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1 Global definitions

In RY, the position and velocity vectors are given by & = (r1) and v = (v1), respectively.



1.1 Discrete velocity vectors

Discrete velocity vectors and the lattice speed of sound are defined by

{ci ?:1 = ((0) ) (1) ) (_1)) )

L
S \/g?
respectively [IJ.
C3 Ci C2
—T-g &
—1 0 1
x

1.2 Raw and central moments

The raw and central moments are defined by

=1
and
3
ko = Zfz(cz - U)aa
i=1
respectively, where a = (1) € Z' denotes a multi-index and ¢ := [¢;]{".

1.3 Transformation matrix M

Matrix M, that defines macroscopic quantities (moments) u by

n=Mf,



with f = (f1, fo, fg)T7 is selected such that

T
= (m(o)’mu),m@)) )

i.e., M is given by

1.4 Equilibrium
The corresponding equilibrium raw moments are defined using the continuous Maxwell-Boltzmann distribution
function [I]
2
f(eq)(g) - %exp <_(€;cg1)>
as
miey = [ e e
R

where a € {0,1,2}. Hence, the equilibrium moments (¢ satisfy

(eq) 2 2 T
pte? = (p7pv1,p(vl+cs)> :

2 Spatial EPDEs

2.1 SRT
2.1.1 Definitions

Collision operator C':
C(f)=w (M u — f),
we(0,2).

2.1.2 Conservation of mass equation

I
attached text file: output_d1q3_nse_srt_symbolic_pde_00.txt

dp | vid Op | péL dwn _ 2 2y 0167 9%p _ 2 2y P8 9%v,
ot T 5 oar T 5 ony T (S 4 vl 4 3es%) 155, o7 T (=14 301 + ¢s%) 133 ozd T
5t 9%p

(Bwv? — 602 + 24es?v? — estw + 2est — 12¢s%wv? — 2¢s? + 60 — 3wot + csw) 5105 ot T
; D]

(—4 — bwv? + 1007 + 2w + 6es? — 3es’w) ’1’;;‘35 ‘9,;;%1 =0.

2.1.3 Conservation of momentum equation

I
attached text file: output_d1q3_nse_srt_symbolic_pde_01.txt



Complete expression of PDE that can be directly imported to Maxima:
u(t,x,y,z)*D[1](rho)(t,x,y,z)*dl*dt^(-1)+D[0](rho)(t,x,y,z)+1/12*D[1,1,1](rho)(t,x,y,z)*(3*cs^2*u(t,x,y,z)*dl^3*dt^(-1)+u(t,x,y,z)^3*dl^3*dt^(-1)-u(t,x,y,z)*dl^3*dt^(-1))-1/12*(rho(t,x,y,z)*dl^3*dt^(-1)-cs^2*rho(t,x,y,z)*dl^3*dt^(-1)-3*rho(t,x,y,z)*u(t,x,y,z)^2*dl^3*dt^(-1))*D[1,1,1](u)(t,x,y,z)+1/12*(10*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)^3*dl^4*dt^(-1)-4*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)*dl^4*dt^(-1)-3*cs^2*rho(t,x,y,z)*u(t,x,y,z)*dl^4*dt^(-1)+2*rho(t,x,y,z)*u(t,x,y,z)*dl^4*dt^(-1)+6*cs^2*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)*dl^4*dt^(-1)-5*rho(t,x,y,z)*u(t,x,y,z)^3*dl^4*dt^(-1))*D[1,1,1,1](u)(t,x,y,z)+rho(t,x,y,z)*D[1](u)(t,x,y,z)*dl*dt^(-1)-1/24*D[1,1,1,1](rho)(t,x,y,z)*(6*omega^(-1)*u(t,x,y,z)^2*dl^4*dt^(-1)-cs^2*dl^4*dt^(-1)+12*cs^2*u(t,x,y,z)^2*dl^4*dt^(-1)+2*cs^2*omega^(-1)*dl^4*dt^(-1)-6*omega^(-1)*u(t,x,y,z)^4*dl^4*dt^(-1)+cs^4*dl^4*dt^(-1)+3*u(t,x,y,z)^4*dl^4*dt^(-1)-3*u(t,x,y,z)^2*dl^4*dt^(-1)-2*cs^4*omega^(-1)*dl^4*dt^(-1)-24*cs^2*omega^(-1)*u(t,x,y,z)^2*dl^4*dt^(-1))=0


List of all coefficients of each partial derivatives:
D[1](rho)
	u*dl*dt^(-1)
D[1](u)
	rho*dl*dt^(-1)
D[0](rho)
	1
D[1,1,1](rho)
	1/4*cs^2*u*dl^3*dt^(-1)+1/12*u^3*dl^3*dt^(-1)-1/12*u*dl^3*dt^(-1)
D[1,1,1](u)
	-1/12*rho*dl^3*dt^(-1)+1/12*cs^2*rho*dl^3*dt^(-1)+1/4*rho*u^2*dl^3*dt^(-1)
D[1,1,1,1](rho)
	-1/4*omega^(-1)*u^2*dl^4*dt^(-1)+1/24*cs^2*dl^4*dt^(-1)-1/2*cs^2*u^2*dl^4*dt^(-1)-1/12*cs^2*omega^(-1)*dl^4*dt^(-1)+1/4*omega^(-1)*u^4*dl^4*dt^(-1)-1/24*cs^4*dl^4*dt^(-1)-1/8*u^4*dl^4*dt^(-1)+1/8*u^2*dl^4*dt^(-1)+1/12*cs^4*omega^(-1)*dl^4*dt^(-1)+cs^2*omega^(-1)*u^2*dl^4*dt^(-1)
D[1,1,1,1](u)
	5/6*omega^(-1)*rho*u^3*dl^4*dt^(-1)-1/3*omega^(-1)*rho*u*dl^4*dt^(-1)-1/4*cs^2*rho*u*dl^4*dt^(-1)+1/6*rho*u*dl^4*dt^(-1)+1/2*cs^2*omega^(-1)*rho*u*dl^4*dt^(-1)-5/12*rho*u^3*dl^4*dt^(-1)




