This paper describes obijective technical resultsland analysis./Any subjective views or opinions that mightbe expressedin SAND2021-14180C|
the paper do not necessarily represent the views of the U.S. Department of Energy or{the United States Government.

§ V Plasma formation from micron-scale defects on ult

M.W. Hatch®b, T. J. Aweb, E.P. Yu®, K. Yates¢, B. Hutsel®, T. M. Hutchinsond, W. Tatum®, K. Tomlinson¢, M. Gilmore 2

(a)University of New Mexico, (b) Sandia National Laboratories, (¢) Los Alamos National Laboratory, (d) Lawrence Livermore National Laboratory, (¢) General Atomics
*Supported by NNSA Stewardship Sciences Academic Programs under award number is DE-NA0003872

T VYA Y aY~%
I A" R =<

National Nuclear Security Administration

s N N\ N
Magnetized Liner Inertial Fusion (MagLIF): Barbell targets with engineered defects provide insigcht on ETI o2 LLLLNS(C)  Shot 3740, 114.1ns (C1) Plasma filaments form between divots in both
Al 6061: 500 e s ° ° °
. . . . . | | imulation and experimen
iser (ALovid favee Observation: Low intensity emissions, a likely result from overheated ”:f’m'lfs?s%;ﬂfffm . - simulation and expe ents
- | azimuthal reheate beam . . . . . . . N N .. - o . . . . .
gimme /dmt‘iem preheated inclusions in alloyed aluminum, drive ETl in Z pinch targets. 30 qe € " . The hot spots described in the previous section explode, leaving a
A , C . . : : 20 20 | 200 o crater from which exploding plumes erupt
cold DT —> — compressed Objective: Experimentally study the evolution of ETI from targets with i o 0 oo . . PIDTINE P P
gas (fuel) 1 axial field I-understood and well-ch terized : d defects f " EHEA o b Plasma filaments can be seen connecting divots
e weil-understooa anda weli-characterizeg engineered dejects jor “ 1.1;”1;9:9;9%} } N e e *Theory, simulation, and experimental data show evidence of this
. . o o £ pure): = e PR b ks
field k4 - /] Comparlson Wlth SImU/atIOnS. Diamond Turned & Electropolished ﬂDSh : 3%‘352 115;“]5 (Cﬁﬁ Dtl ' o o ot phenomenon
S.A. Slutz et al., PoP 17, 056303 (2010) -Ultra-high purity aluminum loads are diamond-turned to y MENEJ?-"H:#"}J- o] > s g . Dt3741, Sy — 196 Simulated visible
20 MA of current flows through cylindrical beryllium liners near perfect finish (surface roughness Ra < 10nm), then ' L LD s00 SRS iszion (SpeceaD)
(about 500 um thick wall) defects are added. These defects range from12-48 um in - =
«Fuel/liner is axially magnetized, then fuel is laser heated diameter, depths from 3-12 um, and between-divot | L o = L = ELgouvl\'/e;;ol\;E%Ieft
eLiner is accelerated to nearly 70 km/sec, compressing the spacings of 36-288 um. SEM (nterferometry . . modeling of plasma
premagnetized/preheated fuel Defect is largest perturbation on the DiarEO_n: tumoilnganld e'_ectmfol;sflingtmethods o
. are peing used on aluminum targets +to 100 100 W
*Fusion-relevant conditions are achieved, but limited by current density decrease surface roughness _ Zssgt?r:e?\ialzgtzs
. . efey e 0 0
Magneto-Rayleigh Taylor (MRT) instabilities -Engineered defects (motivated by the study of alloys) ™ - T T
Gomez, M. R. et al. Phys. Rev. Lett. 113, 123003 (2014) WI” a”OW .for the investigatiF)n Of We”_.CharaCterized Non-uniform emissions are shown to evolve quickly from Al 6061 surfaces, as
perturbations that are predicted to drive ETI. seen in the figure above. i
. Ratch, . Awe
e ] ©  SImulations which add an artificial Various patterns of engineered defects have been designed to

azimuthally correlated seed perturbation
better match experimental data. These
perturbations do not match experimental
liner initial conditions. Some phenomenon is . L .
emission patterns with simulations

generating them dynamically. Figure b.) _ECON *Defects with diameters ranging from 12 to 48 um across and depths ranging from 3 to 12 um will

) g]r.\eslrpulz.:\tlo.n—suppc;r’i)ed hyEotheS|s is that o gk ¥y, 4000607 be utilized to study similarity (theory that current density amplification is independent of divot
is behavior is caused by a phenomenon 3.000e+

