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Molecular Dynamics
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Molecular Dynamics goleet
Discrete molecules in continuous space o
» Molecular position evolves continuously in time é
 Position and velocity from acceleration «

Acceleration obtained from forces
» Governed by Newton'’s law for an N-body system
 Point particles with electrostatic interactions
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. Assumes continuous fields

9,
Epu—l—v-puu:V-H and p, A, ...

How do we get
continuum values
from the molecular
system?

. Discrete molecules

mm = Fz foralliin N
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Irving and Kirkwood (1930)

Mass of each

Continuum density molecule

field valid at any
point, r, in space

<m,,;5 (r =) ;f>

Delta function is
only non-zero if
molecule i’s
position r; is
exactly at r

Sum over all
molecules

Average over an
ensemble of

systems
L
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The Dirac delta
infinitely high,
infinitely thin peak.
Formally equivalent
to the continuum
differential
formulation
BUT
No molecule is ever
exactly at a point
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The Control Volume (Weak) Form

* The “weak formulation” expressed the equations in integrated
form

N

/Vp('r,t)dV—Zmi/ 5(r— 1) dV

i=1 4

* Integrating the Dirac delta function exactly provides a
combination of Heaviside functions

» Instantaneous description
» Direct link between macro and micro description

» Exactly conservative
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The Control Volume Functional

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

2t oyt ot

0= [ [ [ 6@ - 005w~ (i — 2)dodyd

LY

= [H(z" —a;) — H(a™ — ;)]

X [Hy™ —yi) —Hy™ — ys)]

X |H(z" —2z) —H(z~ — z)

In words

9 — 1 if molecule is inside volume
1 0 if molecule is outside volume
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(Method of Planes) London
Taking the derivative gives flux over the surface of the cube
oY, B
(9277;

Vector form defines six surfaces
dS; = idS,; + jdS,; + kdS.;

Or in words

dS;

00 if molecule on surface
0 otherwise
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* Pressure definition in a dense molecular system
 Kinetic part due to fluctuations
« Configurational part due to liquid structure

N | NN
11, = Z <micwicyidsiw> + 5 Z Z <fm'j""yz'jd5z'jx>

i=1 i=1 j#i
-~ - -~ _J/

Kinetic Configurational

Kinetic
theory part
Momentum due
to average of
molecules 4 s
crossing a plane T R4S

and returning cC;, =T; — U

Configurational
part

Q > G/o Inter-molecular
bonds act like the

stress in a
stretched spring
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Newton's Law of Viscosity
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» Shear flow 11, driven by
sliding walls

Ju Ur—"Ug
oy H

* Viscosity from stress
divided by strain

.
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Smith et al 2019 J. Chem. Phys 150, 064103
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« Heat flux is left over after counting all other terms

/QpEdV—I—f [pé’u + II-u }-dS:—qu-dS
v Ot S S

N—— S~ S——" N—-r
Unsteady Advection Stress Work Heat Flux
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Smith et al 2019 J. Chem. Phys 150, 064103
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* Heat flux J, driven by a
temperature difference

or T.—Ty
oy  H

» Coefficient from heat flux
divided by temperature
gradient

A =

J, Y
o1 /0y




University
London

Brunel ‘

« Qutputs of the simulation match experiments,
shown here for liquid Argon

10
9 X MD results X
8 = Temperature of 110.485 K
- Temperature of 124.769 K
— Temperature of 138.775 K
6 — Temperature of 140.132 K
]
4
3
X
X
2 X
1
L L L L ! L 0 ‘ ‘ ‘ _ _ _
0.7 08 09 1.0 1.1 12 13 14 3 0.4 05 0.6 0.7 0.8 0.9

density
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Control volume
operator

:/‘/5(7’—1“7;)(1‘/'

gets p and X
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Getting Quantities Near an Interface

