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GF Original ACOUSTIC MTF Concept Plasma Target Development: Large Injector Plasma Target Development: Small Injectors Plasma Compression Tests (PCS program)

General Fusion’s original Magnetized Target Fusion (MTF) concept involves General Fusion’s Pil and Pi2 systems further demonstrated compression Multiple plasma injectors have been designed and tested at General
compressing an initial magnetically confined plasma (t; >100 msec) with a heating of a spheromak to over 300 eV and 3.2T magnetic fields. Fusion. They have been built on a reduced scale to reduce iteration time
1000x volume compression in ~100 microseconds. If near adiabatic Unfortunately, energy confinement of the CT at the end of the acceleration and expense and allow a variety of geometries and overall safety factor
compression is achieved, the final plasma would produce reactor relevant section can be negatively impacted by high levels of residual pushing (g) to be explored.
fusion energy gain. (see initial and final plasma parameters below) current.
General Fusion’s newest large injector, Pi3, is designed to demonstrate ~30cm
* Pistons kinetic energy: 120 M) formation of a large spherical tokamak target suitable for use in a large scale
-+ Initial plasma density: 1.25E23 m™ magnetized target fusion prototype system, such as our upgraded concept.
* Initial plasma temperature: 100 eV The technology may also have applications in solenoid-free startup in
* Initial magnetic field: 7 Tesla steady-state spherical tokamak systems. |
* Initial plasma radius: 20 cm
« Radial compression: 9.76
 Energy transfer to plasma: 14 MJ
* Maximum fluid-plasma velocity: -2609 m/s
* Peak plasma density: 1.16E26 m™>
* Peakplasma temperafurez 24.6 keV All of the plasma results shown previously should be interpreted in the
e Peak plasma pressure: 4.7 Mbar L _
. Peak magnetic field: 665 Tesla y context of General Fusion’s goal of developing an M_TF power pl_ant. Our
. Confinement time ﬂ ‘I I .l plasmas need to be appropriate targets for ~adiabatic compression by a
«  (FWHM of plasma density): 6.93 us collapsing metal wall.
| In order to better diagnose the behavior of our magnetized plasma targets
* Fusion energy produced: 704 M) Magn et'?/ggi'n g Test PROSPECTOR SPECTOR: Spherical under compression, our initial compression tests are done in the field with
* Energy gain: 5.9 Compact Toroid chemically accelerated Aluminum walls. This testing program has generated

fourteen successful tests to date (see posters in this session). The PCS
program is an economical, diagnosable way of studying our plasmas under
compression. The power plant plan uses compression by liquid metal walls.

Spheromak Plasmas (g<1): Large improvements in magnetic and

Magnetic fields above 100 T will vaporize the liquid metal surface. This thermal lifetime were made on the MrT style single-stage injectors. The

