shear strain, Here linear elasticity
G = Ggd?:shear modulus

Expand & up to second order at a reference state:

oe — pgdp . ¢
5 = Sgek — O —— . . v
DE To 2 2T K Y (#)

We introduce two field variables

r = (e — Bodp)/ToCY% — a16(d)
¢ = 0p/poe— a28(P)

W) = JAB (1 — 8)%,  6(3) = 4*(3 — 24)



Hydrodynamics + elasticity+ phase transition 2D

Phase-field hydrodynamics for solid-liquid:
Jp

a = —V - (J.O'U):,
_.H..
% = —V - (pvv+ 11 — ?),
7 s
;f = V. [prot (0l — &) cv.— NV
7,
EEQ = —v - Ves + Vavs — Vv
3,

EES et W-Eg —|— Vmﬂy _l_ Vy?—*’m-



Examplel) “Ice on a hot plate”

© LI IIIINNM ©
ao L TITIINNN G [[ e ,
O,..\\\\J/N////, [ N PN
0,,,,.\\\«/NN“//, 0x<1;, Cy e =N
= TN / QY
A N NN L N o N T T =
A INNNN NN T \ | E NN A
NN n.--... \~‘;¢u:
~ N NN AN N , vt
‘-..I-, ,/,v\. RN .-_AI-<\ \w«\ \\\\\\\\ f
, ot S ) N RV A4S fot
“\\,,.,, ,.kzl\\ (((((((((( 7
BRSNS Ny @400
N , ///4\\ bbbbbbbbbbb
R A T . ~ -~ -~
o Yy @ e e e S e e e e e e e e .
- IS0 \
P b e e e
o \\\\\\Hlv/”///,k o, , \\\ié!//r////,‘
= IIIIITNNN [ e
O e ZXNNNM O I
N SN\
A A VAV A S 0,,44‘\\xK
o /// /////’
5A.‘*“\\«//, / 6,/,,,,\ SN\
,,,,,ﬁ».,\\ /’ 3/////./ \\\,//
| N U S -\\,<< SNNNNNN L ,,/)7
- ,/////\‘.‘ . _— //////f\\ . 5
I S T B , RN N U -
AR AaUUNNEEEE |
AN /,,4\, o
\\\\ ....... .s\ vvvvvvvvv
- ...+ \‘\ ,,,,,, .
NN & N S .
Y e -
[ e e e
««««« / -
O Sttt s o o
N T T N - v
<~ N nN N N N e e e - NN [ S S S oy
O(!/////!Ob!fd/ \ 0///,,, Vg
= SRR \ N I = N
0 fff////f\\\u\tu/ 0 N NN YRR
2 SN~ 5 r//////f\\\\\\ﬂ 7
- — NN N~ i - ~ N NN N NN - . )
__ fo///f\\\ T » __ f/////f\sN.\\\,
- -~ N NN S -+~ >~ N NN N +
\\\\o/,*\,, \\\\\ NNy or D D DL \
PR ‘/v\ \\\\\ ,*‘ 444444444 t
S . A EEE \
R , -y \
NN , PN A 1
N .« - - -/ t
« - o - ~ - - S *
))))) t G 4
o -~ " NN N N
B T T N T N

B N RN SES ~

,
[ o I ~ A

N NN N e
I CIIIIIII
N \ S

——_ = N NN s

P

TS
NN
TT N

- = NN
\\\\\/,V\ ,,,,,,,, »

, ot
Y o
RN }
NN
ROy S
///// /
,,,,, .

a, = -0.2

soli

—0.008 £ / t,

d> = 0.2

soli

— 0.008 £/ 1,

plig<  psolid

Plsolid >  Plig

iIncoming flow

outgoing flow



Temperature around heated Ice

Blue: solid, red: liquid

08 07 06 o0& 08 07 06 o5 Y/H
solid: a>, = 0.2
attached to wall detached from wall

Latent heat cools the liquid region
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Example2 )lce cube In
warm liquid in shear flow

Latent heat due to melting cools liquid

Shear flow accelerates melting
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Generalization to account for plasticity

Nonlinear elasticity(periodic in es and e3)

€5 = Viallly — Ygllys G47= oty F Vol
elastic energy= K(V - w)?/2 + G(¢)P(esz, e3)

1
P —
G772

{3 — cos(2mes) — cos(2mey ) — COS(Q’?TE?)}

(ex = (V/3es + e3)/2)
(invariant with respect to +7/6 rotations)

For small es and es, linear elasticit

= (e + e3)/2

Jumps among multiple minima
Induce dislocations




Dislocations
Induce slip.

05 06
—= 02 E/tq

Compressed crystal rod
undergoes plastic deformation
and subsequent melting

Velocity V
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Elastic energy density and temperature around
plastically deformed region (botom)
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Viscous heating

Latent heat cooling upon melting



summary.

o

1. Two-phase‘dynamics with evapum

and CoNTlen St O

2. Wetting dynamics: evaporation,
spreading,....

3 Solid-liquid with elasticity in flow

Many important problems in fu
In real systems: multi-component fluids !

Boiling (water+air), Marangoni convection
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