Design and simulation of dynamic screw pinch experiments on the Z Facility 5 e$

STEWARDSHIP SCIENCE GRADUATE FELLOWSHIP
G. A. Shipley®?, C. A. Jennings?, P. F. Schmit?, D. A. Yager-Elorriaga?, and T. J. Awe? M
N

(a) Sandia National Laboratories, (b) University of New Mexico

r N N A
i - - I 1) VK ° ° ° ° ° ° ° ° d s
Magnetized Liner Inertial Musion (MagLIF ): Addition of Dynamic Axial Magnetic Field Component Results in a Helical Drive Field 3D ALEGRA Simulations® Enabled Study of
Magnetic Compression of Premagnetized, Dynamic Field Distribution and MRTI Growth
Laser-Preheated F“Si()n F“El Reproduced from P. F. Schmit et al., Phys. Rev. Lett. 117, 205001 (2016). B (t) o I £ o
- : : B > B,(t) # 0 ! _ _ _ ) / Z ( ) Resistive MHD ALEGRA Lineouts of Axial Field on Axis
o et An initial 10-30 T axial magnetic - D<o I Drive Field Polarization Implos1o_nCalculat10n
e field is applied by external coils i B 14 ’ . . 'B,(t) ‘
. B — — — —
. * Inhibits thermal conduction losses & _— g- 4 O (t) = fan [H(t)] = Lall B & (t) I(t)
n':ﬁm]'Bz"’ = May help stabilize implosion at late o - o | _ Sl B¢ (t) x =
e times ] N i Drive Field Ratio i (t) Lineout
_— !A . The Z-Beamlet Laser (~ 4 kJ) N [(t) = B, (t) I(t) = current flowing through liner ;
) C“]”‘*‘“ heats the fuel SN By (t) r;(t) = liner outer radius at time t
v * Reduces compression and implosion .
velocity needed for significant fusion —
[.. yield As liner implodes (73(t) decreases), the drive B
“™ 7, Machine implodes the liner magnetic field rotates, shifting the fastest growing =
iy with ~ 18 MA of current in 100 ns | O\ MRTI modes as a function of time. E
| ) (@)
G /()

8

6

Imploding Liners Suffer From Magnetized 4

10

e = MRTI growth is reduced via a

. ogo o ‘ distance [mm]
SRVICE- LEVIOE II.lStablhtleS (MB11) v Saglalk MapLlolLisE Solid Liner Dynamic Screw Pinch? (SLDSP)
Ideal With Radiographs
MRTI B, = 0

