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Introduction

Isothermal two-fluid Euler-Lorentz system.

atni +Vx'qi :07

ki + Vi - (q. iq'> + m LV = a(_ni Vx¢ + i x B),

OtNe + Vx - Qe =0,

& T
Bcte+ V- () + el
e

e
vXne — _E(_nevX(b + qe X B) .

@ (n;,q;) (ions), (ne, ge) (electrons), ¢ (potential) : unknowns,

® Tj, m, Te, me, kg : given,
@ B (magnetic field) : given.

Quasi-neutrality equation nj = ng = n. J
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Conventional Euler-Lorentz model in the law-Mach regime.

Scaling.

Low Mach number regime & strong magnetic field :

GZme/mia MZZTv tw=

Euler-Lorentz model in the low Mach regime :

o+ Vx - a7 =0,
TRa"r
™ &7 + Vi (q' 4

nt

atnT +VX qg - 0,
T® T

€T [&qg + Vy - (qe G

nT

)] +Vxn" = —n" Vx¢" +q7 x B,

)} +TeVxn" =n"Vy¢" — Qg x B.
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Conventional Euler-Lorentz model in the law-Mach regime.

Drift limit.

If - —0,
on’ +Vy-q? =0,
Vil = —n®V,¢°+qf x B,
an° + Vy -2 =0,
TeVxn® =0 Vy¢® — g8 x B,

(1)

[1 Degond, Deluzet, Sangam, Vignal - J. Comput. Phys. 228
(2009).
[ Brull, Degond, Deluzet - in preparation.
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Conventional Euler-Lorentz model in the law-Mach regime.

Reformulation of the drift limit model.

b-Vyn® = —n’b. VP,

1
@), = ||B|| ——Db x (Vxn® + nO Vye?),

2
on’ + Vx- a2 =0, @)
Teb N VXnO = nOb VX¢O7

(qg) = mb X ( TevXnO + no VX(bO),

Consequence : b - Vyn® =b - Vy¢° = 0. |
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Conventional Euler-Lorentz model in the law-Mach regime.

Time semi-discretization.

nT,m+l —_nom
+ vx . ((bm+l ® bm+l) qiT,m+l)

At
+Vy - ((H _ bm+l ® bm+l) qi‘r,m) _ O,
qi7'7m+l _ qi‘r,m qi‘r,m ® qi‘r,m 1 et
T ()

1 ‘
— [ o nT~,I’Tl+1 VX(QT"de' + qiﬂm+1 % Bm+1]
T

nT,m+l —_nom

A + vx . ((bm+l ® bm+l) qg,m+l)

+V, - ((H _ bm+l ® bm+l) q-ze—,m) =0,

ge™t —qg™ am® q;’m) Te

_c v nT,m+l
At + .

€T

+ V- (

n‘r,m

1
- [n7'7m+l VX®T7m+l o q;mjtl % Bm+l} )
€T
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Conventional Euler-Lorentz model in the law-Mach regime.

Perpendicular components of g; and ge.

( T.m+l)m+1 T

m+1 7,m+1\m+1
qi L —Wb x(g7)

4

_ Wbm-i-l % [vXnT,m—i-l 4 n‘r,m—i—l vx¢7,m+l}

€T
( 7—7m+l)m+l_‘_ bm+l > (q7—7m+l)m+l

e 1 At HBde” e 1
1
B

€T M1 qz—:‘—’m q‘é,m ® qg,m
REEE |- )]
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Conventional Euler-Lorentz model in the law-Mach regime.

Parallel components of g; and Qe.

(bm+1®bm+1) qT,m-i-l B (bm+1 ® bm+1) qif,m

i qiT,m ® qiT,m)

nT,m

+ At (b™ @ b™h) v, - (
At
+ ? (bm+1 ® bm—}—l) [Van’mH + nT,m+l vxng,m—l—l] — 0’

(bm+1®bm+1) qg,n’H—l _ (bm+l ® bm+l) qg,m

" ® qg’m)

nT,m

+ At (b™ @ b™) v, - (
At m+-1 m+-1 m+-1 m+-1 m+-1
+— (O™ @b™) [Te Vyn™ ™ — nn™ML w7, 7M™ = 0.
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Conventional Euler-Lorentz model in the law-Mach regime.

Diffusion problems for n"™™* and ¢™™1,

— Vy - ((bm-i-l ® bm-i-l) VXnT’mH) + AT nT,m-i-l - RT,m-i-l7 (3)

o vx . (nT,m+1 (bm-i-l ® bm-i-l) vx(bf,m-i-l) - Sr,m-i-l’ (4)

To be consistent with the limit =- Neumann type boundary
conditions :

p™1l.v,nm™1 =0, onaQ, 5)
b™1. Vyp™™1 =0, onon.

(3)-(5.a) is well posed for any 7 > 0 but ill-posed when 7 = 0.
(4)-(5.b) is ill posed for any 7 > 0.
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Perturbed Euler-Lorentz system for a two fluid model.

Perturbed Euler-Lorentz system for a two fluid model.

Introduce small perturbations in mass conservation equations :

;

8tnT+C18td>7+Vx-qf:0,

T ar @af T T T T
T[c‘)tqi +Vx-< InT ')]+vxn =-n"Vyp +q xB,
on™ +Co00" +Vyx-qg =0,

ET [&qg + Vy - (qg % %

nT

)} +TeVxn" =n"Vy¢" — Qg x B.

\

C1, Cy > 0O free parameters chosen later.

Alexandre Mouton APFEL project.



