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Overview

A Introduction to Molecular Dynamics,
Continuum Fluid Dynamics and Coupling

A Some Work on the Derivation of a
Conservative Coupling Schemes

A Coupling Software Development
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Computational Fluid Dynamics

A Assumed continuous at every point in space
AMass Conservation
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AMoment um Bal ance
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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 The Navier-Stokes Equation
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A Finite Difference Method
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Computational Fluid Dynamics

A Domain split into a number of volumes
ASolved at every point in space before next time step
ABoundary conditions must be specified

A Wall driven or Couette flow
ATwo infinite plates with fluid in between
AA good model for many industrial cases of interest
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Computational Fluid Dynamics

A The Incompressible Navier-Stokes Equation

%pu+v-puu:—VP+uV2u V-u=0
A Non dimensional form
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A Reynolds number
A Scaling argument applied to any scale

A 1Is there a minimum?

ATravis et al (1997) single phase valid down to nanometers
ATheodorakis, Muller, Craster & Matar (2015) not in droplets

ALocal thermodynamic equilibrium vs. hydrodynamic scales
AKnudsen Number
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Molecular Dynamics

Discrete molecules in continuous space
AMolecular position evolves continuously in time
APosition and velocity from acceleration

O,

Acceleration obtained from forces
AGoverned by Ne wt -badysgstemn
APoint particles with pairwise interactions only
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Molecular Dynamics
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Molecular Dynamics

Superspreading
Surfactant, e.g.
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Coupling Overview
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Table Lookup or
Coefficients

MD parameter study
stored in table and CFD
uses data

Embedded Models (HMM)

MD T embedded in a CFD
simulation
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Domain Decomposition

MD 7 CFD linked along an
interface
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Coupling Assumptions

Table Lookup or
Coefficients

MD parameter study
stored in table and CFD
uses data

Essence of science get a relationship
between e.g. stress and strain with MD
simply a cheap experiment

Assumes validity of MD as representative
for larger scale models (Similitude)

Arguably not actually coupling, simply
Amol ecul ar flui d dynat
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NonEquilibrium (Non Continuum?) Phase Map
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Coupling Assumptions

When we canot
build a table due to
large space or

complexity (1]

Assume the time
and space scales
are decoupled

Possible to
observe a
relationships later
(machine learning
opportunity)

Embedded Models (HMM)

MD i embedded in a CFD
simulation

Used for Non-Newtonian
effects 1)