LBMAT
output_d1q3_nse_srt_symbolic_pde_00.txt


Complete expression of PDE that can be directly imported to Maxima:
1/2*D[1,1](u)(t,x,y,z)*(2*omega^(-1)*rho(t,x,y,z)*dl^2*dt^(-1)*cs^2+6*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)^2*dl^2*dt^(-1)+rho(t,x,y,z)*dl^2*dt^(-1)-2*omega^(-1)*rho(t,x,y,z)*dl^2*dt^(-1)-3*rho(t,x,y,z)*u(t,x,y,z)^2*dl^2*dt^(-1)-rho(t,x,y,z)*dl^2*dt^(-1)*cs^2)+rho(t,x,y,z)*D[0](u)(t,x,y,z)-3*(rho(t,x,y,z)*u(t,x,y,z)*dl^2*dt^(-1)-2*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)*dl^2*dt^(-1))*D[1](u)(t,x,y,z)^2+u(t,x,y,z)*D[0](rho)(t,x,y,z)+(u(t,x,y,z)^2*dl*dt^(-1)+dl*dt^(-1)*cs^2)*D[1](rho)(t,x,y,z)-(2*omega^(-1)*dl^2*dt^(-1)+3*u(t,x,y,z)^2*dl^2*dt^(-1)+2*dl^2*dt^(-1)*cs^2-6*omega^(-1)*u(t,x,y,z)^2*dl^2*dt^(-1)-4*omega^(-1)*dl^2*dt^(-1)*cs^2-dl^2*dt^(-1))*D[1](rho)(t,x,y,z)*D[1](u)(t,x,y,z)+1/12*(36*omega^(-2)*u(t,x,y,z)^4*dl^3*dt^(-1)+144*omega^(-2)*u(t,x,y,z)^2*dl^3*dt^(-1)*cs^2+dl^3*dt^(-1)*cs^4-144*omega^(-1)*u(t,x,y,z)^2*dl^3*dt^(-1)*cs^2+12*omega^(-1)*dl^3*dt^(-1)*cs^2-7*u(t,x,y,z)^2*dl^3*dt^(-1)-36*omega^(-2)*u(t,x,y,z)^2*dl^3*dt^(-1)+12*omega^(-2)*dl^3*dt^(-1)*cs^4+7*u(t,x,y,z)^4*dl^3*dt^(-1)-36*omega^(-1)*u(t,x,y,z)^4*dl^3*dt^(-1)-12*omega^(-2)*dl^3*dt^(-1)*cs^2-dl^3*dt^(-1)*cs^2+36*omega^(-1)*u(t,x,y,z)^2*dl^3*dt^(-1)+24*u(t,x,y,z)^2*dl^3*dt^(-1)*cs^2-12*omega^(-1)*dl^3*dt^(-1)*cs^4)*D[1,1,1](rho)(t,x,y,z)-1/12*(u(t,x,y,z)*dl^4*dt^(-1)-234*omega^(-2)*u(t,x,y,z)^3*dl^4*dt^(-1)-12*omega^(-3)*u(t,x,y,z)*dl^4*dt^(-1)-90*omega^(-1)*u(t,x,y,z)^5*dl^4*dt^(-1)+78*omega^(-1)*u(t,x,y,z)*dl^4*dt^(-1)*cs^2+5*u(t,x,y,z)*dl^4*dt^(-1)*cs^4-672*omega^(-3)*u(t,x,y,z)^3*dl^4*dt^(-1)*cs^2+156*omega^(-3)*u(t,x,y,z)^3*dl^4*dt^(-1)+34*u(t,x,y,z)^3*dl^4*dt^(-1)*cs^2-144*omega^(-3)*u(t,x,y,z)*dl^4*dt^(-1)*cs^4+18*omega^(-2)*u(t,x,y,z)*dl^4*dt^(-1)-198*omega^(-2)*u(t,x,y,z)*dl^4*dt^(-1)*cs^2-10*u(t,x,y,z)^3*dl^4*dt^(-1)+1008*omega^(-2)*u(t,x,y,z)^3*dl^4*dt^(-1)*cs^2+98*omega^(-1)*u(t,x,y,z)^3*dl^4*dt^(-1)-82*omega^(-1)*u(t,x,y,z)*dl^4*dt^(-1)*cs^4-6*u(t,x,y,z)*dl^4*dt^(-1)*cs^2+132*omega^(-3)*u(t,x,y,z)*dl^4*dt^(-1)*cs^2+216*omega^(-2)*u(t,x,y,z)*dl^4*dt^(-1)*cs^4-404*omega^(-1)*u(t,x,y,z)^3*dl^4*dt^(-1)*cs^2+216*omega^(-2)*u(t,x,y,z)^5*dl^4*dt^(-1)+9*u(t,x,y,z)^5*dl^4*dt^(-1)-144*omega^(-3)*u(t,x,y,z)^5*dl^4*dt^(-1)-8*omega^(-1)*u(t,x,y,z)*dl^4*dt^(-1))*D[1,1,1,1](rho)(t,x,y,z)-1/12*(29*rho(t,x,y,z)*u(t,x,y,z)^4*dl^4*dt^(-1)+18*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)*cs^2-504*omega^(-3)*rho(t,x,y,z)*u(t,x,y,z)^4*dl^4*dt^(-1)-14*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)-24*omega^(-3)*rho(t,x,y,z)*dl^4*dt^(-1)*cs^4-54*omega^(-2)*rho(t,x,y,z)*dl^4*dt^(-1)*cs^2+rho(t,x,y,z)*dl^4*dt^(-1)*cs^4-432*omega^(-3)*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)*cs^2+22*omega^(-1)*rho(t,x,y,z)*dl^4*dt^(-1)*cs^2-8*omega^(-1)*rho(t,x,y,z)*dl^4*dt^(-1)+252*omega^(-3)*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)+36*omega^(-3)*rho(t,x,y,z)*dl^4*dt^(-1)*cs^2-12*omega^(-3)*rho(t,x,y,z)*dl^4*dt^(-1)+36*omega^(-2)*rho(t,x,y,z)*dl^4*dt^(-1)*cs^4+154*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)+rho(t,x,y,z)*dl^4*dt^(-1)-378*omega^(-2)*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)-2*rho(t,x,y,z)*dl^4*dt^(-1)*cs^2-252*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)*cs^2-14*omega^(-1)*rho(t,x,y,z)*dl^4*dt^(-1)*cs^4-310*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)^4*dl^4*dt^(-1)+648*omega^(-2)*rho(t,x,y,z)*u(t,x,y,z)^2*dl^4*dt^(-1)*cs^2+18*omega^(-2)*rho(t,x,y,z)*dl^4*dt^(-1)+756*omega^(-2)*rho(t,x,y,z)*u(t,x,y,z)^4*dl^4*dt^(-1))*D[1,1,1,1](u)(t,x,y,z)+1/2*(6*omega^(-1)*u(t,x,y,z)*dl^2*dt^(-1)*cs^2+2*omega^(-1)*u(t,x,y,z)^3*dl^2*dt^(-1)-2*omega^(-1)*u(t,x,y,z)*dl^2*dt^(-1)+u(t,x,y,z)*dl^2*dt^(-1)-3*u(t,x,y,z)*dl^2*dt^(-1)*cs^2-u(t,x,y,z)^3*dl^2*dt^(-1))*D[1,1](rho)(t,x,y,z)+2*rho(t,x,y,z)*u(t,x,y,z)*D[1](u)(t,x,y,z)*dl*dt^(-1)+1/6*D[1,1,1](u)(t,x,y,z)*(11*rho(t,x,y,z)*u(t,x,y,z)^3*dl^3*dt^(-1)-4*rho(t,x,y,z)*u(t,x,y,z)*dl^3*dt^(-1)+5*rho(t,x,y,z)*u(t,x,y,z)*dl^3*dt^(-1)*cs^2-24*omega^(-2)*rho(t,x,y,z)*u(t,x,y,z)*dl^3*dt^(-1)+24*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)*dl^3*dt^(-1)+36*omega^(-2)*rho(t,x,y,z)*u(t,x,y,z)*dl^3*dt^(-1)*cs^2-36*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)*dl^3*dt^(-1)*cs^2-60*omega^(-1)*rho(t,x,y,z)*u(t,x,y,z)^3*dl^3*dt^(-1)+60*omega^(-2)*rho(t,x,y,z)*u(t,x,y,z)^3*dl^3*dt^(-1))=0


