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1 Global definitions

In R, the position and velocity vectors are given by x = () and uw = (u), respectively.
Discrete velocity vectors:
{e:}is = ((0), (1), (=1))-



Equilibrium DF vector f¢9:

1—c2—u?
FU=| su+ i+ i?
_1 1.2 4,1,2
SU + 5Cs + SU
. . _ 1
Lattice speed of sound: ¢, = 7
Moments gt = (1, fi2, ji3) " are given by _
u’ - va
where f = (fl,fz,fg)T and
/111
M=]0 1 -1
0 1 1
2 SRT
2.1 Definitions
Matrix A = S:
w 0 0
A=10 w 0
0 0 w
where
S = diag(w, w,w).
Matrix B:
0 14w —-14w
B=|-14+w 0 14w
14w —-14w 0
2.2 EPDE for i,
g, 08 g Oy g 2@ s s M) 5207
W8T+l B e g g il G5 =0

where

7[[51] = —w?,

’Y[[g]l] = —uw?,

7[[521]] = —2w+ 302

’V[[fwl]] = uw? — uw

7[[521]] = ¢%w + v?w — Julw? — $c2w?,




2.3 EPDE for u,

m (1] [u1] s Ot1 []f'Mz , I 2 0%
Tk ] e +'7[t]16t o ne—= o0 “1 01— v[t‘?] T
ol s 20%H2 [ m] 20 (o) 20%H2
+ 7 t2] 515 8t2 J’_’y[tz 0 Bta 5 o a2 + 7y m2]6 o EWCN =0,
where
’y[[f]l] 2uw? + 3uw
7[[{‘]2] = —3w? 4 2w
’y[[ﬁl] = 4uw?d — Tuw? + 3uw
’y[[gz} = —6w + 9w — 4w
’y[[;:]l} = —3c¢%w — 3ulw + 2ulw? + 2¢.2W?,
’y[[f;]] = —duwd + 2 5 w2 — %uw
Wi = =3+ 9w — Bw? + 40,
’y[[fxl]} = —2 4 2w + 2¢,%w + 20w — 2uPw? — 2¢,20W?,
7[[;2]] = Juw.
’y[[gf]} =1- 2w+ w?,

2.4 EPDE for us

Ops [H1]5 %

[p1] [m3] ] [us]
M HF) “3+7m 0= at + " g ) 0y
M1] (9 MS] 8 Ml] 8 Ms 28 M3
e 80 + 1 07 Tt A G et g =0,

where
’Y[ﬁl] 26,203 + 3uw? + 3¢.2w? — 2ulw?
’yff} = —3w? + 2w

[
[
(
7[[51} = 2w + 3¢, 2w + 3ulw — 2w? + 4c, 2w — Tulw? — Te2w? + 4ulw’
[
[



’Y[[x] = —uw,
7[[521]} =27 %ngw %u w+ 3w? — dcPw? + 15u2w2 + —cgzw — 4uPws,
7[[523] = -3+ 9w — ZLw? + 43,
’7[[521]] = gcszw + %uzw — w2w? — c,2w?
7[[55’]] =1- 2w+ w?,
3 MRT
3.1 Definitions
Matrix A = M~1SM:
Wo - Wo W2 Wy — W2

A=10 le+lw1 lw2—lw1

w2 — 5&)1 §w2 + 5&)1

)

2

where
S = diag(wo, w1, w2)
and
1 1 1
M=]|0 1 -1
01 1
Matrix B:
0 14wy —14wsy
B = —1+%WQ+1LU1 0 —1 4wy
—1—|—§WQ+§LU1 -1+ w 0
3.2 EPDE for 1,
Oy s, O, i) 2 0% ] % 2P
W8T+l B 8 g g+l G =0
where
’V[[ﬁl] = —WwaWi,
7[[5]1] = —WaUWwsi,
7[[521]] = —wz + %w2w1 — w1,
’y[[:;l] = —UW1] + Wollwy.
v[[jjé]] = wac? 4+ wou? — %wgu wy — %w2052wla




3.3 EPDE for u,

(1] [122) s O Oz Om %11
'Y[ﬁl H1 +'7[ 1] M2 +’7[t]1 Op— 8t + [‘f]dt It + [[#1 0 —— or 5,52 52
["2] 2 0% m] 2 0% 28 B2

