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ABSTRACT

A Staged Z-pinch, configured for discharge parameter s characteristic of multi-
Mega joulefacilities, is studied using the 2 and 1/2 D, radiation-MHD code, MACH?2.
In this configuration a cylindrical, xenon plasma shell implodesradially onto a
coaxial, deuterium-tritium plasma target. During implosion shock fronts are formed
in both plasma. The shock wavesin the DT plasma preheatsthe plasma up to several
hundred eV befor e adiabatic compression takes over. In the outer region of theliner
plasma, a shock front forms causing Xe massto accumulate at the outer surface of
the DT region. This causesthe formation of a conduction channel that the discharge
current transfersinto. The outer surface of Xeliner then becomes Rayleigh-Taylor
(RT) unstable whilethe shock front that compressesthe DT-target remains stable.
The compression ratio of about 25 can achievethe parametersat the peak
compression that can produce a thermonuclear yield from fusion neutrons morethen
breakeven and beyond. Theinteresting featureistheinner pinch remains stable even
with 1% perturbation level and only become unstable when it explodes.
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Outline

Motivation from the experiments.

2D numerical simulation.

Control and mitigation of RT-instability.
Importance of high Z radiative liner.
Shock heating and shock compression
Possibility of breakeven in fusion energy.
Experimental implementation.
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PINCH INSTABILITIES

incompressible, sharp boundary:
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MAGNETO-INERTIAL FUSION

PINCH DYNAMICS
1.CURRENT DIFFUSES THROUGH HIGH Z LINER.

2 INNER LAYER OF LINER PEALS OFF DUE TO
THE DEVELOPMENT AND STAGNATION

OF SHOCK FRONT. STAGED Z-PINCH
3.PEALED OFF LAYER COMPRESSES THE o AT ARGET==—
PRE-HEATEDTARGET ALSO BY SHOCKS EH‘M ;/

1

4.UNSTABLE PART OF LINER STAYS BEHIND.

5.AT PEAK COMPRESSION, CURRENT
TRANSFERS TO INNER STABLE LAYER.

BENEFITS

1. INERTIAL ENERGY TRANSFER TIMESCALES
2. COMPRESSION IS RT STABLE

3. BREAKEVEN FUSION IS PREDICTED
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End-on Kerr cell photos

RT-instability

St abl I Ity Of STABILIZATION OF LINEAR PINCH

Pinch stabilized with
B; and B fields

D.J.Albares, N. A. Krall and C. L. Oxley,
"Rayleigh Taylor Instability in a
Stabilized Linear Pinch Tube,"
Phys. Fluids 4, 1031(1961).



Liner Kr Target
Schlieren Images !J
of Staged Z Pinch ® =

Shot 963 (a)

Liner Kr Target

Before peak implosion

\ 4

After peak implosion
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Electrical Signals
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Streak Images
Kr liner only b e | of

Staged Z-pinch

Kr + D2 gas
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Numerical Simulation

2&1/2 dimensional, time-dependent, single
fluid, MHD simulation code.

Used in Eulerian mode.

External capacitor bank circuit is modeled.
Tabular (SESAME) equations of st:
Implicit MHD with components oB andU.
Multi-species plasma.

Flux-limited, single group, implicit radiation
diffusion.
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Equation used in the ssimulation

MACH2
Continuity Equation:
i} —
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Radiation Energy Density:
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Magnetic Induction:
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Elastic Stross:

Ao,

Wﬁt = Q,r:di - r‘"v;‘ﬁ_‘i
Fusion Neutron Production Rate and Energy Gain:
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(o) pp and (7 ppare determined from a table look up.
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Initial configuration for UCI Pinch

INITIAL DISTRIBUTION
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Initial Configuration For Mega-Joule Facility

¢ L Oa-d Da-r am eter S INITIAL DENSITY PROFILE

Density of Xe =180 kg/m3 15-
Density of DT = 3.4 kg/m3 ]
Perturbation = 1%

M achine par ameter s

Maximum current= 18 MA
Current rise time =90 ns ]
Stored Energy =2.1 MJ 05

GRID

160x120 Adaptive mesh
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Peak
Parameters
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CHARGE STATE
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Rayleigh-Taylor Instability

— !
E _foe . |
Eo Initial perturbations
y:'\/ gk R Pinch radius
R:% gt 2 k Wave number
f:f e«/ﬁ g Pinch Acceleration
0]

Growth of perturbations depend upon the radius of the pinch
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Energy coupling

R B? 5 21
W = 7 ¢« 27R* hdR o~ R

Final energy of the pinch dependsweakly on the compression ratio!

7t Symposium on Current Trends International Fusiesdarch



ION DENSITY AT 100ns
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ION TEMPERATURE AT 100ns

(for 4 initial radii)
B=2.0cm B=1.5cm
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Large Energy Production

Xe liner plasma and DT target plasma is used.

Both the masses of the liner and the target are optimized
Optimized parameters of similar to Z-facility are used
Initial radius of 0.5cm is us:

Compression ratio of less then 25 is needed.
Perturbation level of 1% is used

80 MJ of Energy Isproduced with a stored energy of 2 M J.

Real breakeven is possible with existing technplog
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lon Density (full run)

Density t = 0.0000 ns
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lon Density (near the peak)

Density t = 102 4100 ns
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lon Temperature (Full run)

Temperature t = 0.0000 ns
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lon Temperature (near the peak)

Temperature t = 102 4100 ns
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Axial current (full run)

Axial Current Density t = 0.0000 ns
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Axial current (near peak)

Axial Gurrent Density t = 103 4100 ns
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Conclusions

R-T instability can be controlled.

Shock compression and heating is identified
Pinch current is amplified.

Current rise time Is reduct

Breakeven fusion (i.e., nuclear energy
larger than stored energy) Is possible.

Reactor design Is not yet considered.
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