' @

OSAKA UNIVERSITY

PINOCONDIEBFIEFHEEETILDEA

Non-local electron thermal conduction for radiation hydrodynamic simulation
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Solid spherical target implosion can achieve high density
and areal density. (R.E. Kidder, Nuclear Fusion, 1974)

NUCLEAR FUSION 14 (1974)

THEORY OF HOMOGENEQUS ISENTROPIC COMPRESSION
AND ITS APPLICATION TO LASER FUSION*

R.E. KIDDER

Lawrence Livermore Laboratory,
University of California,
Livermore, Calif,,

United States of America

ABSTRACT. The hydrodynamic theory and properties of spherical homogeneous isentropic compression are discussed.
Computer results are described showing that a close approxi : of this type may be accomplished by
light-induced pellet ablation if the light absorbed by the pellet is properly programmed with time, and is spatially uniform
over the pellet surface. Pellet compressions in excess of ten theusand-fold are computed.
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1. INTRODUCTION We shall confine our attention to the simple
of isentropic compression alone, and indeed t
To representapractical source of fusionpower, the special case of homogeneous isentropic cg
a laser-heated pellet of thermonuclear fuel must pression, i.e. an isentropic compression in w
satisfy two criteria: It must be brought to a high every volume element is compressed to the s
temperature, and its specific surface area (=3/pR) degree. An important property of an isentrop
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? Non-local electron conduction model; SNB model (1) @ |

G. P. Schurtz, Ph. D. Nicolai, and M. Busquet, Physics of Plasmas 7, 4238 (2000)

Spitzer-Harm heat flux
Qsh — _KGthP
effective collision mean free path (e.f.p)

kyT0)?
Ae = (Am-)\eﬁ)m = (Z + 1)—1/2 ( b )

drne.etlog A

Multi-group diffusion solution (N, energy groups)

The contribution of the group g to Spitzer-Harm flux
(for each group, upper bound energyis FE, )

1 Eo/kT o4 3
Ug = 24 EglfkTﬂ e "dBQsn
stopping length of electron energy £, 7,
kT

A =
|ez|

local electron field
e = kT /e(Vlog(ne) + vV log(1¢))

v =14 3/2(Z +0477)/(Z + 2.15)

where,



Q Non-local electron conduction model; SNB model (2) ’\e |

G. P. Schurtz, Ph. D. Nicolai, and M. Busquet, Physics of Plasmas 7, 4238 (2000)

effective mean free path is harmonic average of transport mean free path and
stopping length 3, = E,_1»/k/1.

1 1 1

=
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for group g; By = E,_1 0/ kT,

Ay = 2(E, 1o/kT)*)

Diffusion equation

Y
— _vavy|H,=-V.-U
()‘g VS ) ! !

Finally, total electron heat flux is written as a sum of electron energy groups.

Ay
Q; = Qu — Zg: SVHQ



Fundamental Equations for rad-hydro simulation

e One fluid, two temperature fluid model.
(mass) dp

—=—pVel

dt
(momentum)

pd—u =—-VP
| dt
(ion energy) p%:_Piv,u_v,qi +Qei
dt

(electron energy) de

P d'[e =-RV-U-V.q,—Qy +5 +5,
(radiation transport) Vg =V- (qSH T qNL)

1dl”

+Q-VI" =4zn" — y"1" +S5"
. .C
(laser absorption)

k _ k _ k k
Vg VIL_ VabsIL SL_Zk“vable/Vg



Q Validation of SNB model in PINOCO (without hydro motion)

Te (FL-SH)

laser condition 0.005 o 0.005

3.16228

1x101> W/cm?
W 0.00316228
spot diameter 5um oo

(HWHM)

Ng=32
(T./m,)¥/2=0-32keV
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-0.005 0
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Te (non-local)

fluid motion is ignored
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¢ Validation of SNB model in PINOCO (without hydro motion) @

electron temperature on the y=0

linear scale log scale
18 B I I 1 1 I I 1 I T T T T I ] : I 1 1 1 1 I 1 1 1 1 I 1 1 :
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pre-heat phenomena is captured properly with SNB model.
There is no steep profile in electron temperature distribution.
SNB model of tensor factor version will be installed in near future.



@

laser condition
intensity: 5x10 W/cm?
wave length: 1 um

spot size diameter: 5um
0.01 = % (HWHM)

Two cases are simulated.
e flux-limited Spitzer-Harm (FL-SH)
 Non-local (SNB model)

Ng=32
(T./m,_)/2=0-32keV

Planar Al foil target density t=0

-0.01

0 0.01 0.02 0.03
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Q Validation of SNB model in PINOCO (with hydro motion)

laser intensity: 5x10* W/cm?, wavelength: 1 umspot diameter 5um(HWHM)

T, (colors), and p (lines) density(p) and electron temperature T, at y=0
Non-local

) >

flux-limited S-H
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e =kT,/e(Vlog(n.) +~vV log(T,))
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Ph. D. Nicolai, J.-L. Feugeas, G. P. Schurtz, Physics of Plasmas 13, 032701 (2006)

a first-order expansion for electron distribution function, assuming its small anisotropy
v
fe(ra v, t) - f()(ry U, t) + ; ) fl(ra v, t)

heat flux with the Maxwellian distribution function case
‘ J J (% VTQ vr VTE
fﬂl — _C Q _C Q b

1 1(v, )vTene A, §2)bx VTEN, vr T vr T,

condition of zero current is replaced by Ampere-Maxwell’s law:

Ame oo
—gfo fPdv=J = x B

47
Electron field

VP JxB J J
Fidie ~BLVT,—BbX VT a5 —abx

BEB:— 5
n;

Ne Ne.C

non-Maxwellian correction of the EDF with reduced mean free path and corrected source term

3 AL
~2A fO+V-{ “ 5 VA fy + 1’62 x VAfo]} =V-g'

Aee 1 4+ w522
Finally, total electron heat flux is written
AL
fi =f]" — ——2 — [VAfy +u’Q x VAf|

1 + ub)?
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@—VX(V ><B)+{V><(Vpej Vx{(VXB)XB}—Vx[RTJrR“ﬂ
ot e n 47, n

e e

Biermann battery term || term thermal force  friction force
(self-generation term)

Magnetic effect is taken account into thermal conductivity. (Braginskii, 1964)
(electron energy)

ddgt =—PV-u-V-(k-VT,)-Q, +S, +S5,
K-VI, =V, I, +x, V T, +x VI, Hall parameter:
:%(”e;efe)zyo,(o, X = 0Ty
° ’ Braginskii coefficients:
i, = i, X A”"), 71+ 74:61, 6,
K =K, (ix” +75) A= y* +6,y° + 6,
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