Future work includes novel target designs

study how spatial differences impact ETI evolution

*Axially and azimuthally aligned engineered defects are being shot on Mykonos to compare

*The next engineered defect campaign will combine initial designs onto
single targets to ensure identical current density of areas of focus and to
compare:

T - -l -l -

Axial Distance [mm]
wo

Different divot diameters/depth/c-to-c divot spacing (fig. a)

, n X0l | size) ) . . . . .
called the electrothermal instability (ETI), 1.000e+07 : : L : : * Axial vs. azimuthal divot orientation (fig. b)
' : : Gt ke 0.000e-+00 *Epoxy will be used on some targets to represent behavior of resistive inclusions and provide . : : : : :
A which generates azimuthally correlated AN : ] . . . Close vs. separate divot spacing with epoxy coating (fig. c)
% _ , > information on how ETI responds to a dielectric coating . o :
) temperature and density perturbations called J * Epoxy-filled vs. void divots (fig. d)
=3 strata/striations Side at 0 degrees Side at 180 degrees
McEBride et al,, PRL 109, 135004 {2012 ' o Target type |# of targets| [# of defects|diameter |depth | axial c-to-c | arc length c-to-c | |# of defects|diameter| depth | axial c-to- | arc length c-to-c . . . . . .
Sl o =P : E J E ; *Sinusoidal perturbations are theorized to amplify current density, even for
R I Rev. Mod. Phvs. 72 167 (2000 3 8 2 12um | 3um 0 36 um 2 12um | 3um 0 72um ) )
yutov et al., Rev. Mod. Phys. (2000) Ra <5 nm very smooth surfaces (low amplitude roughness) so long as wavelength is
Oreshkin et al., PoP 15, 092103 (2008) Figure c. Figure d.) 4 8 2 12um |[3um| 36um 0 2 12um [3um| 72um 0
5 8 2 | 4um [6um| 0 T2um 2 [ dum [6un] 0 | 14dum also small | | S |
° egeo o Examples of engineered defects can be seen in Figure a). Figure b) shows the barbell target mounted 6 8 ) WUum 16um| 72um 0 ) dum |6um | 144 um 0 °Targets with multlple sections of va rying sinusoidal amplltUdeS but constant
in the Myk device, with yell howi di ion. Fi displ focal . . . . . .
Electrothermal instabilities (ETT1) are i theyonos evice,withvllow arrows howingcutent diection. Fgure o dislys a confoc T3 2 Tewlam 0 | e |2 Tewlmml 0 | wavelength will be studied to determine how the varying ratio A/A drives
° L KR geometry for a 3D MHD simulation of barbell target with micron scale engineered defects. 9 8 Z 48um [12um| 144 um 0 2 48um {12um| 288 um 0 I I I
thouoht to seed MRT instabilities surface heating and .plasma forrnatlc.m. (fig. e) | |
200 sam = Stevilated visible Chart showing relevant engineered defect target types used for experiments *Divots maChInEd INto eaCh Of these perturbEd regions WI”
l - — emission (Spect3D) t=112.0% inform dominance of either engineered defects or
10Mtel Tl P ° ° ° ° ° ° °
coldes : Engineered defects exhibit two bright emission spots per pit as sinusoidal current density amplification at various A/A
@108, 902A ey ETI evolves *Targets with multiple sections of varying wavelength will test the
, ‘ ST>0—50<0—8(%/c)>0 -‘ Discrete strata can be seen on chmically heated, -_— importance of the A/A ratio compared to changes in amplitude only (fig. f)
hick alumi : : , . , , : : : :
I thick aluminum *Theory, simulation, and experimental data are being used to better understand the evolution of micron- *Divots will be machined into each of these perturbed
———————————— scale features into larger structures regions as well
+ ETlis a Joule heating-driven instability *Hydrodynamic expansion causes pits to transform into bumps, then current converts from flow around *Targets will be coated with epoxy to avoid plasma
. ' . the pit into the bump, resulting in two bright emission spots (“cat eyes”) filamentation veiling of the areas of interest
* In a metal (dn/dT>0), the dominant mode manifests as hot/cold bands- _ , , , , ,
ont e °In experiments, axially and azimuthally aligned divot targets are used to study the solid metal state and
striations , — — — M/ - N \
: : : plasma state evolution of ETI
* Ina plasma (dn/dT<0), the dominant mode manifests as plasma filaments _ _ , , , o , ° .e .