vaporized material presents two risks: first, the vapor has low electrical greatest improvement came by modifying the global g profile by
conductivity, allowing the magnetic flux to diffuse through vapor and escape maintaining small amounts of poloidal gun current after the main formation Good progress has been made in the first 14 PCS tests shown below:
the flux conserver; and secondly, depending how far it penetrates into the pulse to avoid rational surfaces and to “sustain” plasma life. 6 - - — . . :
plasma, the vapor may cause instabilities or high radiative losses. These | | mcolmamamoentn POlOIdal B(£) during Compression
effects limit the maximum operating magnetic field when compressing on Both PROSPECTOR a”d SPECTOR devices Ca_n produce.sphgrlcal 54— Fest l . !
> 1 us timescales. tokamgk ta_rge_ts by forming plasma into a pre-existing tor0|da! field, — pesa %met: :
producing lifetimes up to 2 msec, and electron temperatures in excess of 4 PCSS ! 7 Y | bCS 13
. . . 2 " " " " . ma — PCS9 | PCS 12 I
GF Upgraded to Spherlcal Cawty, Slower Liner T, 2400eV (see GF poster on Thomson Scattering in this session) L_ N :Eggﬁ :
o ; I
5 5 I
General Fusion has updated its concept with a larger plasma target, slower 04- Spector Shot #8366 § 2 \ A
compression, and lower peak energy density. No impact or shock wave. The 03— & - EPO: Eleadpll-?teh % e ﬂﬁ% ' orcTOR =
cylinders are filled with liquid metal and the pistons push this liquid | d‘z:s:‘*-’w-_ . ngl FIﬁ: ngi%p)lane) I A ey e ans e WAL A | geometry
smoothly into the chamber, compressing the plasma. With a slower 2 09— — Bpol Fiyer (Low) e DS , |
compression time better energy confinement is required, and General Fusion ° N o e
has therefore moved to a spherical tokamak plasma target. " ‘,‘ . | . - [ | . | .
The non-acoustic / direct drive system also allows General Fusion to polidalFekd (~plasma curnt) decays esisively trough 6 e T aimove &t time from startof compression e E e e
implement technology that creates a quasi-spherical (non-cylindrical) cavity 0.0 %J .................. sl b I ot o emm— L . , _
in the liquid metal. Combined with the driver array, this geometry provides 150( Once radlgtlon was eliminated as th-e. domlr_lant energy Iqss during o
for a nominally self-similar compression of the plasma. Rotation of the fluid compression after PCS7, MHD stability during compression was the limit
establishes the cavity, and the preservation of angular momentum of the — FIR Interferometer Density The addition of shaf_t current on PQSlZ and better compression geometry
fluid during compression helps stabilize the wall against Rayleigh Taylor 100 on PCS13 resulted in the next big improvements.
instabilities. Stabilization of the liquid cavity £ PCS 13 (MrT2 Shot 4915)
wall against instabilities (as first o P T
Power Plant Specifications demons’Frated in the LINUS program 50 Density rises as plasma current decays throughout shot . 250
at NRL) is a core element of the Hit density limit near end of discharge L.
Initial plasma density: 2E20 m3 slow liner design. 1.0 2003 Wall move PCS13
Initial flux conserver radius:  2.2m Compression experiments at e B i B B Mol il 2ol Wh: ﬁW\ \ ;
Initial plasma temperature: 1.3 keV General Fusion, with multi-channel 30m\Velg — Sawteeth seen in Soft Xray Diagnostic : . 00 = 1 o grome s
Initial on axis B field: 17T drivers and a fast rotating (1000 | J . | eetmee W1
Initial B: 20% RPM) liquid liners in 2D and pseudo 04~ . —
. . . . . 90— . -
L 3D (bowtie) compression geometries s » — AXUV 5 um filter . No Shatt Current Rarp
Initial shaft current: 4.7 MA show good stability of the fluid wall | - < - — AXUV 10 um fiter
Initial plasma current: / MA over 10X radial compression ratio. EAxis of rotation 10 - Bl ™ 450' T
Compression 6.5:1 linear in 33 ms ) 80 mm ] 1 :
CFD simulations in OpenFOAM demonstrate that varying the drive pressure | — P T Further improvement of MHD stability was achieved on PCS14 by ramping
Final plasma density: 6.5E22 m3 and/or drive timing as a function of poloidal angle provides control over the 00 05 Time [ms] g T 20 the shaft current during wall move such that it roughly balances the increase
Final plasma temperature: 38 KeV geometry of the collapsing cavity. in plasma current.
Final B: 50% The temperatures and thermal confinement times of these plasmas are
, , within the range needed to be considered as targets for adiabatic Average_T, et
Time at peak compression: 1.2 ms compression to fusion conditions. Our plasma development can now have 1 2Tesla - g 300 PCS14 (MrsT2 Shot 5195)
DT Yield: 490 M increased focus on performance of our CTs under compression. We are . Ly
addressing this issue through a combination of simulation and experiment. N N d”fri“ﬁﬁfoﬁﬁffi\sa:n // L
The image at right shows General Fusion’s N Pre PCS 14 shot (MrsT2 #5158) | et [ o=
proposed Prototype SyStem, W|th the Relatively long lived SPECTOR shot in the run up to the PCS 14 field test :_-é . ;S, TS : / o
formation plasma shown at left, and . : V / o
compressed plasma on the right. This s "] —— B poloidal z=207 =54 o 04 | e |5 e ==
Prototype system is being designed to achieve ) ) E — Fitlr Seope 671 nm > IR T
fusion-relevant temperatures at low repetition L L« § 04+ TS 8 ol *2] narsgpaan [
rate (once per day), at below break-even scale. Time: 2.775000 millis Time: 2.887500 millis g :i o _ ' L
The Protptype system will use a liquid l'th'u,m Above (left) cross-section shows a compressed, elongated cavity from equal "0z~ ‘ *\ TE% > o M e > o .
drive flwd and compress a.~1.5 m outer rgdlus pressure drive pressure, where above (right) shows a more self-similar Late in the plasma discharge, a sequence of IRE's (sawseth istypic.:a ; | | 5 |
spherical tokamak plasmg in ~4 ms. A solid compressed cavity geometry when the drive pressure is reduced towards the - _% oo Here seen on both poloidal field and visible (edge) light hm;%x . Further improvements in s_tablllty are being pu_rsued through management
center sh.aft and.cones will provide access for equator. By adhering to, or deviating from, a self-similar compression, the T T ™ ™ i T 3;“ L. of the plasma current profile (and thus g- profile).
system diagnostics. compression geometry can be optimized for plasma stability. | | | ms | | |