List of all coefficients of each partial derivatives:
D[1](rho)
	u^2*dl*dt^(-1)+dl*dt^(-1)*cs^2
D[1](u)
	2*rho*u*dl*dt^(-1)
D[0](rho)
	u
D[0](u)
	rho
D[1,1](rho)
	3*omega^(-1)*u*dl^2*dt^(-1)*cs^2+omega^(-1)*u^3*dl^2*dt^(-1)-omega^(-1)*u*dl^2*dt^(-1)+1/2*u*dl^2*dt^(-1)-3/2*u*dl^2*dt^(-1)*cs^2-1/2*u^3*dl^2*dt^(-1)
D[1,1](u)
	omega^(-1)*rho*dl^2*dt^(-1)*cs^2+3*omega^(-1)*rho*u^2*dl^2*dt^(-1)+1/2*rho*dl^2*dt^(-1)-omega^(-1)*rho*dl^2*dt^(-1)-3/2*rho*u^2*dl^2*dt^(-1)-1/2*rho*dl^2*dt^(-1)*cs^2
D[1,1,1](rho)
	3*omega^(-2)*u^4*dl^3*dt^(-1)+12*omega^(-2)*u^2*dl^3*dt^(-1)*cs^2+1/12*dl^3*dt^(-1)*cs^4-12*omega^(-1)*u^2*dl^3*dt^(-1)*cs^2+omega^(-1)*dl^3*dt^(-1)*cs^2-7/12*u^2*dl^3*dt^(-1)-3*omega^(-2)*u^2*dl^3*dt^(-1)+omega^(-2)*dl^3*dt^(-1)*cs^4+7/12*u^4*dl^3*dt^(-1)-3*omega^(-1)*u^4*dl^3*dt^(-1)-omega^(-2)*dl^3*dt^(-1)*cs^2-1/12*dl^3*dt^(-1)*cs^2+3*omega^(-1)*u^2*dl^3*dt^(-1)+2*u^2*dl^3*dt^(-1)*cs^2-omega^(-1)*dl^3*dt^(-1)*cs^4
D[1,1,1](u)
	11/6*rho*u^3*dl^3*dt^(-1)-2/3*rho*u*dl^3*dt^(-1)+5/6*rho*u*dl^3*dt^(-1)*cs^2-4*omega^(-2)*rho*u*dl^3*dt^(-1)+4*omega^(-1)*rho*u*dl^3*dt^(-1)+6*omega^(-2)*rho*u*dl^3*dt^(-1)*cs^2-6*omega^(-1)*rho*u*dl^3*dt^(-1)*cs^2-10*omega^(-1)*rho*u^3*dl^3*dt^(-1)+10*omega^(-2)*rho*u^3*dl^3*dt^(-1)
D[1,1,1,1](rho)
	-1/12*u*dl^4*dt^(-1)+39/2*omega^(-2)*u^3*dl^4*dt^(-1)+omega^(-3)*u*dl^4*dt^(-1)+15/2*omega^(-1)*u^5*dl^4*dt^(-1)-13/2*omega^(-1)*u*dl^4*dt^(-1)*cs^2-5/12*u*dl^4*dt^(-1)*cs^4+56*omega^(-3)*u^3*dl^4*dt^(-1)*cs^2-13*omega^(-3)*u^3*dl^4*dt^(-1)-17/6*u^3*dl^4*dt^(-1)*cs^2+12*omega^(-3)*u*dl^4*dt^(-1)*cs^4-3/2*omega^(-2)*u*dl^4*dt^(-1)+33/2*omega^(-2)*u*dl^4*dt^(-1)*cs^2+5/6*u^3*dl^4*dt^(-1)-84*omega^(-2)*u^3*dl^4*dt^(-1)*cs^2-49/6*omega^(-1)*u^3*dl^4*dt^(-1)+41/6*omega^(-1)*u*dl^4*dt^(-1)*cs^4+1/2*u*dl^4*dt^(-1)*cs^2-11*omega^(-3)*u*dl^4*dt^(-1)*cs^2-18*omega^(-2)*u*dl^4*dt^(-1)*cs^4+101/3*omega^(-1)*u^3*dl^4*dt^(-1)*cs^2-18*omega^(-2)*u^5*dl^4*dt^(-1)-3/4*u^5*dl^4*dt^(-1)+12*omega^(-3)*u^5*dl^4*dt^(-1)+2/3*omega^(-1)*u*dl^4*dt^(-1)
D[1,1,1,1](u)
	-29/12*rho*u^4*dl^4*dt^(-1)-3/2*rho*u^2*dl^4*dt^(-1)*cs^2+42*omega^(-3)*rho*u^4*dl^4*dt^(-1)+7/6*rho*u^2*dl^4*dt^(-1)+2*omega^(-3)*rho*dl^4*dt^(-1)*cs^4+9/2*omega^(-2)*rho*dl^4*dt^(-1)*cs^2-1/12*rho*dl^4*dt^(-1)*cs^4+36*omega^(-3)*rho*u^2*dl^4*dt^(-1)*cs^2-11/6*omega^(-1)*rho*dl^4*dt^(-1)*cs^2+2/3*omega^(-1)*rho*dl^4*dt^(-1)-21*omega^(-3)*rho*u^2*dl^4*dt^(-1)-3*omega^(-3)*rho*dl^4*dt^(-1)*cs^2+omega^(-3)*rho*dl^4*dt^(-1)-3*omega^(-2)*rho*dl^4*dt^(-1)*cs^4-77/6*omega^(-1)*rho*u^2*dl^4*dt^(-1)-1/12*rho*dl^4*dt^(-1)+63/2*omega^(-2)*rho*u^2*dl^4*dt^(-1)+1/6*rho*dl^4*dt^(-1)*cs^2+21*omega^(-1)*rho*u^2*dl^4*dt^(-1)*cs^2+7/6*omega^(-1)*rho*dl^4*dt^(-1)*cs^4+155/6*omega^(-1)*rho*u^4*dl^4*dt^(-1)-54*omega^(-2)*rho*u^2*dl^4*dt^(-1)*cs^2-3/2*omega^(-2)*rho*dl^4*dt^(-1)-63*omega^(-2)*rho*u^4*dl^4*dt^(-1)
D[1](rho)  *  D[1](u)
	-2*omega^(-1)*dl^2*dt^(-1)-3*u^2*dl^2*dt^(-1)-2*dl^2*dt^(-1)*cs^2+6*omega^(-1)*u^2*dl^2*dt^(-1)+4*omega^(-1)*dl^2*dt^(-1)*cs^2+dl^2*dt^(-1)
D[1](u)  *  D[1](u)
	-3*rho*u*dl^2*dt^(-1)+6*omega^(-1)*rho*u*dl^2*dt^(-1)




LBMAT
output_d1q3_nse_srt_symbolic_pde_01.txt
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where:

= 36wv% — 361}% + ’7u.12'ui1 —12¢s% + 24w2v%cs2 +12wes? + 14411%052 +w?es? —12west — 144wvfcs2 +12¢s* —w?es? + 361}‘1L — 36(,«.11111 — 7w2vf

: 12 + 234wv% — 156uf + 900.)21)‘11 — 5w3es* — 18w — 132¢s? + 404w2vfcs2 + 198wes? =+ 6721}%652 =+ 82w3cs* — 9w3v411 — 216wes* —
1008wv?es? + 144es* — T8w?cs? 4+ 10w3v? + 144v] — 216wo] — w? — 34w3vics? — 98w vi + 6wcs? + 8w?

Eﬂ: 12 + 378wv% — 2521}% + 3100‘121111 — w3cs? — 18w — 36¢s? + 25202 vlcs —+ 54wes? —+ 4321;%1:52 —+ 14w?cs* — 29u,'31)‘1L — 36wes* —
648&)1)?052 + 24cst — 22w?cs? —+ 14w31}f + 504vil — 756wv‘1L —w? = 18w3v2052 — 154w2vf + 2w3cs? + Sw?

2.2 MRT
2.2.1 Definitions

Collision operator C:
C(f)=M7'S () —MF),

where
S = diag(wla w2, w3)7

wi,ws,ws € (0,2).

2.2.2 Conservation of mass equation

I
attached text file: output_di1q3_nse_mrtl_symbolic_pde_00.txt

dp | wid Op | pdi duy _ 2 2y 218} 8%p _ 2 2y P57 83u,

Pt e T e T (Sl 4 3es%) 1, oz3 + (=14 301 +es%) 135 ozd T

64 ot p
24&)361 d.], +

(24v3cs? + 3wsv? — 6vF + waces? — 2es? — 12wsv?es? + 2est — waest + 60 — 3wsvt) 5ls

4 2 2 _ 2 2y v1p8) 9tv; _
(—4 = 5w3vf + 1007 + 2ws — 3wses® + 6es?) 75 ot =0

2.2.3 Conservation of momentum equation

I
attached text file: output_di1q3_nse_mrtl_symbolic_pde_01.txt

81}1 2 2\6; 9p 2v1 pd; Ovy 9 2 2 _ 2 2\ 62 9p duy
v 22 % + pHt 4 (vi +cs )5t o+ g + (=2 — 3wsvi + 607 + w3 — 2wses® + 4es )w36t e et

2 2 o2
3 52 87 O
(2 — wg3) =L (%i) + (=2 — w3v? + 20% + w3 — 3wscs? + 6¢s?) 21:3(’” —m? +

w36t
2 2 - 3 3
(=2 = Buws0} 4 607 + wy — wacs? + 2es) g Gt + Oy, 524 +
3
(—24 + 5w3cs? — 60wzv] + 60vF + 24wz — 4w3 + 1wivd — 36wgcs + 36cs2) 200 01 4[] o0, +

