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Outline of the talk

Introduction: Wetting and Spreading phenomena
-  Model: modified Ising lattice gas
- How we perform our kKMC simulations

Geometry of the system

Numerical results
- Conclusions



Wetting phenomena
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Spreading phenomena

Ambient Microscopic region

H. Tanner, The spreading of silicone oil drops on horizontal surfaces, J. Phys. D 12, 1473 (1979)
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Spreading phenomena

Macroscopic Spreading
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Spreading phenomena

Macroscopic Spreading Thin Film Spreading

Ambient Microscopic region
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Tanner's Law
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Model: microscopic driven Ising lattice gas

_—JZn t)—AZn(Zr;t)

(r,s)

D. B. Abraham, R. Cuerno, and E. Moro, Microscopic Model for Thin Film Spreading, Phys. Rev. Lett. 88, 206101, 2002.



Model: microscopic driven Ising lattice gas

_—JZn t)—AZn(Zr;t)

<rs

J

Y

Nearest neighbors interaction

D. B. Abraham, R. Cuerno, and E. Moro, Microscopic Model for Thin Film Spreading, Phys. Rev. Lett. 88, 206101, 2002.



Model: microscopic driven Ising lattice gas
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D. B. Abraham, R. Cuerno, and E. Moro, Microscopic Model for Thin Film Spreading, Phys. Rev. Lett. 88, 206101, 2002.



Model: microscopic driven Ising lattice gas
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D. B. Abraham, R. Cuerno, and E. Moro, Microscopic Model for Thin Film Spreading, Phys. Rev. Lett. 88, 206101, 2002.



kMC simulation details

/
/

] Precursorlayer

Two overlapping 2D lattices Lx X Ly 5
Supernatant layer

Kawasaki local dynamics:
(spin exchange dynamics as in the COP Ising Model)
COP Ising: constant Magnetization — constant Number Particles. Growth?

- Continuous time. We fix the number of exchanges performed:
We do not reject exchanges



Droplet reservoir

- Reservoir: represents the macroscopic droplet that feeds the film growth

- Boundary condition:
* Inifially the only cells that are filled in our system
* Cells that are always filled:
* If any exchange leads to a vacancy
in the reservoir they are automatically refiled £

Ambient Microscopic region

- Necessary for the system to grow as the dynamics only exchanges cells.



Geometry: layers and fronts
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Geometry: layers and fronts
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Measuring the fronts: clustering method
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Monte Carlo simulations:
3 Parameters, only 2
independent

AlkgT — J/kgT

Instituto de Computacion
Cientifica Avanzada UEx
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Evolution of the
system.
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Kinetic roughnening. Universality classes.
KPZ growth equation

Family-Vicsek (FV)  —
scaling law type W~ tﬁ for t < L;
w(Lyg,t) =t7f (t/L3) — o 2

~——

A.-L. Barabdsi and H. E. Stanley, Fractal Concepts in Surface Growth (Cambridge University Press, Cambridge, UK, 1995).

Halpin-Healy and Y.-C. Zhang, Kinetic roughening phenomena, stochastic growth, directed polymers and all that.
Aspects of multidisciplinary statistical mechanics, Physics Reports 254, 215(1995)
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Front growth

Band geometry: Radial geometry:
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Sub-diffusive growth
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Width of the front: growth exponent
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Dynamic and roughness exponents

T =3 A=10 i 1/z
L T—1 A=3 Efﬁf g(t) ~ t
—1/z=1/3
~ 10 Iy
| }H}ﬁ By 60
| 50
S 40 -
; O
20 -
plateau 2
02 (t) ~ 5(75)




Exponent comparasion
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Histogram fluctuations

KPZ-like fluctuations
without KPZ
exponentsll!

TW — GOE

_ R e,
p S
- e . -- TW — GUE
3{ \S"S&_
0‘, *
7 %, --- Gaussian
L o et
5 D
o N
K [/ *_g‘:‘?:ml.rm~ . N
Sl N =\
L / \é~ + TN
L S 7°, N v
Y4 P N e + TN
E Sy 7 . Nty =\
L T} 7 )’ S TN
L) ks LR LAY
::EFF; 7. L IR TN
L JJ ? ’ ? [N = N
/) 4 r' \-’-‘ “ b2 \
E= 1 ol N = \
v M Y N
) % =N
LI 1‘1-@: \
I
, “‘ =
| | \ 1N \




Conclusions
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Conclusions

 The model correctly describes the exponent § of the precursor film in the band

geometry but predicts sub-diffusive growth in the radial geometry.
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Conclusions

 The model correctly describes the exponent § of the precursor film in the band
geometry but predicts sub-diffusive growth in the radial geometry.

« Both geometries present a transition between a high temperature regime and a
low temperature regime, although the exact critical exponent values differ.

* The front fluctuations follows the same PDF as in the KPZ universality class,

although the exponents are not KPZ.
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geometry but predicts sub-diffusive growth in the radial geometry.
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Outlook -

« Change dynamics (energy barrierse)

—
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Supplementary material:
Macroscopic spreading laws.

TABLE II. The scaling exponents n, with R ", corresponding
to different balances in droplet spreading in two and three
dimensions. Driving forces are gravity (gr.) or surface tension
(s.t.), dissipation occurs either at the contact line (c.l.), or in the
bulk (vis.). Listed are also experimental papers frequently cited
in support of a given scaling law.

Balance n, theory Experiment
3D, s.t.-c.l. 1/10 Cazabat and Cohen-Stuart, 1986
2D, s.t.-c.l. 1/7 McHale et al., 1995
3D, gr.-c.l. 1/7 Ehrhard, 1993
2D, gr.-c.l. 1/4 None
3D, gr.-vis. 1/8 Huppert, 1982b
3D, gr.-vis. 1/8 Cazabat and Cohen-Stuart, 1986
(pancake)
2D, gr.-vis. 1/5 None

D. Bonn, J. Eggers, J. Indekeu, J. Meunier, and E. Rolley, Wefting and Spreading, Rev. Mod. Phys. 81, 739 (2009)



Supplementary material:
kMC simulation details

- Acceptance rate for the y — v transition. (Metropolis)
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Supplementary material: alternative way
of measuring the fronts. Closing the gaps
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Supplementary material: KPZ and EW

Kardar-Parisi-Zhang (KPZ) ?3? (x,t) = vV?h (x,t) + ; (Vh)2 (x,t) +n(x,t)
Edwards-Wilkinson (EW) A=0
2 d 2 d (a) (b) (c)
o = ;, = ;, z = 2.
2 B 4
a=1/2, §=1/3, z=3/2.
forget noise & EW implies
relaxation effects uniform translation

for one moment..,

KPZ stresses
lateral growth



Supplementary material: measuring
correlations using the arc-length
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Supplementary material: Emergence of

anomalous scaling. Details

Co(5.1) ~ §20c 10

Ca(s, t) = s"g(s /(1))

g(u) ~ u=2(@=%0c) for ¢y < 1

Co(s, t)/szo‘

g(u) ~u % foru > 1

o' =a — a

h%.

P

a0 100 150

.'_-’! ,,,,,,
iy,
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0.1
Xloc — (X FVscaling type

Xloc # (X  Anomalous scaling

s/&(1)



Supplementary material: average of shapes
at low temperature
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Supplementary material: Anomolous
scaling at low temperature. Data collapse

Co(s,t)/s*

0.1
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Supplementary material: fluctuations
histograms at low temperature
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