) 0 8t2 ta] 8t3 0 5x2 8 gz = O

where

’Y[[ff] = —wiuw; + 3wouw; — wouw?,

V[[ff] = Wwowi — 3wawi + wiwi,

7[[51} = —uw? + Buw; + 2wiuw — bwauw + 2wpuwi,

’Y[[ﬁﬂ = —2wow? + w? — 3wy + w2 + Twowy — 2wiwy — 3wr,

V[[gf] = —3wacs? — Bwau? + watlwy + wacsiwy + wiu? + wie,?,
7[[2‘;]] = Suw? — Tuw; — 2wiuwy + bwouw — 2wouw?,

7[[522]] = =3+ 2wowi — J0f + Jwz — Jwi — Puwowr + 2wiwr + Jw,
V[[fml]] = =2+ 2wy¢,® + 2wpu® + Wy — watPwy — wacsPwr — WU — wies® + Wi,
’y[[ﬁ]} = Juw;.

7[[1, ]] 1— 3wy + w3 + Jwow — swi,

3.4 EPDE for us;

[11] [ps] [p1] 8,[1,1 (3] a,ud [11] 8,ul
Wy By e e e e g i
yld 2 0% sl 5 20°H (] 5 201 jsl ¢ 20%13
[t2] 5t 8t2 [tﬁ 5t 8t2 V[wzl] 5l 6I2 P)/[I;] (Sl 8LE2 = O,
where
’Y[[ﬁl] = —wotlw? — wies2wy + Bwaulwr — wiuwy + 3wacs2wr — waes2w?,
7[[%3] = wow? — Bwowy + wiwr,
,y[[gﬂ = 3wacs? — w? + 2waulw? + 3wau? 4 2wies 2wy — bwauwy — wawy + 2wiutw — bwacsiwy — wiu? — wics? +

2w + 2w2632wf,



Ty = —2wow? + wi — 3wa + w3 + Twaw — 2wiw; — 3wy,

7[[5]1] = —Uwq,

’y[[f;]} =2 %wgcsz + %w% — 2woulw? — %w2u2 — Wy — 2w§cs2w1 + 6waulwi + %wzwl — 2w§u2w1 + 6wacs?wi +
%w%uQ + %w%cSQ — 4wy — 2wacsw?,

7[[212?] = -3+ 2wow? — %wf + %wg - %w% — 12—5wa1 + 2w3w + %wl,

7[[:21]] = %WQCSQ + %WQ’U/Q — %wgu%q — %wzcﬁwl — %w%uQ - %w%cSQ.

7&5’]] =1- 3wy + w? + Jwow — 1wy,

4 CLBM

4.1 Definitions
Matrix A = K~ 1SK:
A= 2wiu? — ulwy + wo — wou?,

Aj o= (2wiu — wp — u(wy + w2) + w2)(—1 + u),
Aq s = (2wiu+ wy — u(wo + w2) —wa)(1 4+ u),

1
Ay = —§(w1(1 + 2u) — wo — u(wo + w2))u,

Aso = —wiu’ + lwl + 1wlu + }u2w2 — uwg + 1wouQ + 1(.412 + 1cuou
’ 2 2 2 2 2 27

1
Ay = *§(w1(1 + 2u) — u(wo + w2) — w2)(1 + u),

1
Asq = —§(w0 + wi (=14 2u) — u(wo + wa))u,

1
Azn = _§<—1 + u) (w1 (=14 2u) — u(wo + wa) + wa),

Azs = 2,1 Lottt Suus 4 uws + S + & !
3,3 = —Wiu 2w1 20)1’& 2u (%) uUw2 2OJQU 20.}2 2WQU.
where
S = diag(wo, w1, w2)
and
1 1 1
K=|-u 1—u —u—1
u?  (1—u)? (u+1)>
Matrix B:
0 —142wiu — 2uws +wy  —1 — 2wiu + 2uws + wo
B=|-1+1w +wiu—uwy+ 2wy 0 —1 4+ w1 + 2wiu — 2uws
1+ sw1 —wiu+uws + w2 —1+w; — 2wiu + 2uw; 0



