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We have used the dispersion equation of a Lattice Boltzmann scheme [LL00| to derive
equivalent equations of such methods for several classical schemes (D1Q3 for thermal
problem, D1Q3 for acoustic model, d2Q5 for thermal problem). We have compared the
results with the direct Taylor apprach suggested by one of us |[Du07|. We observe a com-
plete agreement between the two algorithms. Note that intensive use of formal calculus

has been necessary for this study.
We study in a first part the so-called D1Q3 model. It is defined by the following matrix
M -

1 1 1
M=1-Xx 0 X
A2/2 0 A2/2

For example, the equivalent equations of the acoustic D1Q3 model are the following ones
at the order five (with A = Az/At, 2 =aX and o =1/s —1/2) :

— /\41;‘0# (1—a)(20a0? — 100* — o — 1) % =0
% + aAQ% — O')\QAt(l—Oé)% - )\4?t204(1_04)(602_1)%
—)\41§t30(1—a) (240402—1202—404—1—1)%

* Invited lecture for ICMMES-2007.



2 Francois Dubois and Pierre Lallemand

— A;AO# a (1 —a)(360ac* — 90ac? — 2400* + 5002 + 4o — 1) % =0.
For the advection-diffusion equation with the d1g3 model with
my = Vop,
and
)2
m3 = «& b} P

a relaxation of the second and third momentum components associated with the param-
eters 7 and o:
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we obtain the following equivalent equation at the third order :

% + V% - TAt(oz)\2—V2)%
— VétQ (2(1—1272 V3 + (240472+120047—12JT+1—3a))\2> % =0.
For the acoustic D2Q9 system, we obtain at the , order of accuracy :
Yo 200 XA D ivg) + s ) = 22 3o 302 —1) (o) — 0.
% + %2 g—/y) - /\23At <03 %(divq} + o3 Aqy) - /\42€t2 (303 +305 —1) %(Ap) =0.
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