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Overview 

ÅCoupling  

ÅComputational Fluid Dynamics (CFD) 

ÅMolecular Dynamics (MD) 

ÅDeveloping a Coupling Framework 

ÅControl Volume Functional 

ÅConstrained Dynamics 

ÅLink to NEMD 

ÅCoupled Simulations 

ÅSoftware Development 

ÅResults 



COUPLING 

 Computational Fluid Dynamics 

Molecular Dynamics 



ÅAssumes a continuous field 

Coupled Simulation 

ÅDiscrete molecules 



Computational Fluid Dynamics 

ÅAssumed  continuous at every point in space 

ÅMass Conservation 

 

 

 

ÅMomentum Balance (Newtonôs Law) 

 

 

 

ÅEnergy Conservation 
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Direct Numerical Simulation of 

Turbulent Couette Flow 



ÅTaking Momentum Balance and approximating  

 

 

ÅGives the Navier-Stokes Equation 

 

 

 

ÅBeyond simple flow we need further models 

ÅMulti-phase interface tracking, phase change, flow of energy, 

chemical species tracking and reactions, shock waves, slip models 

near boundaries, etc 

ÅEach brings in more empirical coefficients  

Computational Fluid Dynamics 

Viscosity Coefficient 



Computational Fluid Dynamics 

ÅThe Navier-Stokes Equation 

 

 

ÅFinite Difference Method 

 

 

 

 

 

 



Computational Fluid Dynamics 
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ÅFinite Difference Method 

 

 

ÅFinite Volume Method 

 

 

ÅOther methods: finite element, spectral methods, smooth 

particle hydrodynamics, lattice Boltzmann, é 
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Finite (Control) Volume Formulation 

ÅAn integrated Navier-Stokes Equation 

 

 

ÅExactly links fluxes to changes inside control volume (CV), 

consider mass flow in a nozzle 

wall  

wall 
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Finite (Control) Volume Formulation 

ÅAn integrated Navier-Stokes Equation 

 

 

ÅExactly links fluxes to changes inside control volume (CV), 

consider mass flow in a nozzle 

ÅConservative ï keeps track of all flow in and out 



ÅDomain split into a grid of finite volumes 

ÅBoundary conditions must be specified as fluxes 

ÅLoop with flux equal between adjacent volume in space 

ÅSum of flux over volume surface gives change in time 

 

 

 

 

 

 

 

ÅExample: Wall driven or Couette flow 

ÅTwo infinite plates with fluid in between 

ÅA good model for tribological and industrial cases of interest 

Computational Fluid Dynamics 

E2 Bearings

New Bearing Manufacturing

Methods



Discrete molecules in continuous space 

ÅMolecular position evolves continuously in time 

ÅPosition and velocity from acceleration 

 

 

 

Acceleration obtained from forces 

ÅGoverned by Newtonôs law for an N-body system 

ÅPoint particles with pairwise interactions only 
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Molecular Dynamics 



Stick -slip 

near walls  

Liquid 

structure 

causes 

viscosity 

Average behaviour 

reproduces 

hydrodynamics 

(coloured by 

velocity) 

Reynolds Number  

 

 

with  

4096 molecules  

 

Molecular Dynamics 



Molecular Dynamics 

 Complex Walls and Fluids 

Oil, water and textured surface  

Stick -slip 

near walls  

Liquid 

structure 

causes 

viscosity 

Wall 

Texture 

Molecules 

of arbitrary 

complexity  



Shockwave Droplet Formation  

Nucleation  Contact line  

Molecular Dynamics  

 Shocks and Multi-Phase 


