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Overview

A An introduction to Molecular Dynamics (MD)
A The moving contact line

A The liquid-vapour interface - a Lagrangian
reference frame

A Some applications
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Molecular Dynamics

ASolving just Newtonds | aw
AEnergy is automatically conserved A total = kinetic + potential

Potential

)
dt

APressure, viscosity, heat flux and surface tension do not need to
be specified and, are in fact, all outputs of the simulation

APhase change (evaporation, condensation) occur with no
additional models needed

A Solid constructed with molecular roughness
ACan model complex molecules, water, polymers, biomolecules
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Molecular Dynamics

Discrete molecules in continuous space
AMolecular position evolves continuously in time

AAccel erationYVel ocityO;Q ‘L/t/viQn

r; — 1; — ri(t) o/i\

Acceleration obtained from forces
AGoverned by Newt-batydsgstelmaw f or an
APairwise electrostatics interactions from quantum mechanics



University
London

Brunel ‘

MD Computing

A Force Calculation

A All pairs simulation uses local cell and neighbour lists to reduce
the N2 calculation to order N

v KV e
RO <N = |
o Z/AN K \ /. J .
® @ ® ° T a e L o L
A Move particles (leapfrog in time)
m, d’UZ‘ ~m, ’Uz’(t -+ At/2) — ’Ui(t — At/2) _ FZ
dt At
d’l"i N T@(t + At) — T‘Z'(t)
dt At
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NonrEquilibrium Molecular Dynamics

A Non-Equilibrium Molecular Dynamics (NEMD) is the study of
cases beyond thermodynamic equilibrium, with:

ATemperature gradients
AFlow of fluid (e.g. Couette or Poiseuille flow)
A Essentially fluid dynamics - temperature gradients and flows

AThermostats (e.g. Nosé Hoover)  m;i; = F; + Frt™ — pmye;
remove heat from system
emove heat y w_ [T 3]

ASolids of molecules with (an)harmonic

springs linking them to tether site
ASliding walls by moving molecules %

AMany techniqgues éﬁ
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Wall Bounded Flow
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L /ﬂ Average behaviour
e /Z// reproduces
- 3 ; hydrodynamics
Liguid 3 /A/ (coloured by
structure , velocity)
causes 1= L
Viscosity
H ~ 9nm

Reynolds ber
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Wall Bounded Flow
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Reynolds Number

Re ~ 400
with

300 million

molecules
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Minimal channel Couette
flow
L ~ 523nm
<€ >
A
H ~ 190nm
> 7

W =~ 359nm

Reynolds Number

Re ~ 400
with

300 million

molecules
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Minimal channel Couette
flow

Reynolds Number

Re ~ 400
with

300 million

molecules

Isosurfaces of turbulent kinetic
energy coloured by velocity
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Reynolds Number

Re ~ 400
with

300 million

molecules

Isosurfaces of turbulent kinetic
energy coloured by velocity
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Viscosity

A Good agreement with experiments
3.0
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Work with Billy Todd and Peter Daivis
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Heat Conduction

A Good agreement with experiments
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Liquid
structure

causes
VISCOSity

Stick -slip
near walls

Molecules

of arbitrary

complexity

Oil, water and textured surface

17



Molecular Dynamic® Shocks and MuHlPhase

Shckwave . Droplet Formation
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Results for Surface Tension

A Good agreement with experiments

1.6
T 1.4¢
7:/ Oy —1IIr]dz 19}
— 0
> 1.0t
%S 0%0030%?%3’5?‘5“300883%%’%{0 o o, C 0.6l
Integrate 0'4
over '
L' } d 0.2}
Iqul 0ol
Vapour I
interface(s) %.5 06 0.7 08 09 10 1.1 12 13 14
T
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Surface Wettability

ADepends entirely on the fdwet
surface and fluid, tuned using:
AMixing rules, e.g. Lorentz-Berthelot €5 = /€€
ABottom up simulation e.g. quantum mechanics
ATop down e.g. to get desired contact angle

180

L)

100} .
80}
60}
A0
20}

12 6 160}  hydrophobic
o o
Cb(rij) = 4deys — — |\ — 140p —=—_
Tig T'ij 1200 "

8.0 0.2 0.4 0.6 0.8 1.0
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MD Simulation of Droplets

A Low Wettability

A Intermediate Wettability

A High Wettability
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Work with Omar Matar, Erich Muller and Richard Craster
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Work with Omar Matar, Erich Muller and Richard Craster
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Dynamic Contact Line London
]..O T T ! ' T T T T T T
0.8 B Eulerian agrangian
Y 0.6 \\‘ ' o g N
0.2
().0E —— — ' :
0 1 2 5 71
A Model the
moving contact = x 3 o
line with MD < Lagrangian
A We want contact e, '
line speed as a
function of
continuum Le o 4
contact angle dx e e i £t e 2 e AR S
J © dmmiicnE R

dt




Work with Omar Matar, Erich Muller and Richard Craster
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Dynamic Contact Line London
A Two fluid phases and sliding molecular walls T
Lagrangian

