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MOTIVATION: & AvGARAS

Application of W-multiwire liners of spherical form can provide more X-ray
intensity on the DH ICF pellet in comparison with cylindrical one at the

same power of pulsed power current generator.

Goals:

« Experimental verification of the RMHD calculation results in non-
cylindrical geometry for optimal mass distribution choice

* The technology for sub-milligram quasi-spherical wire array production

* The technology for creation of required linear mass distribution along
the surface of quasi-spherical liner

Results:
Verification of the RMHD code in experiments with conical liners

Electrostatic extension of liner wires for quasi-spherical wire
liner production 2
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VERIFICATION OF CODES FOR NON-CYLINDRICAL GEOMETRY
ON CONICAL ARRAYS
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X-ray pulse of cylindrical array is too “simple” for reliable code testing

We use conical array to compare RHMD code and experiment
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- T

NUMBER OF UNITS -8 PULSE CURRENT 4 MA
OUTPUT PULSE LOADS: GAS PUFF, WIRE ARRAY, FOAM
ENERGY 600 KJ

PULSE DURATION 90 HC 4
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CONICAL ARRAYS PARAMETRS

Number of W wires 20-120

Wire diameter 6-12 um

Large cone diameter 12-20 mm

a0z13o aoz27°

Time integral x-ray image.
| ~3 MA, T~100 ns, cone angle O = 0°+49° 5



X-ray pulse for conical array (a >20°) consists of 2-3 TRINITI
_ ANGARA-5-1
peaks. Small metal cone installed on narrow electrode
of truncated cone decreases the number of X-ray
peaks up to 1.

Additional
metal cone
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X-ray pulses (left) with plane cathode of truncated cone liner and
(right) with additional metal cone installed on narrow electrode of
truncated cone liner. °



Simulation by L) v

Magnetically Accelerated Radiative Plasma Explorer —
MARPLE

Magnetic field diffusion, heat transfer, electron-ion exchange, Joul heat,
multi-group emission transfer.
Prolonged plasma ablation model:

Plasma source is a fixed axially-symmetrical surface inside the computational domain
(individual wires not considered here). Ablation intensity per unit area:
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Plasma source is introduced in the equation of continuity
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VOLTAGE DROP AT THE GENERATOR LOAD ¥ ANGARA-5-1
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COMPARISON OF MARPL SIMULATION AND

-100

-200

U )

-300

—-400

-500

-600

EXPERIMENT

: N IF\JHHWI
9 Prd(m) ©

-

t simulation {mks) 4 0
0.1 012 o.14 o1& o188 0.2_' u}

—H-2

current =

IlllllllllllllllllllllllllIII-

— 2.5

SHOT #4482 40W, 6pm @20/5 mm

1 TRINITI
L‘ ANGARA-5-1

COMPLICATED PROFILE OF THE
X-RAY PULSE IN EXPERIMENT
AND IN SIMULATION ARE CLOSE

DIFFERENCE IN THE INITIAL
PART OF THE VOLTAGE PULSE
IS CAUSED WITH THE SOME
DISCREPANCY OF FORMULA
FOR M
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RESULTS OF CALCULATIONS AND EXPERIMENTS
WITH CONICAL ARRAYS

* For cone corners more than 20° arises 2-3 peaks on a X-ray pulse

« The conic liner has appeared "rich with features" object. It was
possible to test a hydrodynamic part of the program separately

from precise simulation of radiation transport.

« MARPL calculation well describes a x-ray pulse with the multi-

peaks profile

10
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IMPLOSION OF QUASI-SPHERICAL SHELL P ANGARA-5-1

Compression in three dimensions of a
guasi-spherical Z-pinch is more efficient

than a cylindrical one. §1:

Ricm)

P~12/r?

Compression ratio R, /R; ~7-10;

Radiation flow to target for spherical

— 2
compression is 4-5 times larger than for p pO/COS (8)

cylindrical one*
*[V. Smirnov, at al., JETP Lett. (2005)].
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DESIGN - ELECTROSTATIC STRETCHING OF WIRES

U=0kV | U~-10kV

15 mm

~1 MV

Cathode

Additional electrode creates static electric field

The mass per unit radian of latitude m(8 ) =const # 1/cos?(0)
Voltage between anode and cathode reaches ~1MV, nevertheless
additional electrode does not prevent to implosion

12
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OUTLINES OF ADDITIONAL ELECTROSTATIC ELECTRODES

to X-ray to X-ray

ﬂrame frame

camera

camera
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QUASI-SPHERICAL WIRE ARRAY IN ANGARA-5-1 ¥ ANGARA-5-1

LINER UNIT BEFORE SHOT

S Anode g

40 x 6um W wires @~ 19mm

The gap between additional electrostatic electrode and wires 2-5 mm
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SPECTRAL SENSITIVITIES OF XRD AND X-RAY FRAME CAMERA
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X-ray frame camera: cathode - gold, filter - 3 um AL 5 ........................
for «hard» radiation %

spectral sensitivities of XRD4 and

X-ray frame camera are about the same
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QUASI-SPHERICAL WIRE ARRAY IN ANGARA-5-1 TRINITI
A

experiment NGARA-5-1
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X-ray emission near X-ray pulse maximum
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*The brightest zone in a"hard" X-ray emiss?c?n arises at the
moment of the second X-ray maximum at average part of pinch.
The part of substance of quasi-spherical array is compressed on
an axis and on radius simultaneously.

*Transition is necessary for compression of all substance to d1e7nsity

~1/r2
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PROFILING OF DENSITY OF THE ) NCARAS

QUASI-SPHERICAL LINER
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THE DUSTING SCHEME
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W wire covered by Bi U TRINITI
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Wire images by optical
microscope, x700.

At the left W 6 pum,

on the right W 6 pm + Bi 0.9 pm

The same wire at electron
microscope x5000.

Wire images by electron
microscope, x5000

Left X-ray image of W 6 ym
in W La,

on the right X-ray image of
W6 um + Bi 0.9 ym in Bi La,
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CONCLUSION

-The method of manufacturing of quasi-spherical wire arrays is

developed.
-The first experiments with quasi-spherical liners show:

There are two peaks of SXR .
In second peak radiation is more hard, than in first one and

corresponds to implosion in center.
Highly emitting region of pinch in «hard» radiation is localized in

the center of quasi-spherical wire array .
-The temperature in center in quasi-spherical array more than
temperature in pinch for cylindrical array

-- 3-D implosion takes place.
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