6w§5t (')m‘;’ 12w35t awl
p§ o* ’U1 o O
12w38, Oz




Complete expression of PDE that can be directly imported to Maxima:
1/12*(dt^(-1)*u(t,x,y,z)^3*dl^3+3*dt^(-1)*u(t,x,y,z)*cs^2*dl^3-dt^(-1)*u(t,x,y,z)*dl^3)*D[1,1,1](rho)(t,x,y,z)+dt^(-1)*u(t,x,y,z)*D[1](rho)(t,x,y,z)*dl-1/24*(6*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*dl^4+3*dt^(-1)*u(t,x,y,z)^4*dl^4-dt^(-1)*cs^2*dl^4-2*omega_3^(-1)*dt^(-1)*cs^4*dl^4-6*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^4*dl^4-3*dt^(-1)*u(t,x,y,z)^2*dl^4+12*dt^(-1)*u(t,x,y,z)^2*cs^2*dl^4-24*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*cs^2*dl^4+dt^(-1)*cs^4*dl^4+2*omega_3^(-1)*dt^(-1)*cs^2*dl^4)*D[1,1,1,1](rho)(t,x,y,z)-1/12*(5*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)*dl^4+4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*dl^4-10*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)*dl^4+3*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*cs^2*dl^4-2*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*dl^4-6*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*cs^2*dl^4)*D[1,1,1,1](u)(t,x,y,z)+D[0](rho)(t,x,y,z)+1/12*(3*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)*dl^3-dt^(-1)*rho(t,x,y,z)*dl^3+dt^(-1)*rho(t,x,y,z)*cs^2*dl^3)*D[1,1,1](u)(t,x,y,z)+dt^(-1)*rho(t,x,y,z)*D[1](u)(t,x,y,z)*dl=0


List of all coefficients of each partial derivatives:
D[1](rho)
	dt^(-1)*u*dl
D[1](u)
	dt^(-1)*rho*dl
D[0](rho)
	1
D[1,1,1](rho)
	1/12*dt^(-1)*u^3*dl^3+1/4*dt^(-1)*u*cs^2*dl^3-1/12*dt^(-1)*u*dl^3
D[1,1,1](u)
	1/4*dt^(-1)*u^2*rho*dl^3-1/12*dt^(-1)*rho*dl^3+1/12*dt^(-1)*rho*cs^2*dl^3
D[1,1,1,1](rho)
	-1/4*omega_3^(-1)*dt^(-1)*u^2*dl^4-1/8*dt^(-1)*u^4*dl^4+1/24*dt^(-1)*cs^2*dl^4+1/12*omega_3^(-1)*dt^(-1)*cs^4*dl^4+1/4*omega_3^(-1)*dt^(-1)*u^4*dl^4+1/8*dt^(-1)*u^2*dl^4-1/2*dt^(-1)*u^2*cs^2*dl^4+omega_3^(-1)*dt^(-1)*u^2*cs^2*dl^4-1/24*dt^(-1)*cs^4*dl^4-1/12*omega_3^(-1)*dt^(-1)*cs^2*dl^4
D[1,1,1,1](u)
	-5/12*dt^(-1)*u^3*rho*dl^4-1/3*omega_3^(-1)*dt^(-1)*u*rho*dl^4+5/6*omega_3^(-1)*dt^(-1)*u^3*rho*dl^4-1/4*dt^(-1)*u*rho*cs^2*dl^4+1/6*dt^(-1)*u*rho*dl^4+1/2*omega_3^(-1)*dt^(-1)*u*rho*cs^2*dl^4
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Complete expression of PDE that can be directly imported to Maxima:
(dt^(-1)*u(t,x,y,z)^2*dl+dt^(-1)*cs^2*dl)*D[1](rho)(t,x,y,z)-1/12*(36*omega_3^(-3)*dt^(-1)*cs^2*rho(t,x,y,z)*dl^4-432*omega_3^(-3)*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4-12*omega_3^(-3)*dt^(-1)*rho(t,x,y,z)*dl^4+252*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4-24*omega_3^(-3)*dt^(-1)*cs^4*rho(t,x,y,z)*dl^4+dt^(-1)*rho(t,x,y,z)*dl^4-504*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)*dl^4+18*omega_3^(-2)*dt^(-1)*rho(t,x,y,z)*dl^4+18*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4+756*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)*dl^4+36*omega_3^(-2)*dt^(-1)*cs^4*rho(t,x,y,z)*dl^4-14*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4-14*omega_3^(-1)*dt^(-1)*cs^4*rho(t,x,y,z)*dl^4-310*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)*dl^4-2*dt^(-1)*cs^2*rho(t,x,y,z)*dl^4+648*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4-378*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4-54*omega_3^(-2)*dt^(-1)*cs^2*rho(t,x,y,z)*dl^4-252*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4+29*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)*dl^4+22*omega_3^(-1)*dt^(-1)*cs^2*rho(t,x,y,z)*dl^4+154*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)*dl^4+dt^(-1)*cs^4*rho(t,x,y,z)*dl^4-8*omega_3^(-1)*dt^(-1)*rho(t,x,y,z)*dl^4)*D[1,1,1,1](u)(t,x,y,z)-1/2*(dt^(-1)*u(t,x,y,z)^3*dl^2-6*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)*dl^2+2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*dl^2+3*dt^(-1)*cs^2*u(t,x,y,z)*dl^2-2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3*dl^2-dt^(-1)*u(t,x,y,z)*dl^2)*D[1,1](rho)(t,x,y,z)-1/12*(36*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^2*dl^3-12*omega_3^(-1)*dt^(-1)*cs^2*dl^3-dt^(-1)*cs^4*dl^3-12*omega_3^(-2)*dt^(-1)*cs^4*dl^3+7*dt^(-1)*u(t,x,y,z)^2*dl^3+36*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^4*dl^3-24*dt^(-1)*cs^2*u(t,x,y,z)^2*dl^3+12*omega_3^(-2)*dt^(-1)*cs^2*dl^3+144*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)^2*dl^3-7*dt^(-1)*u(t,x,y,z)^4*dl^3-36*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*dl^3-36*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^4*dl^3+12*omega_3^(-1)*dt^(-1)*cs^4*dl^3+dt^(-1)*cs^2*dl^3-144*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)^2*dl^3)*D[1,1,1](rho)(t,x,y,z)-1/12*(9*dt^(-1)*u(t,x,y,z)^5*dl^4-12*omega_3^(-3)*dt^(-1)*u(t,x,y,z)*dl^4+34*dt^(-1)*cs^2*u(t,x,y,z)^3*dl^4+216*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^5*dl^4+132*omega_3^(-3)*dt^(-1)*cs^2*u(t,x,y,z)*dl^4-144*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^5*dl^4+1008*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)^3*dl^4+18*omega_3^(-2)*dt^(-1)*u(t,x,y,z)*dl^4-404*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)^3*dl^4+dt^(-1)*u(t,x,y,z)*dl^4-144*omega_3^(-3)*dt^(-1)*cs^4*u(t,x,y,z)*dl^4+98*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3*dl^4-672*omega_3^(-3)*dt^(-1)*cs^2*u(t,x,y,z)^3*dl^4-6*dt^(-1)*cs^2*u(t,x,y,z)*dl^4+156*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^3*dl^4-82*omega_3^(-1)*dt^(-1)*cs^4*u(t,x,y,z)*dl^4+216*omega_3^(-2)*dt^(-1)*cs^4*u(t,x,y,z)*dl^4-90*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^5*dl^4-8*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*dl^4+5*dt^(-1)*cs^4*u(t,x,y,z)*dl^4-10*dt^(-1)*u(t,x,y,z)^3*dl^4+78*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)*dl^4-198*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)*dl^4-234*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^3*dl^4)*D[1,1,1,1](rho)(t,x,y,z)+rho(t,x,y,z)*D[0](u)(t,x,y,z)-3*D[1](u)(t,x,y,z)^2*(dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*dl^2-2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*dl^2)+2*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*D[1](u)(t,x,y,z)*dl+u(t,x,y,z)*D[0](rho)(t,x,y,z)-(3*dt^(-1)*u(t,x,y,z)^2*dl^2-4*omega_3^(-1)*dt^(-1)*cs^2*dl^2-dt^(-1)*dl^2+2*dt^(-1)*cs^2*dl^2+2*omega_3^(-1)*dt^(-1)*dl^2-6*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*dl^2)*D[1](rho)(t,x,y,z)*D[1](u)(t,x,y,z)+1/6*(5*dt^(-1)*cs^2*u(t,x,y,z)*rho(t,x,y,z)*dl^3+36*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)*rho(t,x,y,z)*dl^3+60*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)*dl^3-4*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*dl^3-60*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)*dl^3+24*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*dl^3+11*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)*dl^3-36*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)*rho(t,x,y,z)*dl^3-24*omega_3^(-2)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*dl^3)*D[1,1,1](u)(t,x,y,z)+1/2*(6*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)*dl^2-2*omega_3^(-1)*dt^(-1)*rho(t,x,y,z)*dl^2+2*omega_3^(-1)*dt^(-1)*cs^2*rho(t,x,y,z)*dl^2-dt^(-1)*cs^2*rho(t,x,y,z)*dl^2-3*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)*dl^2+dt^(-1)*rho(t,x,y,z)*dl^2)*D[1,1](u)(t,x,y,z)=0


