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Understanding Electrothermal Instability Growth by Comparing Z-Pinches with Engineered
Z experiments have focused on developing predictive

models of instability growth on imploding liners
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Electrothermal instabilities are driven by Joule heating
and arise when resistivity 00 depends on temperature (T)

Condensed Metal

arroT>0

T 'go <-> TT
Drives nonuniform
phase change and
expansion

111>112

114, T4

1131 T31 Plia/vai

rh>>114; T3>>114

2D simulations show ETIs
develop after melt and seed

later MRT growth
Locations of higher Joule

heating vaporize &
expand first4Density
perturbations form

The Magneto-Raleigh
Taylor (MRT) instability
grows from the ETI seed,
and begins to dominate

Non-linear MRT growth
redistributes liner

mass; large amplitude
perturbations persist

and grow

(b)
 :=:›

colder

But, ETI-driven density
perturbations are mitigated

with dielectric surface coatings!

No
coating -

2 pm
coating

10 pm
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50 pm
coating

100 pm
coating

Adding a 70-micron-thick dielectric tamper dramatically

alters MRT growth on a solid (Ro=3.43 mm) A1 rod
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Thick (>10 p.m) insulating
coatings mitigate effects of

ETI and reduce seed for
MRT growth

No ETI strata in the
dielectric

Mass redistribution from

ETI is significantly

tamped by the coating

- Reduces seed for

MRT growth 

- Reduces integral 

instability growth 

Combining axial premagnetization with

a dielectric tamper for ETI mitigation

results in unprecedented liner stability
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The early nonuniform Joule heating of Z liners is not diagnosed.
Rather, ETI development is inferred by evaluating MRT late in the experiment.

ETI is NOT directly observed!

Defects to 3D-MHD Simulations

Nonuniform Joule heating is observed with unprecedented diagnostic resolution
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For Al 6061 alloy, newly observed early phenomena include overheated azimuthally stretched elliptical spots (20-40 pm
wide by 10 gm tall) and distinct strata (40-100 wide by 10 lam tall). Data give credence to the hypothesis that early

nonuniform Joule heating, including ETI, may provide the dominant seed for MRT

T.J. Awe, E.P. Yu, T.M. Hutchinson, B.S. Bauer, K. Tomlinson,
D.A. Yager-Elorriaga, M.W. Hatch, G.A. Shipley, B.T. Hutsel

Advanced targets and simulations are required to unravel the
complex physics of ETI
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Modeling ETI is a significant challenge Comparative dataset must be unambiguous

Off the shelf metals contain extremely complex resistive inhomogeneities, making
detailed comparison with simulation nearly impossible

Using Slow Tool Servo on a diamond lathe with X,Y,Z and C Axis control, it is
possible to create very precise arrays of micron scale semi-hemispherical pits
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# of defects diameter depth axial c-to-c arc length c-to-c # of defects diameter depth axial c-to-c arc length c-to-c
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IFirst set of loads match defect dimensions well but are rougher than desired and have
"spillover" at exit side of defect

Simple patterns will be
studied first to avoid

confusing global versus
local current density

modifications
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