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Lattice-Boltzmann Automata  wolfram 86, Hasslacher 86

Lattice Boltzmann Equation (LBE)

fi(t+ At x4e;At) = f;(¢,x)+;, i=0,...,b—1

f Mass fractions
e Microscopic velocity of the particles
t Time
X Space
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D2Q9-model: Moments °6, PR
e
€3
Transformation into moment space (moments of mass fractions):
e7 €y
m = Mf := (p, puz, puy, €, Pzz, Pzy, Pz, hy, €)
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D20Q9-model: Collision operator

MRT: Humieres 92, Lallemand 00

ko=k1 =ko=0

k3 = ke = se (e— 3p(u2 +u§))
kg = kgz = su (paim - P(U:% — ug))
ks = kxy = su (pzy — pux uy)

ke = kp, = sp he

k7 = kpy = sp hy

kg = ke = see,

Relaxation rates: sy, se, sy, Se
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TRT: Ginzburg 03
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even moments: s, = s, = s,

odd moments: sy

LBGK: Quian 92
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D3Q13-Model

Lattice:

0O c
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Moments:

m = Mf = (p, pouz, poUy, POUz, €, Pzzs Pww, Prys Pyzs Prz, ha, by, hz)

Collision operator:

d'Humieres et al. 2001
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C: microscopic speed

fi(t+At, x+e;At) = f;(t,x)+£2;,
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D3Q13 1 Model i Unit Cell Toelke et al. 2008

Two independent sub-lattices: delete one!

Y Basic Unit cell: Rhombic,,

Alt is a Catalan solid with 12 rhombic faces, 24
edges and 14 vertices

AFirst described by Johannes Kepler
AVertex first projection of the 4d hypercube

AThe rhombic dodecahedra honeycomb:
space-filling tessellation, Voronoi diagram of
the face-centered cubic sphere-packing,

AThe honeycomb is cell-transitive, face-transitive
and edge-transitive. It is not vertex-transitive

AvV=2h3
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D3Q13-model: Eigenvectors
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