Significant axial magnetic

1
1
1
|
|
|
1
. - — - i 1 e ® ® ® ° ° e . .
time - - - 1% 3D Simulations Have Helped to Establish the Physics Design Basis® for f;el? 18 mJeCClted HISIAS 0;
= — — 1 1] the liner and compresse
1 0.5] ° eg e
- - - 1% MaglL.IF-based Experiments on the Z Facilit durine imolos;
- _ DI ; , | uring implosion.
N " | 05 VS )
\ I 0] L
2 a 1 1 _ i - ° ° ° \ . i ‘,‘
7 ) I ° ° L[] [ ]
/ \ i3 | : . Implosion Simulations in GORGON (0 : :
_ _ . . . otentially premagnetize
: : :__ i 21l | : Candidate Design for Magl IF Drive field ratio and magnetic CR = Lin(0) P y.p 5
-« . - i g 1@: : : Mult1ple—p1tch angle .heheal P03t§ prov1e1e 111}3 of pressure have axial dependence 3D radiation-magnetohydrodynamic (rad-MHD) simulations indicate 1,in(2) the fuel in MagLIF.
-— | ‘g 0 hsbans = : sight x-ray diagnostic access to imploding liner f : \ that the liner is effectively imploded when helical return posts are used. 17 i, (0) = initial inner liner radius
> - | 2 3 : e Initial Drive Field R Y P P '
- - g ) : : : : ol R _ﬁ?ﬂ; = ’ b g*lﬂntla o8 u_itm 0.5 1, (t) = liner inner radius at time t
ERIT it \ " = ] 1 g/eccontour at -10ns
1L o 4 -l \ : - © | .
— — : O [1599ns _ ® 8 \ 2 b= — —— \ (a) Whlte noise’ rand@ﬁtrﬂlﬂe‘n (c) (1) (d) (2)
<= : 3 | | ! | | y . z - : f; o - © | _1_2_-;-' TN e et e e e o Azimuthal drive field Helical (rotating) drive field
o * i 2 1l | | It : l % EW Density slices Opacity maps Density slices Opacity maps
+= - — R | Y N s B 3 ~ £
-« . < i 1 - . A o i ’ 3 nitial % of
= — — : B — ..l: '.'I- | ) ) N =% | _24_'
3] ' - | ’ o =7
f X : 2 1 b S I SONRD T S / % ?
= e e e e e o [ sl : 1 I . | » i P | I \ __________ 7 & i |§|2
I Uniform compression |1 Non-uniform compression | | airy Eoad =l =, e N X 3 * "I Normalized (b)
: |= |: Q 1167.0ns o e | T ‘ : N y = 2[,(0 A
i Iy 1 -3 0 [mm] 3 | T X w
I Good fuel confinement :: Poor fuel confinement 1 Transmission (%): 0 mm—" 100 S e _‘__ £
| I A " | £
: :: : i | Reproduced from R. D. McBride et al., o 2 -
: Effectively heats fusion fuel |i Poor fusion fuel heating i| Phrys. Rev. Letr. 109, 135004 (2012). 4 /P ——
________________________________________ a1 — Y e - = - \ A
Ul it
Z £ \\ | Velocity [km/s]
° ° ° ° Z - \ aﬂ.ﬁ 0.7 0.8 0.9 1 o IS
BaCkgl‘OllIld, Stﬂtlc AXlal Fleld MOdlﬁeS MRTI f"’/ D Normalized Magnetic Pressure
B.o=7T : B.o=10T E > Azimuthal lineouts of |, ] | ﬁl; el T : ¢ Solid retum ™Y . Density [g/cm?] 1
80-t1: CR=2.7, 1=3094.3 1 o e : ! . [ T
DS CR27 2300450 | 73451.01: CR= 29, -3094.8 s 4 - | average Pmag variation at | —, L ;:‘e ] 1 Helicall returmn 1 |
B, improves liner implosion g iy c 83 liner surface —-4mm o T 42 oo 12 24 I
, He c g3 B s # o[ TN
stability compared to ' ] e | Radius [mm] 1= S ~il
T o . { el e 40 1 2 40 1 2 4012 2 a4 0 1 2
unmagnetized implosions. Fam A | | |
5 P | 0 > 1 ALEGRA simulations demonstrate expected orientation of MRTI
4 - M, ; ; g
! [mm] §< o 4 Helical posts experience substantial \—Y— (azimuthal and helical) and an ~XX reduction in MRTI amplitude near
. . : - 14 ‘ o £-1 : g g . . . stagnation for the helical (rotating) drive field case
MRTTI growth is modified, L2482 CRebot o103 ms | “ \~ experiment. Non—unlformety of magnetic
not eliminated -1l pressure results in a bowing effect
| 3 » p . s 1 /i l in the imploding SLDSP liner References
EZY distance [mm] If a dense, low Conductivity metal eompared to normal MagLIF [1] S. A. Slutz, M. C. Herrmann, R. A. Vesey, A. B. Sefkow, D. B. Sinars, D. C. Rovang, K. J.
: .o . : . i : : : . . . Pet ,and M. E. C , Phys. Pl 17, 056303 (2010).
Origin and evolution of helical i Distribution of magnetic pressure at the liner outer surface suggests that is used (stainless steel), simulations 2 ns difference in stagnation Ceeom, e RO, TS, TR T 1 (2010
K ) ) ] ] JE : ; : : [2] P. F. Schmit, A. L. Velikovich, R. D. McBride, and G. K. Robertson, Phys. Rev. Lett. 117,
indicate that helical posts remain time (t5:,,) between liner
MRTI apparent in MagLIF is ! SLDSP experiments will drive helical MRTI modes. , p o 205001 (2016)
¢ well understood — 101Y | intact throughout the course of the midplane and 3 mm above - | | .
not well understoo ¥ 0 [mm] 1 . y ro— | | | | | | | it experimen ‘ midplane (marked with x) [3] G. A. Shipley, C. A. Jennings, P. F. Schmit, Phys. Plasmas (in prep).
Reproduced from T. J. Awe et al., Axial non-uniformity of magnetic pressure will drive the midplane [4] P.-A. Gourdain, M. B. Adams, J. R. Davies, and C. E. Seyler, Physics of Plasmas 24,
L Phys. Rev. Lett. 111, 235005 (2013). y \_ harder than the ends Of the llner. y \1 02712 (2017) )

Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NAO003525.




