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ABSTRACT

Initial High Harmonic Fast Wave current drive experiments have been
run on NSTX using the 12-element antenna array operating at 30 MHz.
Up to 2.7 MW of rf power was launched into low current (~400 kA) He
discharges for several array phasings. Spectral peaks at 7 m-1 were
obtained both with directional phasing (relative phase shifts of either
+π/2 or –π/2 between adjacent elements) and with non-directional,
“super-dipole” phasing (0, 0, π, π, 0, 0, …). Electron heating and H-
mode transitions were observed for all three phasings. Experimental
results will be presented and comparisons with ray tracing[1, 2] current
drive calculations for these plasma parameters will be made.

[1] T. K. Mau, et al, Proc. 14th Top. Conf on RF Power in Plasmas, in press
[2] A. Cardinali, et al, op cit
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HHFW CD/Phasing studies

• One-half day of operation was dedicated to directional
HHFW spectra for non-inductive current drive study.

• He, 0.45 T, single-null divertor, low current (~370 kA),
ne(0) ~ 2-2.5x1019 m-3, Te(0) ~ 1-1.6 keV,  antenna-
plasma gap ~ 5 cm.

• July 13 (105860-884, 105892-93)

 200 ms, 2.7-3.2 MW rf pulses.

 Phasing for fast phase velocity (kz ~ 8 m-1) heating, co-, and
counter-CD.

 Two lower-power (1-1.9 MW), long pulse (400 ms) co-CD shots
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Array numbering, phase and coordinate conventions
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∆θ = θi+1- θi  > 0 Wave travels in +φ direction,
driving electrons in +φ direction,
hence current in −φ direction.

∆θ > 0 is counter-CD phasing
∆θ < 0 is co-CD phasing

Vi+1 = Viexp(+j(ωt-(θi+1- θi)) ∼ exp(+j(ωt-kφφ))NTOONS phase convention:

Note: RANT/GLOSI uses exp(–i(ωt-(θi+1- θi)) ~ exp(-i(ωt-kzz))
phase convention, opposite of NTOONS.
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HHFW Phased Operation

• Phasings of 00ππ00, +π/2, and −π/2 have the same spectral peaks
and hence similar loading.

• Phase errors on antenna array were typically < 10º.

• Maintaining a match while switching between these three phasings
was not a problem.

• Maintaining constant plasma conditions for long pulses was more
difficult. Plasma typically entered H-mode ~ 50 ms after rf power was
applied.

• Plasma current was kept constant by feedback on loop voltage.
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Symmetric Heating (00ππ00) shot 105868
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Counter-Current Drive phasing (+π/2) shot 105871
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Co-CD phasing (−π/2) shot 105878
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Transmitter load changes somewhat with phase, but adequate match
could be maintained for full pulse at 2.7 MW.

0−0−π−π−0−0 phasing
Good match.

+π/2 phase shift.
Match worsens.

+π/2 phase shift.
Match readjusted.

−π/2 phase shift.
Match adjusted slightly.

Note that spectral peaks occur at same kz for all phasings.



Characteristics of rf heated, co-, and counter-CD shots.
All shots were similar except for antenna phasings.
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Available diagnostics do not detect non-inductive current drive.
No change in loop voltage when wave spectrum directionality is changed.

Symmetric heating

Counter-CD

Co-CD
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Time response of CD was calculated with a simple
1-D power balance calculation

• Lots of simplifying assumptions:
 Zeff = 2.4
 Fixed density,with profile αn  = 0.5
 Fixed temperature profile αT = 3
 Temperature value determined by power balance
 ITER 89P scaling, H = 2. For 3 MW input, gives

τE ≈ 27 ms, T0 ≈ 1.9 keV
 Lots of large aspect ratio approximations
 Ehst CD approximate formulas, gives IHHFW ≈ 200 kA

• For I p = 400 kA, steady-state solutions for co-CD, counter-CD, and
symmetric phasing are:

Co Ctr Symm.
I cd = 200 kA -200 kA 0 kA

Ibs = 160 kA 180 kA 170 kA

Ioh = 40 kA 420 kA 240 kA

Vloop = 0 V 0.4 V 0.2 V
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HHFW current density profile

• We assume that PHHFW is deposited near center with Gaussian profile,
∆/a    ≈ 0.3 (∆ = half-width)
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Response of system with time (with fixed profiles)

 Application of HHFW power increases temperature in ≈ 60 ms
 Loop volts drop quickly due to decreased plasma resistance
 Loop voltage changes significantly in ≈ 200 ms as current profile equilibrates
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Analysis/Modeling of CD operations

• Analysis has begun using the edge density profiles of shot 105868
(symmetric heating)

 this was the first shot for which thorough reflectometer analysis was available.

 Subsequent analyses of CD shots indicates that these density profiles are
generally applicable to co- and counter-CD phasings as well.

• 1-D warm plasma slab code (GLOSI) was used to calculate plasma
impedance matrix boundary conditions for two times in the pulse.

• RANT3D was used calculated the associated power spectra for these BC’s
for three array phasings.

• Ray tracing optics analysis has begun by A. Cardinali and T. K. Mau (see
poster QP1-009).
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Plasma Density Profiles for GLOSI calculations
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Edge density profiles chosen for CD calculations
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Electron Temperature and B-field profiles for CD calculations
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Power spectrum calculated by GLOSI/RANT3D
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SUMMARY

• Initial phased array operation for CD has been performed for relatively
short pulses at relatively high power levels.

 No operational problems were encountered.

 Load match at the transmitters was maintained as the array phase was switched.

 Macroscopic indications of current drive have not yet been observed.

 Initial calculations indicate that rf pulses longer than 200 ms may be needed before
CD affects the loop voltage under constant Ip conditions.

• Future experiments will need more stable plasma conditions for longer
periods of time.

 Longer rf pulses, higher power.

 Phase feedback control will be implemented.

 Motional Stark effect measurements will be available to help diagnosis.

 Attempt current drive operation with zero loop voltage.


