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New Approach to Achieving Ignition in a Small-Scale FRC Fusion Reactor

Motivation and Background Non-Destructive Wall Compression of the FRC to Fusion Ignition (Five Stages)

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
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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
B. 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 One of two RMF

‘T antenna pairs

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
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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 the radial compression radially and axially ¥ cm ID x 3 m burn FLiBe filled Tritium magnetized chamber
burn occurs as the FRC drifts through a relatively low field (B,,.= 6 T, B,= 30 T) cylindrical coil : speed of the FRC M. Vg ~ 2 km/sec 3&1 chamber breeding blanket for energy recovery
surrounded by a conventional Tritium breeding blanket. The reactor's small scale and simplicity of . L g P
. . . ) , . (foreshortened here)
design require no materials or technologies that are not readily available today.
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IDWC FRC based fusion provides L~ 5rg m=1, “saddle” coil pairs are positioned radially Pellets are composed of frozen hydrogen isotopes (tritium and deuterium)
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» Greatly simplified PFC management-readily replaceable cylindrical tube Initial axial magnetic field B, is j T=80s T-%204s 5
> Direct, high efficiency heating to fusion temps (~ 90% electrical-thermal) reversed by synchronous J, current Siew
» Small, compact fusion maximizes surface to volume- higher power density driven by RMF /
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RMF Phvsics & Experimental Results Schematic of pellet injector as installed on Experimental Layout & End-on images with AEDS Code _ _ _ i
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Consider the © component: RESULTS OF HYDROGEN PELLET INJECTION INTO ISX-B \L i 7 T - - experiences a transient field (pressure) of 30T (0.36 GPa) due
R— — 5 ~ : Without RMF, E, = nj, +v,B, and FRC is decaying S.L. MILORA ET. AL, NUCLEAR FUSION, Vo1.20, No. 1 (1950 i Sy - : P m i o FRC well below the yield strength of Be-Cu alloy 25 (1.2 GPa) bV diagramfor the diesel cycle
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Key = volume, position, velocity A balance between the RMF applied torque and electron-ion friction determine the (0 A 7 3 T ANSYS Minr R olicciBEE T igd \ AN
. T 2 = —1D Code ; < \ S
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Relations: Ho measurement with rs from yields. (n) and T onn Density increases of ~300% have been observed without a\ Filgein o) e o [ ¢ -. -l - .g 1 05 -
. where §'is the effective skin depth of the RMF and o, is the effective rotational freq. : OF i : ] ) V. IV ’
By=1- 1., Axial Pressure Balance ®e - o, Experimentally it is found that o, = 0.15¢, and 57/r. = 0.18, where o is the RMF degr?dmg p|a_3ma_3tab|“ty o confinement. Energy T T s &ric. hiah resistivitv (> 10¢ Bervlli hat i :
> 27 With above obtain plasma energy, frequency. The plasma resistivity, 1, is that characteristic of FRCs due to the LHD confinement time increases in agreement with the Time (ms) . 1_3 as a high resistivity ( _ 9ry ium) 89 that l_t Volumes V (m?) : V,=3.2,V,=0033 V, =
Inventory, confinement times instability. A good fit to the past FRC data is: ; - ] 1D numerical & 3D Ansys codes agree eliminates the problem of an insulating solenoid coating 0.0033+,V4=3.0=n=0.99
S ¢ savo- o empirical scaling tg ~ n, - ‘ N I recult High n from huge compr. & Expans. Ratios
n=gm Geshx " N Bt results > Good breeding potential (breeding ratio 1.27 w/o multiplier
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Substituting for @, 5" and 1, one has solving for the null density: ,.[)}Xv \J« from the Al-Be) and less expensive than PbgsLi,;
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FRC Transport Scaling o', —y Various parameters from the 1D numerical code _ ! 3D calculations of a th"[‘ metal b”and Fusion lanition Based Past FRC Scali Why Inductively Driven Wall Compression for High Power
_ _ " The best fit to most data had n, = nysech?(u) for the center region and H ¢ imiz o ial & il implosion with (right) and without “pleating usion ignition based on rFas caling Density FRC Based Fusion?
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L ' Profie B, =027un,e0,1 = 0407 (B, for FRC compression implosion and final state with a pleated metal band. Slower implosion Teng = 2x10%m s = 4.3x107 76! x5 ng (1) Reduces by orders of magnitude the scale and complexity
Ty~ (first observed in LANL FRX Expts.) e o110, o p _ p : . p 5 78 involved in the development of a fusion energy reactor compared
P; Assume a minimal o ~ 2w, and a reasonable ® = 108 rad/sec (160 kHz). One has for for unpleated band is due to energy loss from internal stresses where 10 keV < T, < 30 keV. For LHD the 1 scaling goes like nyg/n,. For large x with any other MFE or IFE concept
) . ! 2 B, 1 a DT plasma at desired scale - r; =0.75 m: 10 ——————————— 0.1 : : : : Uniform Thickness Band . i ; (~ 0.9), the x, scaling should scale as x;*2. To correct fit to the old scaling based _ _ _
From radial pressure balance: | n kT = 5 n, ™y B —1305x10°0—0013T and B —0.108T Band -2 — : Band Pre-folded Pleated” at ~Buckling Freq. on x, ~ 0.5, the coefficient is increased by a factor of 1.624. With a typical & = 10 (2) Provides for a vastly lower cost, risk and a much shorter timescale
My T o = 100X 10 0=001>1 and B =0 Radius 0.5 |- o [oos) 1 pierire-folde : ing x. = ignition: for implementation
) 4 5 02 I B2 ) for Insertion for the FRC and assuming x; = 0.9, one has for ignition: Y
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Restating: Ty, ~N R | Diffusion coef. scales only withn ! | n,=1.54x10 mE 207x10"m™ =T, 2pgkn, 1.40 keV R~ 0 e O I ng =1.07x10 e —— (3) Linear, simply-connected topology solves both material exposure
Band , | 1 LoF | £ A large butreasonable value forB, =30 T. ton contiion issues in blanket as well as exhaust plasma in diverters.
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With data from LSX and other FRC experiments: > Radiated power reduced. ol TN et K_ﬁ 110 ﬁ ] g;gggzr = — == With Tigi = Te*T, =210 eV. : For confinement better than projected:
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