
New Approach to Achieving Ignition in a Small-Scale FRC Fusion Reactor
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Non-Destructive Wall Compression of the FRC to Fusion Ignition (Five Stages) 

Ansys Explicit Dynamics Simulation (AEDS)  of the 3D 
behavior of three metal bands driven to converge similar to that 

desired for FRC compression to fusion ignition conditions.
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ANSYS® AEDS 3D calculations of a thin metal band 
implosion with (right) and without “pleating” 

Central section CAD illustrates the process of insertion, start of the 
implosion and final state with a pleated metal band. Slower implosion 
for unpleated band is due to energy loss from internal stresses
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Experimental Layout & End-on images with AEDS Code 
comparison for a 0.16 kg Al band

1D numerical  & 3D Ansys codes agree
With experimental results

Schematic of pellet injector as installed on 
the ISX-B device

Various parameters from the 1D numerical code 
for optimized Li band radial & axial convergence 

for FRC compression 

Key fusion parameters at the time of 
maximum FRC plasma compression.

Density increases of ~300% have been observed without 
degrading plasma stability or confinement. Energy 
confinement time increases in agreement with the 

empirical scaling τE ~ ne 

RESULTS OF HYDROGEN PELLET INJECTION INTO ISX-B
S.L. MILORA ET. AL., NUCLEAR FUSION, Vol.20, No. 12 (1980)

Direct Energy Recovery
from FRC Expansion  / Flux Compression

 FliBe has a  high resistivity (> 106 Beryllium) so that  it 
eliminates the problem of an insulating solenoid coating

 Good breeding potential (breeding ratio 1.27 w/o multiplier 
from the Al-Be) and less expensive than Pb83Li17

The Al-Be metal solenoidal coils (80% Be) experience only the 
steady 6 T field. The ~ 10 cm ID × 2-4 m long cylindrical first wall 
experiences a transient  field (pressure) of 30T (0.36 GPa) due 
to FRC well below the yield strength of Be-Cu alloy 25 (1.2 GPa)

Li bands converge at entrance to the burn chamber with a 
transient internal field of 39T. The FRC is readily translated into 
the flux conserving burn chamber with a much lower vacuum 
field (6 T). The FRC compresses the field up to 30 T as it drifts.

Stacked Li bands  Flux conserving liner  Surrounding Solenoids         

A new method for FRC formation and compression is presented here that based on previous 
FRC empirical scaling should achieve fusion ignition. This is accomplished at high electrical 
efficiency and in a manner consistent with long-term repetitive pulsing utilizing only solid-state 
pulse power. It is also capable of direct electrical conversion of the plasma and fusion alpha 
energy thereby offering nearly the same efficacy as steady-state operation. It is well known that 
fusion power density scales as β2⋅B4, (where beta is the ratio of plasma energy density to that of 
the confining magnetic field B). If one wishes to be competitive with fission and other energy 
sources, as well as significantly reduce the time and cost of producing fusion energy for electrical 
power, it is imperative to develop devices that can operate in a regime that maximizes both B and 
β. There is no simpler confining geometry then a cylindrical magnetic coil, and there is not likely to 
be a more suitable plasma than the Field Reversed Configuration (FRC), which is topologically 
the simplest, most compact, and highest beta of all magnetically confined plasmas. The methods 
required to achieve the reactor concept detailed here have been successfully demonstrated in a 
series of experiments at the University of Washington and MSNW, a small R&D company located 
in Bellevue WA. The FRC can be formed efficiently and at sufficiently high poloidal flux (> 50 
mWb) by employing the Rotating Magnetic Field (RMF) formation technique to a chamber of 
sufficient size (~ 0.8 m radius). This is only a factor of two larger than that employed in the 
experiments at the University of Washington where FRCs were successfully formed and 
sustained at temperatures greater than 200 eV which was more than sufficient for the pre-
compressed startup FRC desired. The compact, small-scale reactor can achieve fusion ignition at 
power densities comparable to fission. The new method for FRC compression presented here 
does not require exceeding the yield strength of the confining wall (a set of converging Lithium 
bands) which act as a sabot and performed in a manner that is consistent with reuse. The fusion 
burn occurs as the FRC drifts through a relatively low field (Bvac= 6 T, Be= 30 T) cylindrical coil 
surrounded by a conventional Tritium breeding blanket. The reactor's small scale and simplicity of 
design require no materials or technologies that are not readily available today.
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RMF Physics & Experimental Results

 Radiated power reduced.  
Recycling (as indicated by Dα line 
radiation) also strongly reduced.

 Temperature already close to 
synchronous ζ→1 limit.

 Be nearly doubled due to higher Tt 
for similar Bω.
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2D MHD Calculation for the Expansion of the FRC 
as It Drifts Out of the Burn Chamber 
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Lithium bands 
inductively driven to 
compress FRC both 
radially and axially
Vband ~ 2 km/sec

FRC drifting inside 10 
cm ID × 3 m burn 

chamber 
(foreshortened here)  

Stationary Lithium bands 
assembled at entrance 

to burn  chamber

FLiBe filled  Tritium 
breeding blanket

FRC at end of burn 
expanding into 

magnetized chamber 
for energy recovery   
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