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The mission of NSTX is to evaluate the attractiveness of a compact Spherical Torus (ST) configuration—such as a Component Test Facility1 (CTF)—in reducing cost, risk, and development time for practical fusion energy; to contribute to the physics basis for an ST-based DEMO device; and to use the special properties of NSTX to resolve key burning plasma physics issues anticipated in ITER.  The NSTX Team addresses this mission by advancing fusion plasma science of the ST, which is characterized by strong magnetic field curvature, high T, and low aspect ratio.  Research progress on NSTX through 2006, jointly with the broad Tokamak (ITER) and ST progress in the world, has clarified the main elements for the CTF physics design basis.


Assessments of the CTF1 identified design parameters that limit size, cost, and new R&D needs by operating substantially below the known physics limits.  These limits are expected to be verified in the next decade given continued progress in the present-day ST and Tokamak experiments and the successful operation of KSTAR, EAST, JT-60SA, ITER, etc.  This paper presents NSTX progress toward CTF physics in view of the broader fusion R&D.


The CTF design assumptions include 50-70% of the with-wall N limit, which is demonstrated in long-pulse H-mode plasmas on NSTX and DIII-D, stabilized by strong plasma rotation via error field control or by RWM feedback control when the rotation is slowed.  The qcyl in CTF is assumed to be ~3, whereas stable high-performance operations with qcyl ( 2 have been routinely achieved in experiments.  The electron energy confinement is assumed to be up to 70% of the ITER confinement scaling projection, whereas recent studies on NSTX showed a more favorable trend.  The ion energy confinement is assumed to be up to 40% of the neoclassical projection with Ti/Te = 1.5-2.0, consistent with recent analyses on of hot-ion H-mode plasmas on NSTX and several tokamaks, where Ti/Te ( 3 have been achieved.  The H-mode global energy confinement H-factor is assumed to be 1.3, consistent with the database, so is the assumed density to be 30-40% of the Greenwald limit.  The bootstrap current fraction is assumed to be 50-60%, whereas 50-80% fractions have been achieved in NSTX, DIII-D and JT-60U.   For adequate penetration and driven current, the required neutral beam injection energy ranges from 120 keV to 300 keV, consistent with the present day positive and negative ion beam capabilities. 


On the other hand, as the fusion neutral wall loading is increased from 0.5 MW/m2 to 4.0 MW/m2, the divertor plate heat flux, stemming from a mid-plane power SOL thickness of 1 cm, is estimated to be in the range of 8-24 MW/m2 averaged over the divertor power footprint, due to a lowered parallel heat flux and increased magnetic flux expansion in the SOL compared to the very long pulse KSTAR and ITER designs, which are estimated to be 14 and 20 MW/m2, respectively.  High power NSTX experiments have shown values as high as 6 MW/m2 for a fraction of a second.  Solenoid-free startup in CTF to high plasma internal magnetic fluxes up to 3-5 Wb will be required, whereas only ~1 Wb has so far been achieved in JT-60U.  Plasma gun injection startup was recently tested on Pegasus (U. Wisconsin), producing stable plasma current up to 40 kA, which was twice the toroidal field coil ampere-turn.  Finally, a combined driven current at substantial densities by neutral beam and EBW of 40-50% current fraction is assumed, whereas available data indicate up to 30%.  These are the remaining key R&D needs for the CTF design.

1Peng et al., IEEJ Transaction 125 (2005) 1; Plasma Phys. Control. Fusion 47 (2005) B263.

* Supported by U.S. DOE Contracts DE-AC05-96OR22464 & DE-AC02-76CH03073.

