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1.Introduction 2. Simulation method and visualisation

3. Packing 4. Flow
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Discrete element simulations  of frictional 
grains in arbitrary number of spatial 
dimensions N

1D 2D 3D 4D ND...
?

Consider granular problems in higher 
dimensions:

• Packing
• Flows
• Segregation
• ...

Provides insights into lower dimensions.

Linear springs with friction & dissipation

Translation
Trivial generalisation to higher dimensions

2D 3D ND
N£(N{1)/2 degrees of freedom of rotation
Generalisation to ND using rotation matrices

Visualising grains

Visualising rotation

Mapping (N{1) dimensional hypersphere surface to
a color palette.
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Inclined plane flow of mono-disperse 
hyperspheres. 

5. Segregation 6. Going further

• Random close packing fraction decreases with N
• Small effect of interparticle friction
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• Linear decrease of flow volume fraction with inertial number I
• Rheology ¹(I) similar for all dimensions >2. • Coordination number departing rapidly from theoretical 
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Bidisperse mixture (50-50% mix by volume, d      = 2d               ) in a rotating hypersphere.
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Questions or discussions: francois.guillard@sydney.edu.au
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