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Summary 

ÅIntroduction 

ÅHeat Flux - Fourierôs law and beyond 

ÅMolecular Dynamics 

 

ÅTwo Cases 

ÅTemperature-Driven Flow  

ÅShear-Driven (Couette) Flow 

 



INTRODUCTION 
Section 1 



Fourierõs law of Heat Conduction 

ÅHeat flux      driven by a 

temperature difference 

 

 

 



Fourierõs law of Heat Conduction 

ÅHeat flux      driven by a 

temperature difference 

 

 

 

ÅProportional to magnitude 

of temperature gradient 



Fourierõs law of Heat Conduction 

ÅTaylor expansion in gradients of T and u 

 

 

 

 

 



Fourierõs law of Heat Conduction 

ÅTaylor expansion in gradients of T and u 

 

 

 

 

 
Fourierôs law is first 
term in expansion  



ÅTaylor expansion in gradients of T and u 

 

 

 

 

ÅOnly temperature gradient and strain cross term is 

non-zero to 1st order 

 

Beyond Fourierõs law of Heat Conduction 



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 

and 

temperature 

jumps near 

walls  

Liquid 

structure 

causes 

viscosity 

and heat 

conduction  

Average behaviour 

reproduces 

hydrodynamics 

(coloured by 

velocity) 

Molecular Dynamics 



Molecular Dynamics ð Complex Walls and Fluids 

Oil, water and textured surface  

Stick -slip 

near walls  

Liquid 

structure 

causes 

viscosity 

Wall 

Texture 

Molecules 

of arbitrary 

complexity  



Molecular Dynamics ð Shocks and Multi-Phase 

Shockwave Droplet Formation  

Nucleation  Contact line  



MD Computing 

ÅForce Calculation 

Å All pairs simulation uses local cell and neighbour lists to reduce 

the N2 calculation to order N 

 

 

 

 

 

ÅMove particles (leapfrog in time) 



MD Computing 

Localisations lends itself to parallel computing using MPI 

ÅSpatial decomposition employed 

ÅHalo cells (ghost molecules) are used to link adjacent 

regions 
 

 

 

 

 

 

Halo exchange of variable amounts of data 

ÅMPI_Send 

ÅMPI_Probe and MPI_Recv 

 