A Wall velocity vs contact line angle

A MD captures the sliding contact line but we
need to work out how to interpret it
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L. Wang and T. J. McCarthy,
Langmuir, 2013, 29, 7776 28
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Cluster Analysis to identify the Least Square fitting to outer
liquid droplets molecules, linear example here
8 . . : , : : : : Top angle = 13'7.5668‘8755 apd bot’tom aqgle = 1|43.63§949187
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A Cubic Fit to the Interface
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Sliding Solid walls (tethered)



Angle vs. Velocity
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Time Evolution of Contact Angle

A Linear and Cubic Fitting angles fluctuates over time

A Steady state so
we can take the
probability 2008000 16000 16200 16400 0.00 0.15
density function t P(0)
of angle

A Linear, Advancing and Receding angles
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Building this into the Continuum Model
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A Langevin Equation uses random noise to model this

6 +

k
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A Coefficients parameterised using

A Standard deviation i range of fluctuations

AAutocorrelation i how quickly they decay.
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A Bulk dynamics
from a law like
Tanners or Cox

A Addin

fluctuations from
the MD using the
Langevin model
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The Intrinsic Interface
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Cluster Analysis to identify the Least Square fitting to outer
liquid droplets molecules
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The Intrinsic Interface

A The Intrinsic Interface method
A Surface fitted by least squares

E= ) G0 T x> G(t)u(y)éu(2),

k<k, k<k,

A Sum of sines and cosines
down to intermolecular spacing

() = {

cos (2mab) if a >0
sin (2mw|alb) otherwise,

Chacon & Tarazona (2003) PRL 91, 166103  u R
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The Intrinsic Interface

A The Intrinsic Interface method
Surface fitted by least squares

® A Sum of sines and cosines
down to intermolecular spacing
Fitting occurs in stages
> Fit to an outer set using a grid
eole

(e.g.3 by 3)
AR
("] 0:

. %gm

> Order molecules based on
distance from surface

> Add nearest

> Repeat until surface density
Chacon & Tarazona (2003) PRL 91, 166103 reaches target value (~0.7)

§
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The Intrinsic Interface
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Tensor product surfaceé ~ Y  &(t)éu(y)éu(2),
k<k.,
Ea(b) = cos (2wab) if a >0
] sin(27|alb) otherwise,
B 0s 50| o -
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a) Cluster b) Fit outer c) Refit closest
analysis molecules molecules
d) Intrinsic e) Create f) Bilinear
interface layers grid conversion
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A Momentum in a cell

N

pu = % > (miv;)

i=1
A Temperature in a cell

1 <,

1" = 3—NZ<UZ>

1=1
43
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Irving and Kirkwood (1950)
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The Control Volume Functional
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AThe Control volume functional is the formal integral of the Dirac delta
functional in 3 dimensions (3D top hat or box car function)

0= [ [ [ 6@ - 005w~ (i — 2)dodyd

x |H(z

Aln words

(1
={}

—z) — H(z~ — z)]

if molecule is inside volume
if molecule is outside volume
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Density
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The Control volume functional is the formal integral of the Dirac delta
functional in 3 dimensions (3D top hat or box car function)

2T+ (y,2 t)
Vi _/ / / 0(x—x;)0(y—yi) 0 (z — z;) dedydz

+£~ (y,2,1)
= [H(a:++f+—a:i) —H(a:_—l—f_ —:cz)]
< [H(y" —yi)) —H(y~ — vi)

X |H(z" —2z) —H(z~ — z)

In words

1 if molecule is inside the moving volume
V= : . . :
0 if molecule is outside the moving volume
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The Intrinsic Interface
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Pressure (Stress)

A We need pressure to understand the surface
AUsing Cauchyds origi n%l definitdi
AlIn two dimensions the tensor is then,
Ty 1L,

I1 II {
II = Tx Ty ] n, n
[ ]‘_‘[’933 Hy’y o

A Where pressure in molecular systems include kinetic and configurational

[T

ey

N

N N
f II,,-dS, = Z <mwm’0mdsm> + % Z Z <fa:zgdsmj>
S i=1 ji

1=1
~ /
v’ N

Kinetic Conﬁgurat ional
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Pressure (Stress)

A We need pressure to understand the surface
AUsing Cauchyods origi nahl definitdi

Aln two dimensions the tensor is then,
11

ey

ny 1L,

I, I, ] - 4_’H
H’UCU Hyy i

Configurational

part

Inter-molecular

bonds act like the

molecules stress in a

crossing a plane e 5l stretched spring
and returning 51

Kinetic
theory part

Momentum due
to average of
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Derivative for Fluxes and Stresses

ATaking the Derivative of the CV function
0v;
- = [0(aT — z) — (T — )]

_8:1:,5 B
H(y" —vyi) —Hy™ — i)
[H(z+ —z;) — H(z7 — zz)}

dS;, =
X
X
AVector form defines six surfaces

AOr in words