List of all coefficients of each partial derivatives:
D[1](rho)
	dt^(-1)*u^2*dl+dt^(-1)*cs^2*dl
D[1](u)
	2*dt^(-1)*u*rho*dl
D[0](rho)
	u
D[0](u)
	rho
D[1,1](rho)
	-1/2*dt^(-1)*u^3*dl^2+3*omega_3^(-1)*dt^(-1)*cs^2*u*dl^2-omega_3^(-1)*dt^(-1)*u*dl^2-3/2*dt^(-1)*cs^2*u*dl^2+omega_3^(-1)*dt^(-1)*u^3*dl^2+1/2*dt^(-1)*u*dl^2
D[1,1](u)
	3*omega_3^(-1)*dt^(-1)*u^2*rho*dl^2-omega_3^(-1)*dt^(-1)*rho*dl^2+omega_3^(-1)*dt^(-1)*cs^2*rho*dl^2-1/2*dt^(-1)*cs^2*rho*dl^2-3/2*dt^(-1)*u^2*rho*dl^2+1/2*dt^(-1)*rho*dl^2
D[1,1,1](rho)
	-3*omega_3^(-2)*dt^(-1)*u^2*dl^3+omega_3^(-1)*dt^(-1)*cs^2*dl^3+1/12*dt^(-1)*cs^4*dl^3+omega_3^(-2)*dt^(-1)*cs^4*dl^3-7/12*dt^(-1)*u^2*dl^3-3*omega_3^(-1)*dt^(-1)*u^4*dl^3+2*dt^(-1)*cs^2*u^2*dl^3-omega_3^(-2)*dt^(-1)*cs^2*dl^3-12*omega_3^(-1)*dt^(-1)*cs^2*u^2*dl^3+7/12*dt^(-1)*u^4*dl^3+3*omega_3^(-1)*dt^(-1)*u^2*dl^3+3*omega_3^(-2)*dt^(-1)*u^4*dl^3-omega_3^(-1)*dt^(-1)*cs^4*dl^3-1/12*dt^(-1)*cs^2*dl^3+12*omega_3^(-2)*dt^(-1)*cs^2*u^2*dl^3
D[1,1,1](u)
	5/6*dt^(-1)*cs^2*u*rho*dl^3+6*omega_3^(-2)*dt^(-1)*cs^2*u*rho*dl^3+10*omega_3^(-2)*dt^(-1)*u^3*rho*dl^3-2/3*dt^(-1)*u*rho*dl^3-10*omega_3^(-1)*dt^(-1)*u^3*rho*dl^3+4*omega_3^(-1)*dt^(-1)*u*rho*dl^3+11/6*dt^(-1)*u^3*rho*dl^3-6*omega_3^(-1)*dt^(-1)*cs^2*u*rho*dl^3-4*omega_3^(-2)*dt^(-1)*u*rho*dl^3
D[1,1,1,1](rho)
	-3/4*dt^(-1)*u^5*dl^4+omega_3^(-3)*dt^(-1)*u*dl^4-17/6*dt^(-1)*cs^2*u^3*dl^4-18*omega_3^(-2)*dt^(-1)*u^5*dl^4-11*omega_3^(-3)*dt^(-1)*cs^2*u*dl^4+12*omega_3^(-3)*dt^(-1)*u^5*dl^4-84*omega_3^(-2)*dt^(-1)*cs^2*u^3*dl^4-3/2*omega_3^(-2)*dt^(-1)*u*dl^4+101/3*omega_3^(-1)*dt^(-1)*cs^2*u^3*dl^4-1/12*dt^(-1)*u*dl^4+12*omega_3^(-3)*dt^(-1)*cs^4*u*dl^4-49/6*omega_3^(-1)*dt^(-1)*u^3*dl^4+56*omega_3^(-3)*dt^(-1)*cs^2*u^3*dl^4+1/2*dt^(-1)*cs^2*u*dl^4-13*omega_3^(-3)*dt^(-1)*u^3*dl^4+41/6*omega_3^(-1)*dt^(-1)*cs^4*u*dl^4-18*omega_3^(-2)*dt^(-1)*cs^4*u*dl^4+15/2*omega_3^(-1)*dt^(-1)*u^5*dl^4+2/3*omega_3^(-1)*dt^(-1)*u*dl^4-5/12*dt^(-1)*cs^4*u*dl^4+5/6*dt^(-1)*u^3*dl^4-13/2*omega_3^(-1)*dt^(-1)*cs^2*u*dl^4+33/2*omega_3^(-2)*dt^(-1)*cs^2*u*dl^4+39/2*omega_3^(-2)*dt^(-1)*u^3*dl^4
D[1,1,1,1](u)
	-3*omega_3^(-3)*dt^(-1)*cs^2*rho*dl^4+36*omega_3^(-3)*dt^(-1)*cs^2*u^2*rho*dl^4+omega_3^(-3)*dt^(-1)*rho*dl^4-21*omega_3^(-3)*dt^(-1)*u^2*rho*dl^4+2*omega_3^(-3)*dt^(-1)*cs^4*rho*dl^4-1/12*dt^(-1)*rho*dl^4+42*omega_3^(-3)*dt^(-1)*u^4*rho*dl^4-3/2*omega_3^(-2)*dt^(-1)*rho*dl^4-3/2*dt^(-1)*cs^2*u^2*rho*dl^4-63*omega_3^(-2)*dt^(-1)*u^4*rho*dl^4-3*omega_3^(-2)*dt^(-1)*cs^4*rho*dl^4+7/6*dt^(-1)*u^2*rho*dl^4+7/6*omega_3^(-1)*dt^(-1)*cs^4*rho*dl^4+155/6*omega_3^(-1)*dt^(-1)*u^4*rho*dl^4+1/6*dt^(-1)*cs^2*rho*dl^4-54*omega_3^(-2)*dt^(-1)*cs^2*u^2*rho*dl^4+63/2*omega_3^(-2)*dt^(-1)*u^2*rho*dl^4+9/2*omega_3^(-2)*dt^(-1)*cs^2*rho*dl^4+21*omega_3^(-1)*dt^(-1)*cs^2*u^2*rho*dl^4-29/12*dt^(-1)*u^4*rho*dl^4-11/6*omega_3^(-1)*dt^(-1)*cs^2*rho*dl^4-77/6*omega_3^(-1)*dt^(-1)*u^2*rho*dl^4-1/12*dt^(-1)*cs^4*rho*dl^4+2/3*omega_3^(-1)*dt^(-1)*rho*dl^4
D[1](rho)  *  D[1](u)
	-3*dt^(-1)*u^2*dl^2+4*omega_3^(-1)*dt^(-1)*cs^2*dl^2+dt^(-1)*dl^2-2*dt^(-1)*cs^2*dl^2-2*omega_3^(-1)*dt^(-1)*dl^2+6*omega_3^(-1)*dt^(-1)*u^2*dl^2
D[1](u)  *  D[1](u)
	-3*dt^(-1)*u*rho*dl^2+6*omega_3^(-1)*dt^(-1)*u*rho*dl^2
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where:

= —w§ch +7w§’u%+36w3vf+12c’s4 —3611% — 12w;,cs4+24w§cszvf —144ws cs2vf —7w§v%+w§ cs4+144cszv%+36v%+12w;,cs2 —?;(iwg'ui1 —12¢s?

