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Asymptotic hypothesis 2

Partial differential equations
∂tW = Γ1 +∆t Γ2 +∆t2 Γ3 +∆t3 Γ4 +O(∆t4)

Γj : vector obtained after j space derivations
of the conserved moments W

and the equilibrium vector Φ(W ).

Non-Conserved moments:
Y = Φ(W ) + S−1

(
∆t Φ1 +∆t2Φ2 +∆t3Φ3

)
+O(∆t4)

Φj analogous to Γj but not with the same dimension!



Main result: explicitation of the vectors Γj and Φj 3

∂tW = Γ1 +∆t Γ2 +∆t2 Γ3 +∆t3 Γ4 +O(∆t4)
Y = Φ(W ) + S−1

(
∆t Φ1 +∆t2Φ2 +∆t3Φ3

)
+O(∆t4)

Γ1 = AW + B Φ(W )
Φ1 = C W + D Φ(W )− dΦ(W ).Γ1
Γ2 = B ΣΦ1 with Σ the Hénon matrix: Σ ≡ S−1 − 1

2 I

Notations: γj ≡ dΦ(W ).Γj
∂2Ψ.Γ1 ≡ d2Ψ(W ).(Γ1, Γ1) + dΨ(W ). dΓ1(W ). Γ1

= d ( dΨ(W ). Γ1). Γ1
Φ2 = D ΣΦ1 − γ2 − Σ dΦ1.Γ1

Γ3 = B ΣΦ2 +
1
6 B dΦ1.Γ1 − 1

12 B2Φ1

Φ3 = D ΣΦ2 − γ3 − Σ dΦ1.Γ2 − Σ dΦ2.Γ1
+1

6 D dΦ1.Γ1 − 1
12 D2Φ1 − 1

12 ∂
2Φ1.Γ1

Γ4 = B ΣΦ3 − 1
4 B2Φ2 +

1
6 B D2ΣΦ1 +

1
6 AB Φ2

−1
6 B (dγ1.Γ2 + dγ2.Γ1)− 1

6 B Σ ∂2Φ1.Γ1



Survey 4

• Compact iteration of lattice Boltzmann schemes

• Block decomposition of the moment-velocity operator matrix

• Asymptotic expansion of the equivalent partial differential
equations and of the non conserved moments

• Explicitation of the coefficients up to order 4
with less than 7 terms

• Intensive use of differential calculus

• Validation of the nonlinear expansion for fluid flow
and thermal problems up the the order 3

• Simplified formulae in the linear case

• Validation of the linear expansion
for the fluid flow D2Q9 scheme
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