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Key aspects in MagLIF

» Magnetization of the fuel is intended to
v" Provide magnetic insulation: Reduce thermal losses.

v Enhance a-particle energy deposition.

* The magnetic field is compressed and amplified.
v The Nernst term degrades the magnetic flux conservation.

v Understanding the plasma dynamics close to the liner becomes essential.
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Scheme of the problem
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Outline

1. Magnetization effects
2. Magnetic pressure effects
3. Liner material effects

4. lon diffusion
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Outline

1. Magnetization effects
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Governing equations

Planar geometry
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Self-similarity

v The motion is triggered by the transport processes:
heat conduction.

v" The structure of the equations admits a self-similar
solution in form of a diffusive wave.

v' Self-similar variable:

X
=

(n=0)

Kol

v The independent variables only depend on one
variable:

T(x,t) > T(n)
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Normalization

Liner Hot Spot B
v We normalize the variables:
9 — T _ B
= T, , ¢ = B, : 3
v" The equations can be written as:
x=0: % =be (t): Ablated border
) Hot spot — Ii_ner
Cont g+ 205 (PP L) =0 | e o
dn dn @,7:0;9:0,: @77:00;9:1,:
S ¢ =0. S ¢ =1.
dp d 55 2 Py d¢
Ind. | —y—+— [2P.(1 - ef— = ( )
Tan dn[ ( qb] @dn 6°/* dn v There are two free parameters:
1) Magnetic Lewis number:
v’ Coupled through the functions P.(x,), P,(x,) and P4 (x,). o = 1hermal conduction
573 Magnetic diffusiviy
e =@ ¢. 2) Magnetization downstream: x
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Unmagnetized Plasma.

Xe0 K1

Temperature 67) and velocity V(y) profiles

1.0f
(}.85-
0.:5?
0.4;

0.2}

0.0/

Liner

4/24/2018

o Magnetic field profile ¢(17) i
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v Magnetic field convected towards the liner.




Magnetized Plasma.
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Mass ablation & Magnetic flux losses

m= L (n — np )dx, O = J .(Bﬂ — B)dx.
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Thermal energy losses
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v The presence of a cold unmagnetized
liner makes the thermal energy losses
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Comparison with previous work

2015.

A. L. Velikovich, J. L. Giuliani and S. T. Zalesak, “Magnetic flux and heat losses by diffusive,
advective, and Nernst effects in magnetized liner inertial fusion-like plasma”, Phys. Plasmas 22,
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v" No ablation

v" Liner: solid state

v" Liner: cold dense plasma

v" Ablation
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Outline

2. Magnetic pressure effects
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Magnetic pressure effects: Finite 3
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Mass ablation and Magnetic flux losses

Mass ablation

Magnetic flux losses
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v Magnetic pressure enhances mass ablation. v Magnetic flux conservation is degraded.
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Thermal energy losses

|
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I .
| ®)_
I i .
| | N | |
0,10yt NGl
g ' Lh = 10*| | N X
I X : s ! ) ]
T} 700 0 5 SRR SR . SO |
T fiLh= 106 | AN
L [iLh=10% . |
| : : L.75/%0"" N\
I 0024e ------------ N
| | | | \
I | il | ciad] i wiiiat]
I 0.1 | 10 100 1000
Transport terms through the ablated border I .
v I ‘el
Magnetic energy converted dissipated |
into thermal energy I
|
I

4/24/2018 17



Outline

3. Liner material effects
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Effect of the liner material

Hot spot — liner
mterface = Ablation front

» Thermal conductivity is discontinuous.

» Nernst velocity is discontinuous.
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Profiles for Beryllium liner
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Integral quantities
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Thermal energy losses
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Outline

4. lon diffusion
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lon mass flux
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Mixing layer

v" Fuel concentration profile for Beryllium liner v' The diffusion eq.is governed by the Lewis number.

v The Lewis number only depends on the liner material.

Lythium Beryllium  Aluminum

Le 350 630 6600
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Conclusions

' Magnetization |
effects

. Magnetic
. pressure effects
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2.

Magnetization reduces the effect of the Nernst velocity by confining it to the outer
region of the hot spot.

The thermal energy losses are reduced by magnetization as x, 7/ *°.

Magnetic pressure enhances mass ablation.

When the magnetic pressure becomes important, the magnetic flux losses are no
longer reduced with magnetization.

A sharp discontinuity appears at the interface between fuel and ablated liner.

Increasing the atomic number of the liner reduces energy and magnetic flux losses.
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THANK YOU FOR YOUR ATTENTION

ANY QUESTION?
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