: 12 — 78w§ch —+ E)Oo.)g'ui1 —+ 234w3vf —+ 144cs* — 1561}% — 216wgcs4 — 18ws — wg — 9&)31)411 —+ ngCSQ =+ 8w§ + 404w§cs2vf — 5wgcs4 —+
10w‘§1}f — 1008w3cs2vf — 980.)32,1)% — 34w§cs2vf + 82w§cs4 + 672cs2vf —+ 1441);1 —+ 198:,\13cs2 - 2160.;311? — 132¢s?

Ez: 12 — 22w§cs2 —+ 310(4.)51/;L + 378w3vf + 24cs* — 2521}% — 36w3cs4 — 18wz — wg — 299.)%1)‘11 —+ 2wgcs2 —+ 8w§ + 252w§cs2vf — wgcs4 +
14w§’vf — 648&13652’0% — 154w§vf — 18w§’c52vf + 14w§cs4 + 432652’0? + 5041)11 + 54w3¢252 — 7560.)31;1L — 36¢s?

2.3 CLBM

2.3.1 Definitions

Collision operator C":

C(f) =K 'S (s — Kf),

where
S = diag(wla w2, W3),

wi,ws,ws € (0,2).
Matrix K corresponds to the transformation matrix to the central moment basis defined by

T
K= (’f(o»’f(l)v’f(z))

and is given by
1 1 1
K=[-v 1-v -v-1
v? (1—v1)? (v +1)2

The equilibrium central moments are defined by
k(€D = KM~ pled)

ie.,

T
KD = (p.0,pe2) .

2.3.2 Conservation of mass equation

I
attached text file: output_d1q3_nse_clbml_symbolic_pde_00.txt

dp div1 Op Si1p Oy _ 2 2\ 07v1 8%p _ 2 2\ 67 p 93w,
ot T %5t oay T Sroay T (S A vl +3es%) 355, of + (Z1 4 3v1 +es%) gy G

(Bwsv? 4 2¢st + 60T + wses? — 6vF — waest + 24vies? — 12wzvies? — 3wzv] — 2¢s?)

&9
24&)3 6t 81“11

4 2 2 2 2\ Sfvip 9wy _
(—4 = bw3vi — 3wzes® + 2ws + 1007 + 6es) 735 praa

2.3.3 Conservation of momentum equation

I
attached text file: output_di1q3_nse_clbml_symbolic_pde_01.txt



Complete expression of PDE that can be directly imported to Maxima:
dl*D[1](u)(t,x,y,z)*dt^(-1)*rho(t,x,y,z)+1/12*D[1,1,1,1](u)(t,x,y,z)*(10*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)-5*dl^4*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)-3*dl^4*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*cs^2+2*dl^4*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)-4*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)+6*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)*cs^2)+dl*D[1](rho)(t,x,y,z)*dt^(-1)*u(t,x,y,z)+1/12*(dl^3*dt^(-1)*rho(t,x,y,z)*cs^2-dl^3*dt^(-1)*rho(t,x,y,z)+3*dl^3*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z))*D[1,1,1](u)(t,x,y,z)+D[0](rho)(t,x,y,z)-1/24*(2*dl^4*omega_3^(-1)*dt^(-1)*cs^2+3*dl^4*dt^(-1)*u(t,x,y,z)^4+12*dl^4*dt^(-1)*u(t,x,y,z)^2*cs^2+dl^4*dt^(-1)*cs^4+6*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2-24*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*cs^2-dl^4*dt^(-1)*cs^2-6*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^4-2*dl^4*omega_3^(-1)*dt^(-1)*cs^4-3*dl^4*dt^(-1)*u(t,x,y,z)^2)*D[1,1,1,1](rho)(t,x,y,z)+1/12*(dl^3*dt^(-1)*u(t,x,y,z)^3+3*dl^3*dt^(-1)*u(t,x,y,z)*cs^2-dl^3*dt^(-1)*u(t,x,y,z))*D[1,1,1](rho)(t,x,y,z)=0


List of all coefficients of each partial derivatives:
D[1](rho)
	dl*dt^(-1)*u
D[1](u)
	dl*dt^(-1)*rho
D[0](rho)
	1
D[1,1,1](rho)
	1/12*dl^3*dt^(-1)*u^3+1/4*dl^3*dt^(-1)*u*cs^2-1/12*dl^3*dt^(-1)*u
D[1,1,1](u)
	1/12*dl^3*dt^(-1)*rho*cs^2-1/12*dl^3*dt^(-1)*rho+1/4*dl^3*dt^(-1)*u^2*rho
D[1,1,1,1](rho)
	-1/12*dl^4*omega_3^(-1)*dt^(-1)*cs^2-1/8*dl^4*dt^(-1)*u^4-1/2*dl^4*dt^(-1)*u^2*cs^2-1/24*dl^4*dt^(-1)*cs^4-1/4*dl^4*omega_3^(-1)*dt^(-1)*u^2+dl^4*omega_3^(-1)*dt^(-1)*u^2*cs^2+1/24*dl^4*dt^(-1)*cs^2+1/4*dl^4*omega_3^(-1)*dt^(-1)*u^4+1/12*dl^4*omega_3^(-1)*dt^(-1)*cs^4+1/8*dl^4*dt^(-1)*u^2
D[1,1,1,1](u)
	5/6*dl^4*omega_3^(-1)*dt^(-1)*u^3*rho-5/12*dl^4*dt^(-1)*u^3*rho-1/4*dl^4*dt^(-1)*u*rho*cs^2+1/6*dl^4*dt^(-1)*u*rho-1/3*dl^4*omega_3^(-1)*dt^(-1)*u*rho+1/2*dl^4*omega_3^(-1)*dt^(-1)*u*rho*cs^2




