32nd EPS Conference on Plasma Phys. Tarragona, 27 June - 1 July 2005 ECA Vol.29C, P-1.064 (2005)

Transient CHI for Solenoid-free Plasma Startup in NSTX*
R. Ramah M.G. Belf, T.R. Jarbot D. Muelle?, B.A. Nelsor}, J. Menard

and the NSTX Research Team

1. University of Washington, Seattle, WA, USA
2. Princeton Plasma Physics Laboratory, Princeton, NJ, USA

Elimination of the central solenoid is a consideration foture toroidal confinement
devices which will then require alternative methods for initiating the plasma current. A
method of nonnductive startup, referred tas coaxial helicity injection (CHI) is being
investigated on the National Spherical Totasperiment (NSTX).As shown in Figure 1,

CHI is implemented on NSTXL] by driving current along field lines that connect the inner
and outer lower divertor plates, whi@reelectricallyinsulated from each other by ceramic
rings at the bottom and tophe plasmacurrent isproduced by discharging a capacitor bank
betweenthesecoaxial electrodes in the presence of toroidal and poloidal magnetic fields.
The initial poloidal field configuration is chosen such that the plasma rapidly expands into
the diamber. When the injected current is rapidly decreased, magnetic reconnection occurs
near the injection electrodes, with the toroidal plasma current forming closed flux surfaces.
The methodhas been successfully developed on the-HiBxperiment to produce 1A of

closedflux toroidal curreng2].

1. Requirementsfor Transient CHI

For the transient CHI process the capacitor bank must satisfy certairereguts. First
there must be sufficient energy in the capacitor bank to produc¢éubbleburst current.
The bubble burst current requiremdBi is that the injector current i exceecHJzinj/ k..
HereW,;, is the injector flux produced by the lower divertor coils &nis the currenin the
toroidal fied coil. The strong dependence of the required injectirrent on the injector flux
and the weaker dependence on the current in the toroidal field coil hawdxéieed in the
HIT-1I experiments and in previous NSTX experiments. Forhighestinjector flux values
of interesin NSTX, based on previous experiments in NSTXigector current of up to 35
kA may be needed for transient CHI experimehktswever at lower values of the injector
flux, the injector current requirements are much l&s22 kV, 50 mF capacitor banthat
easily satisfies this requirement was designed and built for NSTX experiments.
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The second requirement is related to how quickly the CHI digehaan fill the vessel,
which dependson the applied injector voltage as this sets the rate at which toroidal flux
moves across the injector and absorber gaps. For noNM81X conditions at 0.3 T on axis,
there is about 1.4 Wb of toroidal flux inside th8 X vessel. For 50U across the injector
electrodes, the time needed to displace all of the toroidal flux within the vacuum vessel is
about 2.8 ms. Doubling the injector voltage will reduce this time to about 1.4 ms. Again, the

guarter cycle pulse duraticof the capacitor bank in NSTX satisfies this requirement.

The third requirement is that there should be sufficient energy in the capacitor bank to
fully ionize and heat all of the injected gas. Typically about 50 eV is needed per ion for
ionization andabout 60 eV per ion to increase the plasma temperature to 20r@V.
experiments conducted during 2004, this condition was marginally satisfied because gas

breakdown limits did not permit injecting less gas.

The fourth condition defines the maximum toroidal plasma current that can be produced
in terms of thebalance between inductive and capacitive stored endiiyl,” = /,CV2
The inductance ahe toroidal plasma current on typical closed flux sugageNSTX is0.5
to 1 pH, which for the NSTX capacitor bank size should provide a maximum toroidal

current capability of over 40QA.

A final requirement is that the fluXfootprints’ on the CH electrodes should be
sufficiently narrow To produce thiscurrents need to be provided in the external poloidal
coil system to maintain the CHI produced discharge in equilibriBatoidal cols in the

vicinity of the injectorprovide this capability.

2. Recent NST X hardwar e upgrades and experimental results

An initial test of transient CHiwas conducted on NSTX during 2004. Toroidal plasma
currents up to 14RA were produced for injector currents of only 44, represating a
multiplication factor over 30. However, an unambiguous demonstration of closed flux
beyond the end of the injection pulse was not achieved because the electron temperature,
measured by Thomson scattering to be about\leak, was too low for the/R decay
time of the toroidal plasma current to exceed the RC decay time of the injector current.
Three areas for improvemewereidentified: (1) doubling the injector voltage t&k¥ and
improving the gas preionization to allow breakdown at lower ga&sspre, thereby

increasing the overall energy input per particle, (2) reducing the separation of the injector
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flux footprints on the electrodes to promote reconnection and detachment of the plasma, and
(3) improving equilibrium control of the evolving disrge.

For experiments that commenced in 2005g® preionization method for initiation of
CHI discharges at vessel gas pressures comparable to that used for normal inductive
operation was successfully testdal.this method, fer injecting< 7 x 10" moleculesof D,
in the region below the lower divertor plates, K of 18 GHz ECH power wasalso
injected in the cavity below the lower divertor platd$ie ECH preonized the injected gas
resulting in a combination of méral gas and ionized plasneaterng the \essel through the
lower divertor gap across which the capacitor bank voisgpplied.Toroidal field and gas
pressure scans were conducted to determine optimum conditions famizegion. As
required, the préonized plasma successfully coupled tod anitiated a high current
capacitor bank discharge. This asfactor of ten reduction in gasput compared tothe
minimumin 2004, an important conditiomeededo increase the energy per particle.

In order to rapidly quenchhe injector currentfter the CHI discharge has filled the
vessel,acrowbar systenhas been installed this year asdccessfully testedifter the main
ignitron switch is triggered to discharge the capacitor bank adhesdower divertor
electrodesa second ignitron is triggereadter a suitable delayhis discharges theft over
capacitor bank energy throughaav (50 to 100 ®hm) resistor, causintipe injector current
to decayon a few ms time sda. Using a 25 mF gacitor charged to970 Volts several
dischargeswvere produced with toroidal currenip to 100 kA The current multiplication
factorsreached60 at peak injector currergnd approached 70 towards the end of the
dischage, approaching conditions necessary for the observation of toroidal current
persistence after the injector current is reduced to Zercexample of such a discharge,
from ongoing experimentatampaigris shown in Figuré.

In summary, recent hardwar@gnprovements to NSTXare enabling generation of
transient CHI discharges in NSTX which are very close to showing current persistence
beyond the time duration of thejeéctor current, which is a peqjuisite before CHI produced

discharges could be coupleddther current ramjup methods.
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Figure 1:The NSTX Machine layout showing the locations of the upper and lower insulator
rings which allow the inner divertor plates and center stack to be biased with respect to the
outer componentsg-igure on the right shows how CHI is implemented in NSTX.
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Figure 2. Recemn Transient
CHI discharge in NSTX.
Shown are from top to
bottom, the voltage across
the injector (lower divertor)
electrodes, the injector
current, CHI  produced
toroidal current and the ratio
of the toroidal current to the
injector current. Note that
the curret multiplication
increases asthe injector
current  decreases, and
reached values of up to 170.
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