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Previous work:

• Using a new CHI specific capacitor bank, the method was
tested in NSTX during Fy04 operations.

• Use of the capacitor bank allowed for reliable discharge
initiation and operation over a wide range of gas pressure and
injector flux conditions.

• Analysis of the results pointed to four areas for improvement.

These were:

(1) The need for improved pre-ionization so that the
amount of injected gas could be reduced by a factor of at
least four. This would provide more energy per particle
(from the fixed capacitor bank energy). The required
capacitor bank energy per particle should preferably be
about 100eV so that after losses the resulting plasma could
burn through radiation barriers and reach modest
temperatures of about 30eV or higher.

(2) Increasing the capacitor bank voltage closer to the 2kV
levels would allow breakdown at lower gas pressures and
increase the available energy by a factor of four over what
was available for Fy04 runs, while maintaining a short
pulse time.

(3) Reducing the injector flux footprints, which has been
made easier as a result of a redesign of the PF1A coil, to
allow easier detachment of the CHI produced plasma and

(4) Improved equilibrium control.



Reduction of flux footprint and equilibrium control
- Brian Nelson’s XFLUXNSTX code used for vacuum field
calculations
- Jon Menard’s iSolver code used for equilibrium coil current
calculations

Fy 04 reference shot (114348 at 10ms) used wide footprints – No plasma detachment



Run 10: PF2L = 0, PF1AL = -2, PF1B = +4 : Narrow footprint condition



Run 11: PF2L = -0.5kA, PF1AL = -2, PF1B = +4 : Small variation in PF2L possible



Run 12: PF2L = +0.5kA, PF1AL = -2, PF1B = +4 : : Small variation in PF2L possible



Equilibrium calculations:

Start with:

PF1B = +4kA
PF1AL = -2kA
PF2L = 0
Ip = 100kA, with plasma positioned at (R,Z) = (0.9m, 0m)
Minor radius = 0.5m, k = 2, ∂ = 0.4

Very hollow current profile



Run 5: PF1AL = -2, PF1B = +4, PF2L=0, PF5 code calculated, Ip=100kA





Run 6: Increase PF1B to +5kA





Run 7: Increase Ip to 200kA



Run 7



Run 8: Increase Ip to 300kA



Run 8



Run 9: Reduce PF1B to 4kA, Keep Ip = 300kA



Run 9:



Run 10: Reduce Ip to 150kA



Run 10:



Run 11: Reduce PF2L from 0 to -0.5kA



Run 11



Run 12: Increase PF2L from -0.5 to +0.5kA



Run 12



Run 13: Change Ip profile index from 9 to 5 [(1-psi^4)+5psi^2]



Run 13



Run 14: Change Ip profile index from 5 to 1



Run 14:



Run 15: Reduce PF1AL to 0



Run 15



Summary table

Run
No

Ip PF1B PF1AL PF2L PF3L PF5 PF3U PF2U PF1AU I_index

5 100 4 -2 0 -1.1 -0.44 -0.54 0.25 0.13 9
6 “ 5 “ “ -1.2 -0.46 -0.66 0.82 0.25 9
7 200 “ “ “ -1.8 -0.75 -0.94 0.43 0.24 9
8 300 “ “ “ -2.5 -1.0 -1.3 0.45 0.28 9
9 “ 4 “ “ -2.4 -1.0 -1.2 -0.3 0.13 9
10 150 “ “ “ -1.6 -0.63 -0.8 -0.4 0.21 9
11 “ “ “ -0.5 -1.2 -0.6 -0.68 0.12 0.13 9
12 “ “ “ +0.5 -1.8 -0.6 -.87 0.7 0.27 9
13 “ “ “ “ -1.7 0.65 -0.84 0.70 0.27 5
14 “ “ “ “ -1.3 -0.87 -0.61 0.49 0.26 1
15 “ “ 0 “ -1.3 -0.88 -0.59 0.35 0.24 1

Magnetic field calculations near the ECH window (M. Bell)



Shown are the field components and the total field as a function of
radius along the port tube for a TF current of -40kA and for PF currents
we might expect in CHI experiments at the time when the ECPI would
be applied. The yellow shaded area represents the range where the
total field could be as the PF currents are varied (together) from zero
to the values shown. With the fundamental resonance inside the
divertor chamber, the second harmonic resonance could indeed be
right at the window. We need to assess the risk that this might pose.



Commissioning day

Configure TF for 0.4T and other coil currents as calculated in the
summary table.

Inject from Branch 5 (500 to 2000 Torr in 500 Torr steps) at t = -
15ms. Reduce to < 500 Torr if possible.

Inject ECH from –3 to +7ms.

Vary gas injection from –15 to 0ms to optimize discharge initiation
time. Check for pressure pulses in lower divertor with the Penning
gauge and for light between the lower divertor plates using a fast
visible camera.

If discharge promptly initiates at 0ms, reduce the duration of ECH
after t=0ms.

Using the 2 capacitor configuration, test for breakdown as a function of
flux footprint width and voltage.

PF1B=+4, PF1AL = -2, PF2L (-1,-2, 0, 0.5, 1)
Initially try to obtain breakdown at 1kV.

Main XP

Using 2 capacitors, establish the maximum current that can be
achieved while minimizing the gas pressure and flux footprint width.
Then increase the number of capacitors and couple to induction and
diagnose as described in Fy04 run plan.

Operation at higher voltage

Take the best conditions obtained at 1kV and increase the voltage in
steps of 100V (in the 2 capacitor configuration), while reducing the gas
pressure.

If plasma detachment is still not observed, further reduce the flux
footprint.


