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« Molecular simulation provides insight into contact line dynamics
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* Incompressible Navier Stokes with the thin-film approximation.
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« With boundary conditions
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« Contact line evolution is modelled by an empirical law
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1) Thompson and Robbins (1989)
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1) Thompson and Robbins (1989)
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Discrete molecules in continuous space
« Molecular position evolves continuously in time
 Position and velocity from acceleration

0\
Acceleration obtained from forces

» Governed by Newton’s law for an N-body system
 Point particles with pairwise interactions only

m;r; = F; = ifij D(r;) = 4e [(iyz - (4)6 ]
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Molecular Dynamics
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Two phase version closer to experimental reality

« Two fluid phases and sliding molecular walls T

+ Simple test case to explore wall velocity vs Cagranipun
contact line angle

Non-Equilibrium Steady State
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* Cluster-analysis—— « Finding the fluid-liquid interface
i -ﬁ Top angle = 137.56688755 and bottom angle = 143.633949187
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Distortion and Failure of Capillary

Bridges. Wetting Information Beyond Contact
IlI'IIIIIBI Brﬂakdown Angle Analysis Langmuir 29, 7776—7781
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Contact angles vs sliding velocity
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Time Evolution of Contact Angle

* Plot evolution of various contact angles as a function of time

e 180
6,:=5547 3 1o
AP ’
%1%8 W fi mﬂ"'MthWﬁ"WlW 1F W "W
)
; {006 100 1000 2000 3000 4000 5000 600D 7000
:i;;u: noiiru- wnali‘--“-----i ii i 81% 0 | | | | | |
i
» Probability density =010}
function of angle B 0.6
021 ‘
shows range of 8-8% 60 S0 100 120 0 160
micro-scale P

behaviour « Linear, Advancing and Receding angles



Imperial College
London

« Model the movement of the contact line as a torsional

$ ; F
§.o=5547 &
L
0, =53:66 _ £(1)
S -
string mass system + a random noise term
I04+TO+kO—E=T £(1)

 TorqueT = F x L approximately equal to wall sliding
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 In the limit overdamped limit we get the Langevin Equation

0+ =

k

1
= [0 — (6)] — TE() = 0 where (E()Z(1)

» Coefficients parameterised using

=Cé(t—1t'),

« Standard deviation - function of temperature but velocity independent
 Autocorrelation - roughly velocity and temperature independent.
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Resuits of the model
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* Incompressible Navier Stokes with the thin-film approximation.
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« With boundary conditions
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« Contact line evolution is modelled by an empirical law

dx

© =k{(0) —H,)"

—£ = k((0) — 6)

 Evolution of contact line includes molecular fluctuations
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Moving contact
angle can be
measured
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Summary

Molecular Dynamics (MD) is used to study the relationship
between contact angle and wall sliding speed

The mean contact angle and fluctuations are explored
A Langevin model is be used to reproduce key MD detall

Molecular detail can be incorporated into a CFD model
using the Langevin equation, tuned using MD.



