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fi

fi (x+ eiΔt, t+Δt) =fi(x, t)−
(
M−1SM

)
i,k

[fk − f eqk ]
∣∣∣
(x,t)

+

(
I− (M−1SM)i,k

2

)
F̄i(x, t)Δt

ei x t Δt = 1

f eqi

I

F̄i

F̄i = ω̄
(|ei|2) [ei − u

c2s
+

(u · ei) ei
c4s

]
· F

u

ω̄(0) = 1/3 ω̄(1) = 1/18 ω̄(2) = 1/36



cs = c/
√
3 c = Δx/Δt Δx = 1

M

fi f eqi F̄i

m = Mf meq = Mf eq F̃ = MF

m∗ = m− S (m−meq) +

(
I− S

2

)
ΔtF̃

fi (x+ eiΔt, t+Δt) = f ∗i (x, t)

f∗ = M−1m∗

ρ =
∑
i

fi, ρu =
∑
i

fiei +
ΔtF

2

m = [m0,m1, . . . ,m18]
T

m = [k000, k100, k010, k001, k110, k101, k011, k200 + k020 + k002, k200 − k020,

k200 − k002, k120, k102, k210, k201, k012, k021, k220, k202, k022]
T



kmnp fi

kmnp =
〈
fi|emixeniyepiz

〉
S

S = diag (s0, s1, s1, s1, sv, sv, sv, sb, sv, sv, s3, s3, s3, s3, s3, s3, s4, s4, s4)

sv sb

ν = (1/sv − 1/2) c2sΔt ξ = 2/3 (1/sb − 0.5) c2sΔt

νl = 0.01 νg = 0.1497

◦

M meq =

[meq
0 ,m

eq
1 , . . . ,m

eq
18] F̃ =

[
F̃0, F̃1, . . . , F̃18

]



M =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
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0 0 0 0 0 1 −1 0 0 0 0 1 1 −1 −1 1 1 −1 −1
0 0 0 0 0 0 0 1 −1 −1 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 1 −1 −1 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 −1 −1 1

0 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2
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0 0 0 0 0 0 0 0 0 0 0 1 1 −1 −1 0 0 0 0
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 −1 −1
0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦



meq =
[
ρ, ρux, ρuy, ρuz, ρuxuy, ρuxuz, ρuyuz, ρ

(
1 + u2

)
, ρ

(
u2x − u2y

)
,

ρ
(
u2x − u2z

)
, ρc2sux, ρc

2
sux, ρc

2
suy, ρc

2
suz, ρc

2
suy, ρc

2
suz,

ρc2s
(
c2s + u2x + u2y

)
, ρc2s

(
c2s + u2x + u2z

)
, ρc2s

(
c2s + u2y + u2z

)]T
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⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
ρθv, ρ ≤ ρ1
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