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Fusion Challenges

Heating
Ohmic, wave, beams, shocks
Stability
Magneto-Rayleigh Taylor
Sausage, kink, and others
Confinement
Lawson criteria: nt > 10'* cm™-s
T ~ s for low density (e.g., 10'* cm™)
1 ~ns for high density (e.g., >10%* cm™)
Ignition

a-particle trapping 1s required!
Large containment vessel
High magnetic field.



PINCH INSTABILITIES

incompressible, sharp boundary:

CA_(kro)I (kr2[1+r32K (kr2]

5 '.m (kro) kro K'm (kro)
~ (150 ns)”}
m =0;
‘!=CA (kro) 'm (kro) -
s I'm (kro)

compressible, k -> 0;

2,172
y= &(2-0: ) kro
‘o - (50 ns)”!
= =0
7% =-kg+ ¥5)
4xp°




Z-Pinch PhDs at UCI
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STAGED Z-PINCH

Stable Liner on Target Implosion:

: Kr Liner imploding on Deuterium target (UCI)
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Overview

Shock waves 1n multi-stage, Z-pinch implosion
Plasma liner implodes onto a plasma target
Radiative liner: Xe, Kr, Ag, Cu, etc.

Control and mitigation of the RT-instability
Target pre-heating and compression, by shocks
Formation of high-energy-density, stable plasma
Trapping of a-particles, leading to 1gnition
Prospects for production of high-gain fusion



Physical Phenomena Associated
with Compression
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Physical Phenomena Associated
with Compression (contd.)
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Current Amplification in a
Staged Z-Pinch
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Current Amplification in a
Staged Z Pinch (contd.)
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Role of shock waves



UCI experiments, at 1 MA, 1.2 us, 102 T, provide
evidence and benchmarked MACH?2

<« 200 ns

Neutron yield ~ 0.5x1010
Evidence for d-t reactions
1.30 us

From: Thesis of Alan Van Drie



Electrical Signals

Shot697: Kr+ D2+ 100G
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Numerical Simulation using MACH?2

2-1/2 D, time-dependent, single fluid, MHD

Eulerian mode

External capacitor-bank circuit

Tabular (SESAME) equations of state

Implicit MHD, with B and U

Multi-species plasma

Flux-limited, single group, implicit radiation diffusion

Benchmarked against several experiments



MACH2 Equations

Continuity Equation:

d >
% =~ (pi)
Momentum Equation:

Radial and axial components:
PR = —pri vt + [~ (P + Q + Jug)é’ + (BB — §B*67) + o
Azimuthal component:

""‘ITRI‘?B +eEp — neds Eg, from flux compression produces ion rotation

Electron Specific Energy Equation:

ﬂ%f= 7 ee = Pebliqv; +nJ? = T (Gt )+V (reVTe) -

T, - T,
“"/'\planrk("? — 7""?) - PCy, ‘7.—“)

Ton Specific Energy Equation:

(())(f = —p¥- Ve + [-(Pi + Q)87 + a5 viv; + JoBo + v - (xiVTi)+

(1. - T:)
Ve Tes

Radiation Energy Density:

05{1 pu - Jug :%"-RV T+ 7 - (PXros TUR) + acpXptanck (T — Th)

Magnetic Induction:

B _ g x (7x B) - v x ]) - 7 x (25B) + v x (TEe)



MACH2 simulations using
Sandia Z Facility parameters

Ry=3.0 mm T,(liner) = 0.002 eV
AR, =100 um T, (target) = 2.0 eV
Z,=1.5 mm B,,=0T

Pge = 10490 kg/m? Any= 5%

Ppr = 6 kg/m?

* Discretization:

* Axially - 124 zones

* Radially - 84 zones & 5 sub-regions
« Silver

e« R=29-3.0mm, 16 zones

e« R=3.0-3.1 mm, 4 zones
* Deuterium:

e R=0.0-0.5mm, 16 zones

e« R=0.5-1.0mm, 32 zones

e R=1.0-2.9mm, 32 zones
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Mass density at 130 ns with J, & B,

P =kg/m’ - -
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Mass density at 141 ns with J, & B,
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100-um Ag liner-DT target
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Velocities (cm/s)
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Implosion dynamics

Ag liner Implosion On DT target
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o t (ns)
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Summary

Believe we have solved the “pinch stability” problem
— Staged Z-pinch
— Experiments, theory, simulations

Energy coupled to the target at the fastest possible rate
— Stable, shock front internal to liner, compresses target
— Flux compression of both By and B,

— Inductive currents formed at target surface
— Target compressed magneto-inertially

To be fielded on the Univ. Nevada, Reno, Zebra Facility
— Funded by the ARPA-E Alpha Program
— 1 MA, 120 ns, 200 kJ

— Ag liner and DT target near Lawson Criterion, less with D2

SNL Z Facility
— Currently investigating MagLIF
— Predictions for ignition with a Staged Z-pinch
— Energy gain >20X



Movies of Ion density and Ion Temperature
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Heating Mechanisms
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ABSTRACT



MACH2
?ﬁ ==V - (pd)
Momentum Equation:
P%i: = —p? ;v +5[-(P+Q + &ug)di" i .’.}5(3;‘3-' — 1 p2sity 4
73]
Electron Specific Energy Equation:
acpXptanck( TS — Tg) — m'.&;-.—m
Ion Specific Energy Equation:

p24 = —pi- V6 + [~(P + Q) + o viv; + v - (VT +

po, Lo T0) -t

Radiation Energy Density:

ng s _m-;.VuR_QuRv.{,f.f-v-(pxmvun)‘f’GCpXﬂanck(?:‘_m)
Magnetic Induction:

-

B - G x (7x ) - x (0d) - v x (LB) + v x (BE)



