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Overview

A Coupling
A Computational Fluid Dynamics (CFD)
AMolecular Dynamics (MD)

A Developing a Coupling Framework

A Control Volume Functional
A Constrained Dynamics
ALink to NEMD

A Coupled Simulations
A Software Development

AResults
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Computational Fluid Dynamics
Molecular Dynamics
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Coupled Simulation

d

AAssumes a continuous field

0
Epu—I—V-puu:V-H CFD

ADiscrete molecules

mm = Fz foralliin N
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Computational Fluid Dynamics

A Assumed continuous at every point in space
AMass Conservation

dp
a——vopu

0
— . _ oH
57" +V - puu=V

AEnergy Conservation

O Direct Numerical Simulation of

a‘g(ﬁ'dv = -V - [pgfu, +II-u+ q] Turbulent Couette Flow
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Computational Fluid Dynamics

A Taking Momentum Balance and approximating II

s,
apfu,—|—V-p’u,'u, = -V II II = PI — uVu
A Gives the Navier-Stokes Equation

0
apu +V - puu = —VP + puViu

Viscosity Coefficient

A Beyond simple flow we need further models

AMulti-phase interface tracking, phase change, flow of energy,
chemical species tracking and reactions, shock waves, slip models
near boundaries, etc

AEach brings in more empirical coefficients
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A The Navier-Stokes Equation
%pu%—V-puu = -V II II1 =PI — uVu
A Finite Difference Method
o 0 o

Qui Uiyl — Uj—1

or 2A 1
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A The Navier-Stokes Equation
%pu%—V-puu = —V.II II = PI — uVu
A Finite Difference Method
o o o

Qui Uiyl — Uj—1

or 2Ax
A Finite Volume Method

g/pudV:—j{puu-dS —%H-ds
ot Jy S s

A Other methods: finite element, spectral methods, smooth
particle hydrodynamics, I

a t

|
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A The Navier-Stokes Equation
0
apu%—v-puu = -V II II1 =PI — uVu
ou; Wil — Uig L2 z' i1
ox 2Ax

A Finite Volume Method

%/pudvz—%puu-ds—fn.ds &~ &~

|4 S S
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Finite (Control) Volume Formulation

A An integrated Navier-Stokes Equation

Q/pUdV:—jgpuu-dS—fH-dS Il = PI — uVu
ot vV S S

A Exactly links fluxes to changes inside control volume (CV),
consider mass flow in a nozzle

S N

N
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Finite (Control) Volume Formulation

A An integrated Navier-Stokes Equation
2/pudV:—7§,ouu-dS—]gl_l-alS II1 =PI — uVu
ot Jy S S

A Exactly links fluxes to changes inside control volume (CV),
consider mass flow in a nozzle

e
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Finite (Control) Volume Formulation

A An integrated Navier-Stokes Equation
2/pudV:—7§,ouu-dS—]gl_l-alS II1 =PI — uVu
ot Jy S S

A Exactly links fluxes to changes inside control volume (CV),
consider mass flow in a nozzle
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Finite (Control) Volume Formulation

A An integrated Navier-Stokes Equation
2/pudV:—7§,ouu-dS—]gl_l-alS II1 =PI — uVu
ot Jy S S

A Exactly links fluxes to changes inside control volume (CV),
consider mass flow in a nozzle

[ /CV
/ pu-dS T / pu - dS
m o omme—= out
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Finite (Control) Volume Formulation

A An integrated Navier-Stokes Equation
2/pudV:—7§,ouu-dS—]gl_l-als II1 =PI — uVu
ot Jy S S

A Exactly links fluxes to changes inside control volume (CV),
consider mass flow in a nozzle

r . N 1%

i 0 T i :/
pu dS %8—fpdv L pu - dS
m vV === out
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Finite (Control) Volume Formulation

A An integrated Navier-Stokes Equation
2/pudV:—7§,ouu-dS—]gl_l-als II1 =PI — uVu
ot Jy S S

A Exactly links fluxes to changes inside control volume (CV),
consider mass flow in a nozzle

e

A Conservative i keeps track of all flow in and out
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A Domain split into a grid of finite volumes
ABoundary conditions must be specified as fluxes
ALoop with flux equal between adjacent volume in space
ASum of flux over volume surface gives change in time

iy LA

———
///}‘;
/

@

A Example: Wall driven or Couette flow
ATwo infinite plates with fluid in between
AA good model for tribological and industrial cases of interest
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Discrete molecules in continuous space
AMolecular position evolves continuously in time
APosition and velocity from acceleration /G

0\
Acceleration obtained from forces

AGoverned by Newt-batyosgstelmaw f or an
APoint particles with pairwise interactions only

mii; = F; = i i Plris) = de [(i)m - (i)j

o Tij Tij
i#] J J
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Liquid
structure

causes
Viscosity

Stick -slip
near walls

: :::i ees
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AV e behaviour
produces
hy rodyna

e 00|ty)

/

Reynolds Number

Re ~ 15
with
4096 molecules
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Liquid
structure

causes
viscosity

Stick -slip
near walls

Molecules
of arbitrary
complexity

Oil, water and textured surface
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Shocks and MuliPhase

Shockwave

Droplet Formation
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Contact line

Nucleation



