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Lattice-Boltzmann Automata Wolfram 86, Hasslacher 86

d2q9-Model

f Mass fractions

e Microscopic velocity of the particles 

t Time

x Space

Lattice Boltzmann Equation (LBE)

d3q13-Model

dôHumieres01
d3q19-Model

Qian 92Qian 92

d2q6-Model
Wolfram 86, Hasslacher 86
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D2Q9-model:  Moments

Transformation into moment space (moments of mass fractions):

d2q9-model
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MRT: Humieres 92, Lallemand 00

D2Q9-model: Collision operator

TRT: Ginzburg 03

LBGK: Quian 92
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Lattice:

Moments:

Collision operator:

D3Q13-Model

c: microscopic speed

d'Humieres et al. 2001
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D3Q13 ïModel ïUnit Cell

Two independent sub-lattices: delete one!

Ÿ Basic Unit cell: Rhombic Dodecahedron

ÅIt is a Catalan solid with 12 rhombic faces, 24 

edges and 14 vertices

ÅFirst described by Johannes Kepler

ÅVertex first projection of the 4d hypercube

ÅThe rhombic dodecahedra honeycomb: 

space-filling tessellation, Voronoi diagram of 

the face-centered cubic sphere-packing,

ÅThe honeycomb is cell-transitive, face-transitive 

and edge-transitive. It is not vertex-transitive

ÅV=2h3

Toelke et al. 2008
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D3Q13-model: Eigenvectors
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D3Q13-model: Collision operator
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Ågrid

Åcollision-operator

Åmoments

ÅTaylor expansion

Åasymptotic expansion

Åsort by order

Multi- scale analysis with computeralgebra
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Multi- scale analysis with computeralgebra

Incompressible Navier-Stokes equations
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Relaxation rates:

Pressure:

D2Q9 D3Q13

Mass conservation:

Momentum conservation:

0=¶Ð u
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Linear Interpolation [Bouzidi-Firdaouss-Lallemand 2001]

No-slip / Velocity BC
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LB-Simulator Virtual Fluids

Transport equations:

ÅNavier-Stokes

ÅFree surface flow

ÅThermal flows with large 

density ratios

ÅAdvection-diffusion-

problems 

ÅShallow water equation 

ÅFluid-structure 

interaction

ÅMultiphase flow
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LB-Simulator Virtual Fluids

LB-Simulator Virtual Fluids:

ÅC++

Å2135 files

Å300.000 code lines

Å100.000 comment lines

ÅCMake

ÅSVN

Design: 

ÅGeneralization of algorithms, packages and modules

ÅGeneric programming

ÅGeneral communication concept (transmitter connector concept)

ÅMPI, RCF und JADE for parallel computing

Facts: 

ÅGeometric primitives and objects given by tesselation

ÅD2Q9 und D3Q19/D3Q13

ÅMRT

Å2nd order BC

ÅLES 

ÅRANS (k-epsilon und SST) 
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Hardware ïStream Computing

Å Vector Machines (Cray, NEC, ...)

Å Cell Processor (IBM Blade Server, Sony Play Station 3)

Å GPUs

GPU - Programming

Group of Arie Kaufman:

ÅImplementing Lattice Boltzmann Computation on Graphics Hardware (Li/Wei/Kaufman 2003)

ÅDispersion simulation and visualization for urban security (Qiu et al. 2004) ,

ÅSimulation of soap bubbles  (Wei et al. 2004)

ÅMelting and flowing in multiphase environment (Zhao et al. 2006)

ÅVisual simulation of heat shimmering and mirage (Zhao et al. 2006)

ÅGPU clusters for general-purpose computation  (Fan et al. 2004)

ÅReal-time ink dispersion in absorbent paper  (Chu/Tai 2005)

ÅSimulation of miscible binary mixtures (Zhu et al. 2006)

ÅImplementation of a Navier-Stokes solver on a GPU (Wu et al. 2004)

ÅHierarchical parallel processing of large scale data clustering on a PC cluster with GPU co-

processing (Takizawa 2006)

Ÿ Programming style close to the hardware especially developed for graphics applications!
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Mapping space location ïmemory location

D3Q13 model: 

Mapping 3D space to 1D memory:

C-Code:

lattice size:

2 nx x ny x nz (e.g. 128 x 128 x 512)

data structure:

nx x ny x nz (e.g 64 x 128 x 512)

Toelke et al. 2008