LBMAT
output_d1q3_nse_clbm1_symbolic_pde_00.txt


Complete expression of PDE that can be directly imported to Maxima:
1/12*(24*dl^4*omega_3^(-3)*dt^(-1)*cs^4*rho(t,x,y,z)+504*dl^4*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)+8*dl^4*omega_3^(-1)*dt^(-1)*rho(t,x,y,z)+12*dl^4*omega_3^(-3)*dt^(-1)*rho(t,x,y,z)-154*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)-22*dl^4*omega_3^(-1)*dt^(-1)*cs^2*rho(t,x,y,z)-36*dl^4*omega_3^(-2)*dt^(-1)*cs^4*rho(t,x,y,z)+432*dl^4*omega_3^(-3)*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)+2*dl^4*dt^(-1)*cs^2*rho(t,x,y,z)-756*dl^4*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)+14*dl^4*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)+252*dl^4*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)-dl^4*dt^(-1)*rho(t,x,y,z)-36*dl^4*omega_3^(-3)*dt^(-1)*cs^2*rho(t,x,y,z)-252*dl^4*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)-648*dl^4*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)+54*dl^4*omega_3^(-2)*dt^(-1)*cs^2*rho(t,x,y,z)-dl^4*dt^(-1)*cs^4*rho(t,x,y,z)+378*dl^4*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)-29*dl^4*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)-18*dl^4*dt^(-1)*cs^2*u(t,x,y,z)^2*rho(t,x,y,z)+310*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^4*rho(t,x,y,z)-18*dl^4*omega_3^(-2)*dt^(-1)*rho(t,x,y,z)+14*dl^4*omega_3^(-1)*dt^(-1)*cs^4*rho(t,x,y,z))*D[1,1,1,1](u)(t,x,y,z)-(2*dl^2*omega_3^(-1)*dt^(-1)+3*dl^2*dt^(-1)*u(t,x,y,z)^2+2*dl^2*dt^(-1)*cs^2-dl^2*dt^(-1)-6*dl^2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2-4*dl^2*omega_3^(-1)*dt^(-1)*cs^2)*D[1](u)(t,x,y,z)*D[1](rho)(t,x,y,z)+D[0](u)(t,x,y,z)*rho(t,x,y,z)+2*dl*D[1](u)(t,x,y,z)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)+D[1](rho)(t,x,y,z)*(dl*dt^(-1)*cs^2+dl*dt^(-1)*u(t,x,y,z)^2)+D[0](rho)(t,x,y,z)*u(t,x,y,z)-1/12*(34*dl^4*dt^(-1)*cs^2*u(t,x,y,z)^3-8*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)-404*dl^4*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)^3-144*dl^4*omega_3^(-3)*dt^(-1)*cs^4*u(t,x,y,z)+9*dl^4*dt^(-1)*u(t,x,y,z)^5+156*dl^4*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^3+98*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3+216*dl^4*omega_3^(-2)*dt^(-1)*cs^4*u(t,x,y,z)-6*dl^4*dt^(-1)*cs^2*u(t,x,y,z)+216*dl^4*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^5-12*dl^4*omega_3^(-3)*dt^(-1)*u(t,x,y,z)+78*dl^4*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)+dl^4*dt^(-1)*u(t,x,y,z)+132*dl^4*omega_3^(-3)*dt^(-1)*cs^2*u(t,x,y,z)-234*dl^4*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^3-90*dl^4*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^5+1008*dl^4*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)^3+18*dl^4*omega_3^(-2)*dt^(-1)*u(t,x,y,z)-672*dl^4*omega_3^(-3)*dt^(-1)*cs^2*u(t,x,y,z)^3-144*dl^4*omega_3^(-3)*dt^(-1)*u(t,x,y,z)^5-10*dl^4*dt^(-1)*u(t,x,y,z)^3-82*dl^4*omega_3^(-1)*dt^(-1)*cs^4*u(t,x,y,z)-198*dl^4*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)+5*dl^4*dt^(-1)*cs^4*u(t,x,y,z))*D[1,1,1,1](rho)(t,x,y,z)+1/6*(60*dl^3*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)+24*dl^3*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)-4*dl^3*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)+36*dl^3*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)*rho(t,x,y,z)+5*dl^3*dt^(-1)*cs^2*u(t,x,y,z)*rho(t,x,y,z)+11*dl^3*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)-60*dl^3*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3*rho(t,x,y,z)-36*dl^3*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)*rho(t,x,y,z)-24*dl^3*omega_3^(-2)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z))*D[1,1,1](u)(t,x,y,z)-3*D[1](u)(t,x,y,z)^2*(dl^2*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z)-2*dl^2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)*rho(t,x,y,z))+1/2*D[1,1](rho)(t,x,y,z)*(6*dl^2*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)-2*dl^2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)-dl^2*dt^(-1)*u(t,x,y,z)^3+dl^2*dt^(-1)*u(t,x,y,z)-3*dl^2*dt^(-1)*cs^2*u(t,x,y,z)+2*dl^2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^3)-1/12*D[1,1,1](rho)(t,x,y,z)*(7*dl^3*dt^(-1)*u(t,x,y,z)^2+dl^3*dt^(-1)*cs^2+36*dl^3*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^2+12*dl^3*omega_3^(-2)*dt^(-1)*cs^2+12*dl^3*omega_3^(-1)*dt^(-1)*cs^4+36*dl^3*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^4-144*dl^3*omega_3^(-2)*dt^(-1)*cs^2*u(t,x,y,z)^2-12*dl^3*omega_3^(-1)*dt^(-1)*cs^2-36*dl^3*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2-36*dl^3*omega_3^(-2)*dt^(-1)*u(t,x,y,z)^4-12*dl^3*omega_3^(-2)*dt^(-1)*cs^4+144*dl^3*omega_3^(-1)*dt^(-1)*cs^2*u(t,x,y,z)^2-7*dl^3*dt^(-1)*u(t,x,y,z)^4-24*dl^3*dt^(-1)*cs^2*u(t,x,y,z)^2-dl^3*dt^(-1)*cs^4)+1/2*(2*dl^2*omega_3^(-1)*dt^(-1)*cs^2*rho(t,x,y,z)+6*dl^2*omega_3^(-1)*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z)-2*dl^2*omega_3^(-1)*dt^(-1)*rho(t,x,y,z)-dl^2*dt^(-1)*cs^2*rho(t,x,y,z)+dl^2*dt^(-1)*rho(t,x,y,z)-3*dl^2*dt^(-1)*u(t,x,y,z)^2*rho(t,x,y,z))*D[1,1](u)(t,x,y,z)=0