Density in a cubic control volume

/Vp(r,t)dvg\[;mi/vé(r—m)dv

:Zmi -H(ﬂ'—xi)—H(x_—xi)] €
i=1 n Q
X W
X__HZ—i_— ' Z —Zi] o D
a
Assume a periodic domaininyand z ?30
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Getting Quantities Near an Interface London
. Density in a cubic control volume
N
/p(r,t)dV:Zmi/cS(r—ri)dV Of -
v 1=1 v ¢
N
=S ot - n) — (o ) c
1=1 d
Vi A
o) D
g
331') 'GO
. Top hat function selects molecules insid/ ©

a volume. Domain is therefore split into
uniform bins in x
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Resuilts forDensity - °
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0.0
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X

Smeared interface
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Cluster analysis Finding the fluid-liquid interface

Top angle = 137.56688755 and bottom angle = 143.633949187
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Intrinsic surface London
 Choose a function which can fit down to intermolecular
spacing
° e
(%
o
(z; — &(y,2))> + AC

g(ya Z) — Z a,uufu(x)fv(y)

° & /
Function of sines and cosines

Chacon & Tarazona (2003) PRL 91, 166103



Braga C. et al 2018 J. Chem. Phys 149, 044705
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Integral between moving intrinsic surfaces

2Tyt et 4E(y,2)
= | 5z — )6 (y — y2) 6 (= — =) dadydz
z Yy x

- ~+€(y.2)
— [H (3;'+ + g(y%,zz) — SU?,) —H ($_ + g(yuz’t) o ZEZ)]
x |H(y™ —y:) —H(y™ — yi)]

x | H(z" —z) —H(z~ — z)]

In words

9 — 1 if molecule is inside volume
1 0 if molecule is outside volume
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Assume a periodic domain in y and z with a surface which is equal at the
top and bottom (correct as sines and cosines)

Vi = [H (x+ + (Y, 2i) — 113@) - H (37_ + &(Wis 2i) — 33@)]

X [H(Z/+ —yr)— H(y~ — yz)
X |H(z" — zi)) =H{(z~ — z)
In words

9 — 1 if molecule is inside volume
1 0 if molecule is outside volume
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Assume a periodic domain in y and z with a surface which is equal at the
top and bottom (correct as sines and cosines)

Vi = [H (sr:+ + (Y, 2i) — IL‘@) - H (37_ + &(Wis 2i) — 33%)]

Yi
1,7' . Top hat functions (varying
: with y) select molecules
inside a volume.
CC,L;
In words

1 if molecule is inside volume
0 if molecule is outside volume
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Results for Density London
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Braga C. et al 2018 J. Chem. Phys 149, 044705
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. Stress in a control volume based on the intrinsic surface
N 1
~ C
/ II dV = Zfijrz—jf ds
1% w 0

de =1 H(z" +&(ys, 25) — 2)
—H(x™ +&(ys, 25) — x4)]

. Line of interaction split over every volume it passes
through (shown here by colour)

A
Volume = 3 —
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Braga C. et al 2018 J. Chem. Phys 149, 044705

Results for Stress

1.0 |

-6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0
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NB. II=P



Results for Surface Tension
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Results for Surface Tension

Fixed Surface

~/—

Intrinsic Surface

Tension defined
by less than

—> 1nm of
surface

26 _ ~
§:/ |y = Tiy | da
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« Surface tension matched to results for liquid Argon using both
Intrinsic surface and flat surface

1.6

1.4 « Kirkwood Buff to

1.2| get surface

1.0 tension from

0l normal and

06l tangential

stresses

0.4

0.2| v

0.0 ’y:/ [HN—HT]dZU
. — 0

ne

05 06 07 08 00 1.0 11 12 13 14
T
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Control volume for intrinsic surface

V= / §(r—mr;)dV Volume moving with fitted
Vi(t) “’v = spectral surface to
gets II,J, and molecular spacing

Control volume
operator

19=/V5(r—r7;)d1/l

II,J,,and N

gets
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Goupled Droplet Spreading and MD London
1.0
0.8
. V-0
0.4
0.2
0.0 ; ] -
. . e

—0.01736 —0.00531 0.()6674 0.01879 0.03083
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» Model the S
moving contact 5 LT
line with MD :
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continuum 2, AR |
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« Two fluid phases and sliding molecular walls T

e Simple test case to explore wall velocity vs i
contact line angle | [

Non-Equilibrium Steady State
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Smith et al 2016 Soft Matter, 12, 48

Time Evolution of Contact Angle
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Fit (simple) surface to cluster and get contact angle evolution
as functlon of time l l .

