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Electro-thermal effects in 1-D
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Early studies of the Nernst effect in heated plasmas
bounded by liners
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On-going experiments with laser heated plasmas
inside liners with embedded axial magnetic fields
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n, (cm3) 3e20 1e23 1e21 (2~10) 2e20
T, (eV) 300 8000 1000 600
B (T) 30 13,000 10 8.5
B 80 4.6 4.4e3 1.1e3
Xe= W, T, 4.2 608 0.24 4.5
Lm 760 8.9e5 2.4e4 1.5e4 4




Outline

NRL PPD

Self-similar analyses provide “exact” solutions to a simplified problem —
multi-physics codes provide approximate solutions to an “exact” problem.

Similarity solutions provide verification tests for multi-physics codes:
e.g., LASNEX, HYDRA, PERSEUS

a) Magnetized, hot, f>> 1 plasma bounded by a cold wall:

b) Magnetized, hot, arbitrary B plasma bounded by a cold wall:



1D MHD, planar MHD eqns at large plasma beta 8,
includes the Nernst electro-thermal term E
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Self-similar solution for heat & magnetic flux loss to a
cold liner from a planar, isobaric, plasma of large 8,
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Magnetic & thermal losses to an unmagnetized,
cold liner at large 3,

NRL PPD
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1D MHD, planar eqns have three thermo-electric

transport terms for arbitrary

NRL PPD
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For arbitrary B, one has Ettingshausen, Thomson, & Joule
in thermal eqn, in addition to Nernst in induction
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n, T, & V profiles depend on B, , weakly onNBN(AET) )
but B profile varies strongly with B, and B¥D

boundary conditions ~ MagLIF preheat stage
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Case D as a MHD code verification test:
B..=3.7, X.=20 at 3 ns.
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Summary

NRL PPD

Early studies showed anomalously high thermal transport
from a hot, magnetized plasma to a cold wall due to Nernst.

Planar, isobaric, self-similar solutions with large B and X ecs”,
show that heat loss by thermal conduction & advection,
magnetic flux loss by Nernst & advection:

1
Lm, = 3 B.x.. D),~32D,,. D ~8D,,.

For low B« plasmas, the Ettingshausen, Thomson, and Joule terms
enter the thermal energy eqgn, in addition to Nernst in induction.

Four self-similar solutions appropriate to the conditions following laser pre-heat:

n, T, & V profiles depend on B« , weakly on electro-thermal effects;
but B varies strongly with both B« and electro-thermal effects.

A verification test for electro-thermal physics in MHD codes
without isobaric constraint in self-similar solutions.
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