List of all coefficients of each partial derivatives:
D[1](rho)
	dl*dt^(-1)*cs^2+dl*dt^(-1)*u^2
D[1](u)
	2*dl*dt^(-1)*u*rho
D[0](rho)
	u
D[0](u)
	rho
D[1,1](rho)
	3*dl^2*omega_3^(-1)*dt^(-1)*cs^2*u-dl^2*omega_3^(-1)*dt^(-1)*u-1/2*dl^2*dt^(-1)*u^3+1/2*dl^2*dt^(-1)*u-3/2*dl^2*dt^(-1)*cs^2*u+dl^2*omega_3^(-1)*dt^(-1)*u^3
D[1,1](u)
	dl^2*omega_3^(-1)*dt^(-1)*cs^2*rho+3*dl^2*omega_3^(-1)*dt^(-1)*u^2*rho-dl^2*omega_3^(-1)*dt^(-1)*rho-1/2*dl^2*dt^(-1)*cs^2*rho+1/2*dl^2*dt^(-1)*rho-3/2*dl^2*dt^(-1)*u^2*rho
D[1,1,1](rho)
	-7/12*dl^3*dt^(-1)*u^2-1/12*dl^3*dt^(-1)*cs^2-3*dl^3*omega_3^(-2)*dt^(-1)*u^2-dl^3*omega_3^(-2)*dt^(-1)*cs^2-dl^3*omega_3^(-1)*dt^(-1)*cs^4-3*dl^3*omega_3^(-1)*dt^(-1)*u^4+12*dl^3*omega_3^(-2)*dt^(-1)*cs^2*u^2+dl^3*omega_3^(-1)*dt^(-1)*cs^2+3*dl^3*omega_3^(-1)*dt^(-1)*u^2+3*dl^3*omega_3^(-2)*dt^(-1)*u^4+dl^3*omega_3^(-2)*dt^(-1)*cs^4-12*dl^3*omega_3^(-1)*dt^(-1)*cs^2*u^2+7/12*dl^3*dt^(-1)*u^4+2*dl^3*dt^(-1)*cs^2*u^2+1/12*dl^3*dt^(-1)*cs^4
D[1,1,1](u)
	10*dl^3*omega_3^(-2)*dt^(-1)*u^3*rho+4*dl^3*omega_3^(-1)*dt^(-1)*u*rho-2/3*dl^3*dt^(-1)*u*rho+6*dl^3*omega_3^(-2)*dt^(-1)*cs^2*u*rho+5/6*dl^3*dt^(-1)*cs^2*u*rho+11/6*dl^3*dt^(-1)*u^3*rho-10*dl^3*omega_3^(-1)*dt^(-1)*u^3*rho-6*dl^3*omega_3^(-1)*dt^(-1)*cs^2*u*rho-4*dl^3*omega_3^(-2)*dt^(-1)*u*rho
D[1,1,1,1](rho)
	-17/6*dl^4*dt^(-1)*cs^2*u^3+2/3*dl^4*omega_3^(-1)*dt^(-1)*u+101/3*dl^4*omega_3^(-1)*dt^(-1)*cs^2*u^3+12*dl^4*omega_3^(-3)*dt^(-1)*cs^4*u-3/4*dl^4*dt^(-1)*u^5-13*dl^4*omega_3^(-3)*dt^(-1)*u^3-49/6*dl^4*omega_3^(-1)*dt^(-1)*u^3-18*dl^4*omega_3^(-2)*dt^(-1)*cs^4*u+1/2*dl^4*dt^(-1)*cs^2*u-18*dl^4*omega_3^(-2)*dt^(-1)*u^5+dl^4*omega_3^(-3)*dt^(-1)*u-13/2*dl^4*omega_3^(-1)*dt^(-1)*cs^2*u-1/12*dl^4*dt^(-1)*u-11*dl^4*omega_3^(-3)*dt^(-1)*cs^2*u+39/2*dl^4*omega_3^(-2)*dt^(-1)*u^3+15/2*dl^4*omega_3^(-1)*dt^(-1)*u^5-84*dl^4*omega_3^(-2)*dt^(-1)*cs^2*u^3-3/2*dl^4*omega_3^(-2)*dt^(-1)*u+56*dl^4*omega_3^(-3)*dt^(-1)*cs^2*u^3+12*dl^4*omega_3^(-3)*dt^(-1)*u^5+5/6*dl^4*dt^(-1)*u^3+41/6*dl^4*omega_3^(-1)*dt^(-1)*cs^4*u+33/2*dl^4*omega_3^(-2)*dt^(-1)*cs^2*u-5/12*dl^4*dt^(-1)*cs^4*u
D[1,1,1,1](u)
	2*dl^4*omega_3^(-3)*dt^(-1)*cs^4*rho+42*dl^4*omega_3^(-3)*dt^(-1)*u^4*rho+2/3*dl^4*omega_3^(-1)*dt^(-1)*rho+dl^4*omega_3^(-3)*dt^(-1)*rho-77/6*dl^4*omega_3^(-1)*dt^(-1)*u^2*rho-11/6*dl^4*omega_3^(-1)*dt^(-1)*cs^2*rho-3*dl^4*omega_3^(-2)*dt^(-1)*cs^4*rho+36*dl^4*omega_3^(-3)*dt^(-1)*cs^2*u^2*rho+1/6*dl^4*dt^(-1)*cs^2*rho-63*dl^4*omega_3^(-2)*dt^(-1)*u^4*rho+7/6*dl^4*dt^(-1)*u^2*rho+21*dl^4*omega_3^(-1)*dt^(-1)*cs^2*u^2*rho-1/12*dl^4*dt^(-1)*rho-3*dl^4*omega_3^(-3)*dt^(-1)*cs^2*rho-21*dl^4*omega_3^(-3)*dt^(-1)*u^2*rho-54*dl^4*omega_3^(-2)*dt^(-1)*cs^2*u^2*rho+9/2*dl^4*omega_3^(-2)*dt^(-1)*cs^2*rho-1/12*dl^4*dt^(-1)*cs^4*rho+63/2*dl^4*omega_3^(-2)*dt^(-1)*u^2*rho-29/12*dl^4*dt^(-1)*u^4*rho-3/2*dl^4*dt^(-1)*cs^2*u^2*rho+155/6*dl^4*omega_3^(-1)*dt^(-1)*u^4*rho-3/2*dl^4*omega_3^(-2)*dt^(-1)*rho+7/6*dl^4*omega_3^(-1)*dt^(-1)*cs^4*rho
D[1](rho)  *  D[1](u)
	-2*dl^2*omega_3^(-1)*dt^(-1)-3*dl^2*dt^(-1)*u^2-2*dl^2*dt^(-1)*cs^2+dl^2*dt^(-1)+6*dl^2*omega_3^(-1)*dt^(-1)*u^2+4*dl^2*omega_3^(-1)*dt^(-1)*cs^2
D[1](u)  *  D[1](u)
	-3*dl^2*dt^(-1)*u*rho+6*dl^2*omega_3^(-1)*dt^(-1)*u*rho
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P 6”1 o1 dp 20,v1p Ovr _ _ l2 6p vy
vigh + G + (v} +203 )5 o+ S5t gt + (-2 3w3v? — 2wses? + wsz + 6v? + 4des? ) o5 o et +
362vip (0 62v, 92
(2 —ws) =50 <faji> + (-2 — w3v? — Swgcs + w3 + 2v? + 6cs? ) 3as; aT?
6 53 5 p
(—2 — 3wzv? — w3cs? —|—w3+6v1—|—2cs)2w 712&@4_

5} 8 Sl 9t
(—24 — 60wzv? — 36wzcs® — 4w? + 24ws + 601}1 + 36¢s? + 11w3v? + bwics )610%15’? %xv,%l + % gxflf +
Stp 9wy
Calts 75, amvll =0,

where:

— 7w3v1 +w3cs +3GUJ3’U1+12UJ3CS +36v1+12cs +24wgcs vf—144w3cs2v%—36v%—120524—14405211%—7w§v%—wgcs2—36w3v%—12wgcs4

: 12 — wg + 900.)21)‘11 + 82w§cs4 + 234w3vf =+ 198w3052 + Swg — 5wgcs4 =+ 1441)1 — Qwsvl + 144cs* =+ 404w§0527jf — 18ws — 1008w30527jf +
6wics? — 15607 + 10wiv? — 132¢s? + 672¢s%v? — 98wivi — T8wies® — 3dwics?v? — 216wzv] — 216wzcs?

Q— 12 — w3 —+ 310(4.)31/1 —+ 14w3cs + 378w3v1 + 54w303 —+ 80.)3 — w§cs4 —+ 504'0;1 — 290.72'0‘11 —+ 24cs* —+ 252w§c520f — 18ws — 648(4}3682’0% +
2w3cs — 2521}1 + 14(,;131)1 — 36¢s? + 432¢s? v — 154w3v1 — 22w3cs — 18w§’cszvf — 756:,;)31;11 - 36w3cs4

3 Comparison of SRT, MRT, and CLBM

3.1 Conservation of mass equation

9p 9 Op. 9 Ovy. 0 p 0 P 8%, 0 5?@ 0) 16 8%vy _
T T Vs aa T P T O %,, 5t 923 +1Cbsa, ét o3 T Cbi pfs- az1 T Chiv,[or ot =0

where:

. (0)
coefficient CD:; ,

C(Q).SRT _ (71 + vf + 3652)%
(0),MRT1 __ 2 2
b3, = (—14v7 + 3cs )%
4(0),CLBM1 __ 2 2\
b3, =(—1+ 3cs +v1)1—§

coefficient C‘(O)l at
zV1

CE)OS? :IRT = (—1+3v7 + 052)%
(‘](Z)OQII\IIRTI = (—1+3v% + cs2)£

C(()) CLBM1 (_1 + (182 + 31)%)%

D3 vy
. (0)
coefficient C'; at
Dip E]
L,(0),SRT __ 4 2 2 2.2 2 2 2 4 4 2 4 1
‘i, = (2¢s® — 12vjwes® + 24vies® — 6vy + wes® + 3viw + 6v] — wes® — 2es” — 37jlw)m
=
(0),MRT1 _ 2 2 2 4 2 2 2.2 4 4 2 4 1
CD4p = (wzes® — 12viwaces™ + 2¢s™ + 3viws — 6v7 + 24vics” + 6v] — wacs” — 2¢s” — 3Ulw3)m
4

C(o) ,CLBM1
T/J

coefficient C(mL at .
1

= (cs2w3 - 121}%052(03 — 2¢s? + 3v%w3 — G'Uf + 2cs? — cstws + 61)‘1L + 241)%(:52 - 3v?w3)ﬁ



((0).SRT
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C‘](Dofvl\lRTl =(-4- 3wscs? — Svfwg + 1011% + 2ws + 6052) 1021::.)13
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12wg

3.2 Conservation of momentum equation

o o ot B K
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67 9%v; 0187 63,
Col 3 2 F[Cos i

where:

(1) dp
coefficient Cp wp at -

1),SRT
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1),MRT1
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coefficient Cl()lz/ul,uwvl at
ST = (2 w) i
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(1),CLBM1 (1),MRT1
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: (1) )
coefficient CD%p at
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(1) ]
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CD p =
( 7’U w +12cs +12wcs 736v1+w cs 7144v1wcs +144vlcs +36v1w 12wes? +24v w?es +7v w2+36v‘117w2c.92736v%w712052)

1
1202
(1),MRT1
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1
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z
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