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¸ Introductions to Computational Fluid Dynamics (CFD) 

- Assumptions and modelling paradigm 

- Introduction to numerical solutions 

¸ Hands on 1 

¸ Introductions to Molecular Dynamics (MD) 

- Assumptions and modelling paradigm 

- Introduction to numerical solutions 

¸ Coupled Simulation 

¸ Hands on 2 

Molecular Dynamics 

Slides and hands-on code at edwardsmith.co.uk/content/RS-DFID.zip 



MOLECULAR DYNAMICS 



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 
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Molecular Dynamics 



Structure of Molecules 

ÅThe MD models the evolving structure of the 

molecular lattice 

1D 2D 

ÅRadial Distribution Function (RDF) 



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 ð Parallel optimisations 

Localisations lends itself to parallel computing using MPI 

ÅSpatial decomposition employed as in CFD 

ÅHalo cells (ghost molecules) are used to link adjacent 

regions 
 

 

 

 

 

 

Halo exchange of variable amounts of data 

ÅMPI_Send 

ÅMPI_Probe and MPI_Recv 

 



NEMD - Tethering and Thermostatting 

ÅNon Equilibrium Molecular Dynamics (NEMD) is the study 

of cases beyond thermodynamic equilibrium, with: 

ÅTemperature gradients 

ÅFlow of fluid (e.g. Couette or Poiseuille flow) 

ÅWe induce temperature gradients and flows 

ÅThermostats (e.g. Nosé Hoover) 

ÅRemove heat from system 

ÅTethered molecules 

Å(An)harmonic spring to tether site 

ÅWith sliding 

ÅSlide site and (optionally) molecules 



ÅMinimal MD solver for two molecules  

» Includes LJ force 

» Time integrations 

ÅMATLAB code 

Hand-On Session 

 for  n = 1:Nsteps  
         %Calculate forces  
         [ a,U ] = Force_calculation ( ri,rj,rc );  
          
         %Update molecular positions using leapfrog  
         [ ri,rj,vi,vj ] = Leapfrog_int ( ri,rj,vi,vj,a,delta_t );  
end  

Slides and hands-on code at edwardsmith.co.uk/content/RS-DFID.zip 



Molecular Dynamics ð Complex Walls and Fluids 

Oil, water and textured surface  

Stick -slip 

near walls  
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causes 
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Molecular Dynamics ð Shocks and Multi-Phase 

Shockwave Droplet Formation  

Nucleation  Contact line  