4.2 EPDE for 1,

alul Hl] a [#1] 8 [Ml] 8 282/1/1 _
Wi T 8 8 S g+ e g =0,
where
7[[51] = —wawi,
'7[[5]1] = —WaUuWr,
7[[#21]] = —wz + Jwawr — wy,
7[[511]} = —2wou + wauwy + Uws.
'7[[5;]] = —%WQCszbﬂ + 2’LL2(JJ1 - %w2u2w1 + W2C52 _ w2u27
4.3 EPDE for p»
[11] [12] 8 alug [Ml] 8'u1 [#2] alu2 [#1] 282'”1
T M +7[1] M2+’Y (5t ot + [t] 51& En Via] 0 —— o Vil 5 ——= o Vi, 5 o
op [Hz] O p m] 2 0% 2 0%y
W TGt i + ol g 107 S Al S =0,

where

’Y[[fjl] = —w3uw; + 3wauw; — wWauw?,

’y[[ff} = wow? — Bwowr + wiwy,

7[[51] = 2w3u + 2wiuw) — uw? — Bwotw + 2wouw?i + Juws,

’Y[[éf] = —3ws — 2waw? + w? + Twow; — 2wiw; — 3wy + w3,

’Y[[;Lf] = wacs?wy — wiu? — 6uwr + watlwy — 3wacs? + 2ulwi + wics? + 3wau?,
7[[5]2} = dwiu — 2uwi — Bwau — 2wouwy + Buwy,

”Y[[f?l]] = —3w3u — 2wiuw; + Suwi + 2wou + Iwouwr — 2wouw? — Huws,

’Y[[ff] = =3+ Jwy + 2waw? — 3wl — Luwowy + 2wiwy + Jwy — Wi,

7[[;11]] = —2 — wycslwr + wiu? + dulw; + wy — worPwy + 2wac? — 2uPw? — wie,? + w — 2wpu?
At — e+ 2uw + 6wau + Zoguwy — 6w,




3woudwy + w%cSQu —2udw? wy w2u3 — wacsuwy + uwl

=1+ 2w2u — 3wy — dwoulw; + 2u? W1 + %wal — %wl + %w%,

’v[[ﬁi
(12
[z2 2

1 _
1
Viz2 ]]

4.4 EPDE for us

2
[11] [15] Oy lsls Ol filg OB lusls OMs il 5 20"t
o s o e s e i 6
8 8 [HS] 3 Ml] 28 H1 [13] 28 M3
0 8t2 e 068 00 10 Gz % g =0
where
WHT] = BwacsPwy — watPwi + Bwaulwy — wecstwi — wiutwy — wictw,
'y[[’f]“} = wowi — 3wawi + wiws,
’y[[ﬁﬂ = —6wQ032w1 + 5w§u2 + 6uwy + 2woulw? — w? — ldwou?wy + 3wacs? + 2uw? — wowr + 2wacs2w? +
2w wiwy — (.UQCS + 2w + 2w2052w1 — 3w2u2
’y[[ﬁ‘q’] = —3ws — 2w2w1 + wl + Twowy — 2w2w1 — 3wy + w%,
’y[[g]l] = —6waudwy — 2wicsiu + dudw? + 2w3ud + 2wecsuw — uwy,
’y[[;tf} = 4dwiu — 2uw? — 6wau — 2wouw + buws,
’y[[f;]] = 2 + 6wacswy — 1—25w2u — Tulw; — woy — 2wouw? + %w% + 18woulw; — %WQCS2 — 3uw? + %W2W1 _
2w2c52w1 — 2w2u w1 + §w%cs — 4wy — 2w205 w1 + nguz,
’y[[fﬁ] = -3+ Jwy + 2wow? — 3wi — 125w2w1 + 2wdwy + Jwy — Wi,
7[[ ta] = = bwoudwy + 2wic,2u — dudw? — 2wiud — 2wacsPuw; — 2wou + 2uwr,
'y[[é‘gf]} = —dwiu + 2uw? + 6wat + 2wouw; — Guws,
7[[521 = —%wgcfwl + %w%uQ + 3ulwy — 2wzu wi + wgcs2 — u%}% — %w%cSQ — %wqu.
[
[

]
]
L
7;5’]} =1+ 2w%u2 — %wg — dwouPwy + 2u2w% + %wyul — %wl + %w%,
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