Lattice Boltzmann scheme and finite volumes *
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We denote by L a lattice, Az a typical scale associated with this lattice, At a time step, A\ = %

a typical celerity of the problem, x a vertex of this lattice, y; =z + At v, (0 < j < J) the set
of neighbouring nodes around the vertex x. We suppose that the family (v;)o<j<s of celerities is
symmetric relatively to the origin :

V7 E{O,'-',J}, H!O’(j)E{O,'“,J}, Uj—l-’l)[,(j):o.
Let fj(x,t) be a distribution of particles on the lattice £ at the vertex x and discrete time ¢t. We
assume that the density p = }°; f; and the momentum ¢ = 3 ;v; f; are conserved during the
collision step and we denote by [ (x,t) the distribution after this step : p = > li=21=r"
q=>;v; fj =>;vj f; =¢". Then the dynamics of the lattice Boltzmann scheme takes the simple
form [2]

filz, t+At) = fi(z —vj At t), z€L, 0<j<J.

We introduce a cell K(x) around the vertex x such that its boundary 0K (x) is composed by J
edges aj(z) separating the nodes z and y; : 0K (z) = U, a;(z), aj(z) = 0K(x) NIK(y;) =
ay(j)(y;). We denote by | K(z) | and | aj(z) | the measures of K(z) and a;(z) respectively.
Then the conservation of mass and momentum takes the discrete form

S eran (] ek Sioton ()=

with a mass flux ¢;(z) and a flux of impulsion (;(z) between the vertices x and y; defined
according to

(5) = R (17(0) = Fp () G(o) = T e (5@ + £ )

and satisfying the conservation property :
V(@) + Yo(5)(y;) = 0, Gi(@) + G (y;) = 0.

This remark makes a clear link between the lattice Boltzmann scheme and the finite volume method.
In the particular case of D1Q3 and D@9 models (see e.g. [3] for a precise description of the latter),
this remark is the starting point of a complete development of a new boundary condition procedure
that is more efficient than [1] and will be presented at the Conference.
The author thanks Francois Alouges for a short and precise interaction about finite volumes and
Pierre Lallemand for regqular scientific exchanges on the present subject.
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