Perturbed Euler-Lorentz system for a two fluid model.

Semi-discretization.

n‘r,erl n™m @T’m+l o (bﬂm .
AL TeTTAar Y ((ql T
;M1 m m ((q'T m)m+1) - Oa
g™ —q” (qi“ ®aq ) r i
. _— J— n 9
At + Vx 1 n7m * T VX
_ = [ _ nr,m+1 vx¢r,m+l + qIT m-1 Bm+1] ,
n‘r,m—i—l —nom @T,m+l o OTm
AC et Ve (@)
o e (@ o
qr™! — gz (q;’ ® g7 ) Teo mi
—_— . - - R n £
At T Vx nmm + €T Vi
— i [n‘r,erl VX¢T,m+l _ qg,erl % Berl] .

€T
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Perturbed Euler-Lorentz system for a two fluid model.

Problem on ™! and ¢~

€ nr,m+l CZ € ¢7—,m+l
(1_T_e) At T <C17 Te> At
_ (1 _ Ti) gvx . (nf,m—Fl (bm+l ® bm+l) Vx¢f,m+l) _ RHS
e

T

n‘r,m+1 T,m+1

(1+¢) +(C1+ Cze) At

—(1+¢ gvx- b™1 @ b™1) v,n™ 1) = RHS.
T

Choice of Cq, C,

Ci+eC,=0, Ci—

with C > 0 small and fixed.
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Perturbed Euler-Lorentz system for a two fluid model.

Problem on ™! and ¢~

TeC and G TeC
1+ Te 2T 1+ T

n~™1 and ¢™™! are respectively solution of

Inversion of the system = C; =

—Vx- (b®@b)Vyn) + 7A1n" =7R", on(,
b-Vvyn™ =0, on 012,
b-Vyp™ =0, on 0f).

Resolution : Brull-Degond-Deluzet’'s method.
[ Brull, Degond, Deluzet - in preparation.

{ ~Vy- (M (b@b)Vxo™) +7X02C¢" =75, onQ,
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Numerical results.

Numerical results.

Stationary case : B = (By, By, 0) uniform, g/ =q¢ =B, n" =ng
and ¢ = ¢g constants.

Perturbation : replace n” by
" =no+7 max(0, 1 — 1 ((x—x0)> + (Y — ¥0)?)),

with 7, Xo, Yo given, and take B = (sin«, — cosa, 0) with a given.

Alexandre Mouton APFEL project.



Numerical results.

@ =4 ¢o=2 a=m/2,

@ =280, xp =Yy =15,

@ 7=10"%Te=1,¢e=01C=0.002
@ 0 =[1,2?, Nx= Ny = 100, At = 1077,
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Numerical results.
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FIGURE: n” attime t = 0.




Numerical results.

FIGURE: ¢” attimet=5x 10"7,t = 4.5 x 1075,
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Numerical results.

FIGURE: Ef attimet =5x 107, t = 45 x 107%.

Alexandre Mouton APFEL project.



Numerical results.

FIGURE: EJ attimet=5x107",t =45 x 106,
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Numerical results.

FIGURE: (g attimet=5x 107", t=45x 107°.
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Numerical results.

FIGURE: qf, attimet=5x 1077, t =45 x 10°°.
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Numerical results.

FIGURE: f,attime t =5x 1077, t = 4.5 x 107°.
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Numerical results.

FIGURE: (f attimet=5x 1077t =45x 107,
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Numerical results.

FIGURE: ¢, attimet=5x10"7,t =45 x 107°,
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Numerical results.

FIGURE: of ;attime t =5x 107/, t = 45 x 107°.
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Numerical results.

@ np=4,¢o=2 a=21/3,

@ =280, xp =Yy =15,

@ 7=10"%Te=1€e=0.1,C=0.002
@ 0 =[1,2?, Nx= Ny = 100, At = 1077,
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Numerical results.

FIGURE: n™ attime t = 0.




Numerical results.

FIGURE: ¢” attimet=5x 10"7,t = 4.5 x 1075,
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Numerical results.

FIGURE: Ef attimet =5 x 107, t = 45 x 107%.

Alexandre Mouton APFEL project.



Numerical results.

FIGURE: Ej attimet=5x 1077, t =45 x 106,
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Numerical results.

FIGURE: (g, attimet=5x 107", t=45x 107°.
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Numerical results.

FIGURE: qf, attimet=5x 107, t =45 x 10°°.
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Numerical results.

FIGURE: gf,attime t =5x 1077, t = 4.5 x 107°.
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Numerical results.

FIGURE: (f attimet=5x 1077t =45x 107°,
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Numerical results.

FIGURE: ¢f, attimet=5x10"7,t =45 x 107°,
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Numerical results.

FIGURE: of ;attime t =5x 107/, t = 45 x 107°.
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Numerical results.

Conclusions and perspectives

@ The method works on the perturbed two-fluid
Euler-Lorentz system,

@ Successful tests when the perturbations do not reach 052.
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Numerical results.

Conclusions and perspectives

@ The method works on the perturbed two-fluid
Euler-Lorentz system,

@ Successful tests when the perturbations do not reach 052.

@ Change the boundary conditions,
@ Include energy conservation equations for each fluid,
@ Coupling with Poisson or QN equation.

Alexandre Mouton APFEL project.



THANKS FOR YOUR
ATTENTION!!




	Introduction.
	Conventional Euler-Lorentz model in the law-Mach regime.
	Perturbed Euler-Lorentz system for a two fluid model.
	Numerical results.

