CORBl S: Code Rareéfié Bidimensionnel Implicite Stationnaire

[] main ingredients: [LM (M3AS 00, JCP 00)]
plane flow: 2D BGK Model
conservative and entropic velocity discretization
space discretization: finite volume, curvilinear grids

time discretization: backward Euler (transient solutions),
linearized implicit scheme (steady flows)
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CORBl S: Code Rareéfié Bidimensionnel Implicite Stationnaire

new features (2007) : [Aoki-Degond-LM (JCP 07)]
reduced distribution technique: v € R? instead of R?

Implicit boundary conditions (faster convergence to
steady state)

various boundary conditions can be used on any arbitrary
part of the boundaries of domain (diffuse reflection,
symmetry axis, periodic condition, out/in-flow condition,
temperature gradient on solid wall,
evaporation/condensation)

parallel implementation (Open-MP)
tested on 16 processors of the Altix 3700 (SGI)
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Numerical method: reduced distribution technique 3

(1 F'is independent of z = the transport operator does not
contain explicitely the velocity v,.

[1 define the reduced distribution function

f(t,r,y,vy,v,) = | Fdv,,and integrate BGK w.r.t v,
y R

OF +v- -V, F=v(Mlp,u,T]—F)

I Jp-dv,
Of +v-Vof =v(Mlp,u,T] - f),
where M |p, u, T is the reduced Maxwellian defined by

(V2 — uw)2 + (Uy — uy)2
b ( ORT ’

M T] = T dv, =
[p,u, T /RM[p,u, | dv o BT
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Numerical method: reduced distribution technique

but 7" cannot be defined through f only:

E = 1plul* + 2pRT
— / HolPF(t, z,v) dv
R3
:/ %]v£+v§+v§\F(t,x,0) dv
RS

= [ 4 e desde, + [ gt dode,

R2

where g(t, z,y, v,, v,) = / %ng dv,.
R
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Numerical method: reduced distribution technique

[ as for f, an equation for ¢ is derived

[ finally, we get the coupled system of kinetic equations:
atf+v | vaﬁf — V(M[IO7U7T] o f))
O0rg +v - Vog = v(5-Mp,u,T] - g),

and the macroscopic quantities are obtained through f and ¢ by

o= | fa? pu—/ of dv?,
RQ

R2
3

1
golul + SoRT = [ (off +g e
RQ
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Numerical method: velocity discretization

[1 for given p, u, T, the Maxwellian M [p, u, T'] satisfies

1 p
v _ U
( %m?) Mlp, u,T] dv ( ép\u|2+pRT)

entropy: M |p,u,T|log M dv = min {/ flog f dv}
R2

RQ

conservation: /
R2

[1 R? is truncated to [vmin, vmax]* and discretized by (v, )4,

N
] / f dvis replaced by ) ~ fyAv
R k=1

1 we can define (M), that satisfies discrete conservation
and entropy properties (= existence and convergence results)
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Numerical method: space discretization

equation for f: finite volumes, upwind scheme, curvilinear grid
O f +v-Vof =v(Mlp,u,T] = f),

l

atfk,z’,j + ﬁ@w%,j(fk) - ¢i—l g(fk)) + Aiy(¢z'j+1(f ) - ¢i,j—%(fk))
= v; i (Mx[pij, wi g, Ti 5] — frig)s

where the numerical fluxes are defined by

biv1;(fi) =3 (Ux,k:(fk,i—l-l,j + fiig) = Ve kel (Afiiry 5 — q’k,i+§,j))

bijr1(fi) =3 ('Uy,k(fk,z’,j—i—l + friig) = [y el (Afici it — (I)k,z',j+%>)
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Numerical method: time discretization

transient solutions: first order backward euler

A%s( 1??]1 - fl?zg) + A%,;(prr%g(f?) — @-—,;(fl?))
B fy@sm L) = agos (A1)
(Mk[pz,]7ui,j7 zy] — ff:z])

stability iIf

1 A 1
At < and —t

~ max; (1)) Az — maxy v

restrictive condition for: rapid or dense flows, and steady state

L. Mieussens



Numerical method: time discretization

steady solutions: forward euler (implicit)

ALt(flzg:jl _fl?z]> + A%E(@jué,j( 1?“) _@—%,j( 1?“))
- fy(@,gﬂr%( 1?“) _¢i,j—%( QH))

= v (M = £

k7i7j

then linearization:
Mk[ﬂz‘?fl] ~ Mk[“i?j] + Op My [Nifrfgﬂ](lh?gﬂ — /’l’iT,Lj)

where p = (p, pu, $plul® + 3pRT)
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Numerical method: time discretization

0-matrix form of the scheme: set U™ = ({f; ;}xij» {9 Fif)
Then the scheme is

I
(E +T+ B+ R”> SU™ = RHS",

where

[]

N I O N R B

oun =yntt —pn,

I isthe unit matrix,

T contains the transport coeffi cients, (b. c. inin B)
B contains the boundary condition coeffi cients,

R™ isthe Jacobian matrix of the collision operator,

RHS" istheresidual (transport and collision operators applied to U ™).
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Numerical method: linear system

11

At

(] very large linear system

[] sparse matrices

N\

/ l nz = 19000

[] an adapted iterative solver is used
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nz = 7600

(i +T+B+R”>6U” — RHS",

Rn
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Hypersonic external flow:

Mach =18.3, Kn = 0.014
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Supersonic external flow:

Mach 4, Kn = 0.0358

pressure around a cylinder

3.8
3.56
3.33
31
2.86
2.63
24

2.16
1.93
1.69
1.46
123
0.994
0.76
0.527
0.293

0.0594
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Internal slow flow:

Mach 0.001, Kn=0.5

Velocity magnitude and streamlines in half of aring-shaped channel

‘ 3.8E-03

3.4E-03
3.0E-03
2.6E-03
2.2E-03
1.8E-03
1.4E-03
1.0E-03

. 6.0E-04
| | l 2.0E-04
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Internal slow flow:

Mach 0.001, Kn=0.5

pressure in a micro-pump
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Per spectives

[1 3D code
[1 unstructured 2D code

[] include polyatomic effects
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