) : . *12-frame imaging captures multiple phases of ETI evolution. High resolution images are captured with 2 o0
* ETI can seed the Magneto Rayleigh Taylor (MRT) instability , ! ® . oo oo
MRT seen on a liner and 3- ns intensified CCDs. 5 oo . .
[ J
[ J [ J [}
Mykonos-V is a five stage Linear Transformer . . e b ) L d__J __
Experimental observations Awe et al., Phys. Plasmas 28, 072104 (2021);)
[ J
Dl‘lvel‘ !LTD ! V()ltage adder *Cat eye emission is pronounced for type 5, 6, and 8 targets, and less pronounced for types 3 and 4, - ) - A I
. . . . . . A ; - , A: peak-to-valley amplitude A =1.528
R . o / which have smaller divot diameter/depth/c-to-c spacing B e T == = IR e
SE EAR- - Figures above/left show 3D MHD modeling of . . . . . - . . . : “to- i -1 B: peak-to-vall litude A = 3.056
e Machine specifications metal explosions, simulated visible emission *Both axially oriented and azimuthally oriented divots exhibit cat eye emission structures (see figures b s [ EPloalerampiudeATLI . @ m 1= 14, k= 24 um (Twice the
: with Spect3D, as well as experimental data. and d bEIOW) C: peak-to-valley amplitude A=2.674 ;mlzoxtUdf)?aS section A but with same
C —& & | um,J=1.35 =24 um
- : . . . . . . . . . . oo ; - C: k-to-vall litude A = 3.056
At full Charge VOItage. TRAgRy E.P. Yu et al., “Metal deformation and plasma initiation driven °C0mmun|Cat|On/COIIECt|Ve behavior is seen for the first time between isolated defects (flgu re d) Er'np(jazkf;va”eyamphtweA 5 c oo | umpja= 1-02,\/;=e4y8aLTr:(lTuWi:e the A of
ol i tributi _di i . .. . .. . D P2 ., - tion A&B, but with litud
=1 l\lfA mtlo 0.5 ohm load M B ettt oottty e *Locations of peak cat eye emissions are symmetric about (but spaced further than original diameter of) e =24 forall sections f ssection)
° ' .
590 V pu seo . engineered defects
. - . . . . . [} [ .
Rise time (10%-90%) of 80 ns *Shot data exhibited simultaneous strata and filaments (figure e) *New diagnostics for future work include:
through FargEt Preshot image 10312-334, 114.7 ns--656 kA * imprOVGd laser shadowgraphy to diagnose plasma
° — 1 7% .
PUISe Wldth (FWHM) Of 160 i : | 100 Preshot image . Shot 11066-334, colorbar x10* oA gTS 534 oo z dynam|CS
os - - — 2 ot )975- , colorbar _vgm ] . . .
. ns _ 100 { | os o 00§ o y *a multi-diode array to measure multiple locations for
L4 B 08 ¥ 125 .
1000, sm.-i.tmsqa Mykonos Current [kA] LTD module rT1ade of five, " " . , ¢ large-scale temperature gradients
T B o A three-meter diameter LTD 2 " e " ) ] 1§ sinfrared avalanche photodiodes to observe low
= i+ 2 o 5 5 : L
S cnnl /’ haty cavities 2 = 2 5 g ° g o temperature surface emission
3 50 40 100
O / 03 5 50 SAND #: 973827
E ot V4 Figure a.) Mykonos device at SNL o 0.2 0 200 This work was funded in part by Sandia’s Laboratory Directed Research and Development Program (Projects
S 200 | /7 Figure b.) Example current pulse . 1 6 100 200 No. 178661 and No. 200269). Sandia National Laboratories is a multi-mission laboratory managed and
{EU / (a) &Y ' pie cu Pu e _ ! -100 | 8 o operated by National Technology and Engineering Solutions of Sandia ,LLC., a wholly owned subsidiary of
o 1 1 L 1 3 pIEESER. ’ SRR 0 (b) 400 50 0 50 100 ' 100 50 Micf:cm 50 100 d R 100 © 00 300 -200 -100 P Ho(;\ey\(/:vell Internatlon:_;\l, Ir_1c., for the U.S. Department of Energy’s National Nuclear Security Administration
b 0 50 100 150 200 250 Microns microns = under Contract No. DE-NA-0003525.
Time [ns] Figures a.) and b.) Respectively, preshot image and shot data from axially aligned engineered defects. Figures c.) and d.) Respectively, preshot image and shot data from azimuthally aligned engineered defects. Figure e.) Shot data exhibiting both strata and filaments
- J J Y,

RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

SandialNational Lab multimissionilaboratory'managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
idiar Inc., for'the/U.S.

ialN oratories|is/a C C ng |
subsi ylofiHoneywell|International Department of Energy's'National Nuclear Security’ Administration/under contract DE-NA0003525.



