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Inertial Confinement Fusion Concept

- =
Driver beam Blowoff Inwardly transported
thermal energy
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Target
heating Compression Ignition Burn
A pulse of radiation The fuel is rapidly When the fuel core reaches Thermonuclear burn quickly
(light, x-rays, or ions) compressed by the 20 times the density of lead, spreads through the
rapidly heats the rocket-like blowoff of it ignites at 100,000,000°C compressed fuel, ylelding
surface of a pea-sized hot surface material many times the input energy
{uel capsule
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Modélisation

0:p +divk(pv) =0,
0:(pV) +divy(pV @ V) + Vyp = —FF, E:%Iu|2+e,
3¢(pE) +dive((0E + p)¥) = —F£ + S, E.0.S p=p(p.0)

1 .
—0t1+Q-Vil =,
c
I=1(t,x,Q), QeS? intensité radiative.

yza;(p,@)(a@“—/)+os(p,6)(][2IdQ—I), a = constant.
S
57F=f QFdQ, yng FdQ.
S2 S2
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Modele aux moments

Intensité radiative /= I(t,x,Q) t=0, xeR3, Qe S°.

1. .
~0¢l+ Q- Vil = 05 (a0% ~ 1) + 05 (<) = 1), </>:][ 1dQ.
C S2

Moments de I'équation :
0tE +div(F) =4no, (364 - E) ,
0+F + 2 div(P) = —c(0s +04)F.

E:lf I(t,x,Q)dQ, F:f Ql(t,%,Q)dQ, P:lf QeQ/(t,x,Q)dQ.
cJs2 s2 cJs2
Approximation affine en Q :  /(t,x,Q)= £ E(t,x)+ Q- F(t,x).

1
P(t,x)= §E(t,x)|d.
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d:E+div(F) =,
1
“0.F + SVE=-0oF.
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Limite diffusion

9:E+div(F) =S,
1o, F+ SvE=—oF.
c 3

Limite diffusion : cxo — 400 : F = —%VE.

atE—div(évE) =s.
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Maillages polygonaux

0+E+0xF =0,

Premier essai : 1D, schéma décentré amont &2
0tF + ?axE=—0‘CF.

Invariants de Riemann : U:E+‘/T§F, V=E—‘/?§F,

S(v-
atU+\/§6U 02( U),

0:V ——=0,V = a—U vV
V-3 (U-V).

Schéma décentré amont :

n+l _ yyn n_[n
R I ke '

C
< —oS(vnouyn),
At V3 Bx 02(1 )
+1 _ _
VT oV e Y Vf”:af(u."—v-")
At V3 Ax 2V
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e N
J J j+1 T j-1 ¢ n n n
+ + 2E'-E",-E’ {]=0,
At 2Ax 2\/§AX( Jo Tl J+1)
n+l _ n n n
e ke = WA (2F-FPy - Fy) = —coF
At 3 2Ax 2V3Ax 4 ST I
Limite diffusion c~ 0 — +o0 :
En. —E"
Cc +1 -1
Fl=-——-t-—1—= 2E'-E, =0.
J 30 2Ax f+1
Pas consistant avec I'équation de diffusion 0;E —dx (550xE) = 0.
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Schéma de Jin-Levermore

Idée : monter en ordre sur E en utilisant I'asymptotique diffusion :

0<E=-32F.
Flux upwind : Uj+%=Uj, Vj+%:Vj+1
V3 3 Ax 30 3 3
Byt o h=B+2h Byt charcha=8r2h
3 3 Ax 30 3 V3
By e Py =BT By g e g = o
E..=ilE+E ‘/§F \/§F
i = | Bt Rt o)
1 1 V3_ V3
Fii=1 352 FitFini+—E-—FEjn
+0 37
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Schéma de Jin-Levermore

1
_1+U\/§A2—X
Ertl_Egn Fn. —Fn
J j j+1 T j-1 ¢ n n n
M M 2E"—-E" . —E" . |=0,
At + 2Ax + 2\/§AX ( J j—1 _/+1)
n+l _ £n n _ En
I s Sk S WA (2F7 = Fry = Fy) = —coF}
At 3 2Ax 20V3Ax V4 Tt T i
. . . ~rr . ~ 1
Limite diffusion c~ 0 — +00 : M VI
Premiere équation :
e c
J J n n n _
St 3ona 26 ) =0
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Dimension deux
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°
°
L
) / : )
X \
e,
o \ °
Xj
‘ \
p Cell Q; .x L ]
.

1
lir = 51Xr+1 = Xr-1l,
_ 1 1
njr = E(Xr+1 - Xp-1)"-
Vi, 1Q] = /jrnjr-

Refs : C. Mazerand, thése. E. Franck, thése.

|Qj|0tEj+Z/err snjr = 0,
r
2
1Qy10Fj+ 5 X lir Ejenjr = —0clQ1F;
r

V3
Ejr=Ej+ ——(Fi=F:) - njr,

> e Eyr =0.
J

Modification Jin-Levermore :
limite diffusion.
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Probléme : stencil "en croix" => stabilisation.

Y-Axls
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Arétes coniques

oy _ (x(@)) _ Mo(1-g) +2wq(1-q)M1 +¢°M>
" (q)_(y(q))_ (-qfr2wqi-q @ €01

w=0 : segment we€]0,1] : ellipse w=1: parabole w>1: hyperbole.
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Arétes coniques

Shoulder point : S:=M“(g=0.5).

(M17 w)

Qo

M,

Q2

M2

$=3(Q+Q2), Qo=pg(@Mi+Mg), Q2= p5(wMy+My).

B. Boutin, E. Deriaz, P. Hoch, ESAIM Proc 2011, M. Li, X.-S. Gao, S.-C. Chou, Visual Comput., 2006.
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Arétes coniques

Aire

|Q|—ZA0M0» 5)+f(w)A(Mg, M}, M3) chom ‘OMyor.
dof

J\jr -1

B. Boutin, E. Deriaz, P. Hoch, ESAIM Proc 2011, M. Li, X.-S. Gao, S.-C. Chou, Visual Comput., 2006.
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Arétes coniques

Dof aux sommets M, ET aux shoulder points S, /.
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Schéma GLACE

At
Ein+1 _ E,'n +— Z Cr . F;H—l — O,
€21 '
! f/MrEQ,'
c2At

Fr+l_Fp

’ Z C’rEn+1 —co; AtFn+1
31l preq,

En+1 En+1 V3 (Fin+1 _ Frn+1) . nir_CO—rFr’Hl (M, -x;),

C
+1 +1 +1
Y. (@itcofi) =) CE™+ ) ClenmF™.
f/MrEQ; i/M,EQ,' i/M,EQ,‘
(o}4

air = C/ ®n; et Bir = C/ ® (M, - x;) avec nj, = ”C’_,”.
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Limite diffusion

o =c=10% donnée initiale £(0,x)=080(x). E(t,x)=2Ze
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Limite diffusion
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Régime transport

Conditions périodiques aux bord => Fourier : solution analytique.
smh(yt)

Si 4m\/j2 + k2 <olLV3, E(x,y,t) =cos(2j% + 2k%]67”d'L a(uc sinhgiyt) +cosh(yt)|+p—F"~
Si 4m\/j2+k2>0LV3, E(x,y,t) :cos(m% + M%]e_”d ot(ac%m +cos(yt)) ﬁw ] ,

T 7]

-1 g%ct -
=3

o=c=1,j=1, k=2

Y-Axis
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Régime transport
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Régime diffusion

o =c=10% solution analytique
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