'—'L
O
=

=547 q;.l%% ;L,f::‘m\"w M\“' N"HWWMWM[W 1, H I‘wr ‘u‘
30| -
Y1000 2000 3000 2000 5000 6000 70
L 014!
- Probability density gﬁéé
function of angle ~0:061
shows range of %%‘% -
micro-scale Wo—30 0 =0 100 120 10 T
behaviour 0

« Linear, Advancing and Receding angles
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Model the movement of the contact line as a torsional

string mass system + a random noise term

Seststeses

6, °=5547 3

----i- SLLLLX

I0+TO0+kO—=T

ill II,

%
3%

F

 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 — ()] — TE() = 0 where (§()Z(1)

» Coefficients parameterised using

=Co(t—1t'),

« Standard deviation - function of temperature velocity independent
 Autocorrelation - roughly velocity and temperature independent.

25—

® s —— O
L]

A

T

065 0.70 0.75 080 0.85 000 0.95

1.0

N
0.8r
0.6
0.4F
0.2r
0.0¢




Smith et al 2016 Soft Matter, 12, 48
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1.0 , , , :
0.8 B== Fulerian

0.6 *\\\

0.4 %\
0-2

0.0 = - ‘

0 | 2 3

1

D

« Speed of contact line obtained from a Langevin model

tuned by the molecular PDF

o't! :e’—k%” (6" —(8)] +&

Evolution of the mean /

governed by
macroscopic laws
(Tanners, MKT, Cox)

VCAr

)

L

Random term
tuned to match
MD contact line
fluctuation and
autocorrelation
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Control volume for intrinsic surface

V= / §(r—mr;)dV Volume moving with fitted
Vi(t) “’v = spectral surface to
gets II,J, and molecular spacing

Langevin equation for

Control volume
contact angle

operator 6%,
9 / 5(r—ri)d Ty
— T —7T; /
1% Z VI .@\/&f\
gets II,J,,uand X TSV



Brunel

|

) Universit
Overview London
" . Intrinsic Surface Analysu’s’ ’
Viscosity &
Heat Fqu
.\ 19 ds
0\'




University

Brunel ‘
London

vy,

;
-
12
L

[TH11]/7




Brunel
University
Coupled CFD-MD Simulation London
e Control Volume Solver
2/ udV——jg uu - dS —}(H-ds
ot Jv g a Sp 5 CED
CFD—-MD
. o doaloocl aalool ool
m;r; = Fq, + F’L 1 & Cell Boundary & ."’...;:1- ) ,.~‘
COnd |t|0n N A B T A e Aty Rt L Yt
Buffer
uBC = Z v; MD-CFD TR
iccell ~ Boundary S
 Discrete molecules condition ‘ : o
m;7; = F; for all i in N :: ; H :

ee0ee 45
O’Connell Thompson (1995), Hadjiconstantinou (1998), Flekkoy (2000), Nie et al (2004).
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Rough wall shifts

[T

zero location .

W e
SRR
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CFD 30F |1
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location >
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CPL LIBRARY

LAMMPS va.cpl-libraer E E E OpenVFOAM

™ libcpl.d0
CPLinit(COMM; realm)
CPL_ ology)
CPL_recuty; Py GPLSENI (U, P)
i . Software
@‘ Sustainability
siadissssaieiias R Institute
CPL_senti¢f;ia): i : CPLETEEV(F, €)

. @ Travis CI
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summary

Control volume for intrinsic surface

V= / §(r—mr;)dV Volume moving with fitted
Vi(t) “’v = spectral surface to
gets II,J, and molecular spacing

Langevin equation for

Control volume
contact angle

operator 6%,
9 / 5(r—ri)d Ty
— T —7T; /
1% Z VI .@\/&f\
gets II,J,,uand X TSV



