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Liquid Plasma
New generation of Liquid Centrifuge Separators (LCS) for stable
and unstable isotopes.
1. Same principle of ion-neutral coupling,

Inherent population of ions in liquid form and the absence of
recombination. No need to continue ionization.

Low temperatures and high densities. Liquid allows internal
cooling.

4. Large quantities and low-cost production require such
efficiency.




Theory

Plasma and neutral gas as single conducting fluid:

Under steady state in cylindrical coordinates:
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Exponential dependence was confirmed
experimentally.




Takingl#® component

Balance of g viscous drag with j x B drive










Ne background 1 torr and Ar Flow rate: 500 CCM




Fluid Isotope Separator Centrifuge
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Experiments




Continuous Source heated by rotating

neutrals

High Angular
Velocity
Neutrals

Sample
introduced
continually

Ceramic tube
with hole at
discharge region

Sample melts,
then vaporizes
due to friction
with neutrals




— Cross-sectional Collection (CS)




Cross-sectional Collection Results

I Front view of Cu

Deposition Ring
Structure from
actual
experiment

Analysis slice from sample
showing Cu-65 abundance vs.
radius

Cu®% abundance Tested by PNL. (Radius, A: 2.5cm; B: 2.0cm; C: 1.7cm)




Comparison between conventional
and FIS centrifuges

Conventional Centrifuge Fluid Isotope Separator Fluid Isotope Separator
(Liquid) (Gas)

Radius (cm) 30 20

Height (cm) 25 25

Volume (cm3) 7 x 10* 3x104

Rotation rate (rps) 550 - 1000 1000 — 10,000

Relative centrifugal force (a 3.6 x10°-1.2x10° 3x 106
=980 cm/s?)

Density (n/cm3) 10% 10%2 10V

Temperature (K) 300 313 1425

Pressure (mTorr) 100 7.60x10° 4000

Outer cylinder Rotating Stationary Stationary

Cascade units >1000 1 1

Drive Surface Body Body

Rotating mass (g) 0.005 70,000 1




Throughput flow rate
(mg/s)

Throughput flow
rate(g/hour)

Separative Factor

Throughput Summary

Mechanical Centrifuge Fluid isotope separator Fluid Isotope Separator
(Liquid) (Gas)

0.01 (estimate)

1.09 (estimate)




device
Super conducting Magnet: B up to 3.0 Tesla

Heavy isotope outlet

Light isotope outlet

Rotating liquid
Plasma chamber

Center electrode
I: Liquid feed
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NID Research & Development Center
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NID has more than 20,000 sq ft of research space at its Valley
Research Center (VRC). VRC is located 19 miles north of Los
Angeles, California.




Integrated Spin System (I1SS)
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Experimental Chambers for diagnostics and engineering




Experimental observation:

Viscous drag is dominant at outer boundary
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Dimensional Analysis




Viscosity for typical gas

Experimentally observed rotation rate:
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