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Central fueling of a magnetically-confined fusion reactor is critical to overall energy production efficiency.  The use of accelerated compact toroids (CTs) to centrally fuel a tokamak plasma has been investigated. Penetration of a CT into tokamak plasma requires both magnetic field pressure and hydrodynamic pressure to be overcome.   Theoretical estimates indicate that magnetic field pressure dominates for local beta up to 50% [1]. In such low magnetic pressure systems, CT penetration occurs when kinetic energy density exceeds magnetic field pressure, ctv2>B2/o.  The spherical tokamak (ST) with its low toroidal field, is therefore a natural candidate for CT fueling.  The high poloidal beta of ST plasmas further enhances the penetration condition, since the ST plasma is predicted to be diamagnetic at the critical p = 1 condition [2].  The transition from para- to diamagnetism for the NSTX plasma was simulated using the TRANSP code [3]. The simulation shows the formation of a diamagnetic well in the center (high beta region) of the plasma which naturally attracts the incoming CT.  Vacuum field testing of the diamagnetic field effect has demonstrated the attractive effects on CT penetration [3].


For fueling application, two important tasks are to quantify and control CT velocity, and to maximize CT density. Time-resolved velocity has been measured near the CT formation region using He II line blue shift, while the CT velocity in the acceleration region is obtained magnetically. These two measurements have improved our understanding of the CT formation/acceleration process.  Gas puffing during CT acceleration has greatly increased the CT density and its kinetic energy density. The conversion efficiency between capacitor stored energy and CT kinetic energy can be as high as >20%. 
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Fig. 1 CT Doppler velocity.       Fig 2:  CT density rise with gas puffing, maintaining velocity
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