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Authors: R. Raman, B.A. Nelson, D. Mueller, M. Bell, T.R. Jarboe
1.
Overview of planned experiment  

Transient CHI discharges produced during XP725 will be coupled to induction using the Central Solenoid. 
2.
Theoretical/ empirical justification

Experimental results on the HIT-II Experiment have shown Transient CHI produced discharges to couple to and improve the performance of inductive only discharges. Recently NSTX has produced high levels of closed flux current using Transient CHI. XP 725 will optimize these discharges by reducing the extent of absorber arcing and by positioning the decaying CHI plasma at z=0. This XP will increase the current in the CHI produced discharge using induction from the central solenoid and measure flux savings.
This XP has minor modifications to XP606 and covers only Parts 2 and 3 of XP606. Please refer to XP606 for additional details.
3.
Experimental run plan

3.1
Hand-off to inductive operation using the central solenoid

a) Restore a reference CHI produced discharge from XP725.

b) Close the OH circuit line switches and enable the OH power supply. Starting from the time of peak toroidal current, ramp the OH from zero to -10kA in progressively shorter periods to determine the response of the plasma to induction, as follows:
t1 = time of peak CHI-induced current – 3ms is the time when OH ramp is initiated;
1V/turn: t1 to t1+134ms, 

2V/turn: t1 to t1+62ms, 
4V/turn: t1 to t1+31ms;
Note: Start with the lowest loop voltage to minimize plasma vertical displacement and to provide time to gradually adjust the current in the PF2/3 coils to keep the plasma centered at z=0.

c) As the applied inductive voltage is increased, the plasma current should increases. This may be accompanied by vertical motion of the plasma. Adjust the currents in PF2/3 coils to keep the plasma positioned at z=0. 

d) Using a suitable loop voltage case from step b), repeat steps b) and c) using a small pre-charge in the central solenoid as follows:

+1kA pre-charge and ramp to -9kA

+2kA pre-charge and ramp to -8kA

+4kA pre-charge and ramp to -6kA

+10kA pre-charge and ramp to 0kA

If a pre-charge is found to ease the current ramp-up requirement, reduce to a lower loop voltage.

e) Using a suitable case from b) or d), apply the OH induction for the time needed to ramp the plasma current by about 100% of the minimum of the plasma current during hand-off or by 100kA, whichever is higher. If necessary, use the full -24kA capability of the OH to get to the required current levels.
Using the ratios:

IPF3/Ip = –2.4kA/100kA and 
IPF2/Ip = +1.2kA/100kA. 
Program the current in PF5 approximately in the ratio,

IPF5/Ip = –0.3kA/100kA, to provide radial equilibrium.
· If induction is not able to sustain the CHI-induced current, either:

· Apply a 40ms, 1 – 2 MW pulse of HHFW power phased for plasma heating (0-π), or

· If the CHI-induced plasma current is above 100kA and the edge neutral pressure is below 5E-5 Torr (\ENGINEERING::GS_IG_TORR) during the current decay, apply a 50 ms pulse of NBI at 40-50 keV, initially from one source and adding sources if needed.
f) Use between-shot  EFIT reconstructions to adjust the currents in PF3 and PF2 coils.
g) Attempt to introduce normal feedback control of the equilibrium and plasma current using the PCS after Ip reaches 100kA and after imposing a time delay of at least 25ms from start time of current in the OH coil.

3.3

Assessment of Inductive Flux Saving

a) After reliable, reproducible discharges are obtained, repeat 5 shots using CHI start-up assist. If necessary, use feedback controlled current ramp after an initial phase of pre-programmed current ramp. Based on the observed current evolution, the value for the current setting at which feedback controlled operation commences may need to be revised in the plasma control system software.

b) Develop an inductive startup discharge which reaches the same current and configuration in the same time as the CHI-assisted discharges in a). This will require bipolar operation of the OH, reprogramming the initial PF waveforms and switching to the standard LFS gas injector. Note that since the OH power supply voltage will be limited to 4kV for CHI experiments, some discharge development will be needed. Run 5 shots with inductive-only start-up to measure the poloidal flux consumption under identical current ramp-up conditions. Determine differences in density profile, current profile and temperature profile evolution. 

4.
Required machine, NBI, RF, CHI and diagnostic capabilities

NOTE: Do NOT conduct “hi-pot” tests of any of the NSTX vacuum vessel components above 2kV with either the CHI supply capacitors or the CHI snubber capacitors connected to NSTX, as these capacitors have a rating of only 2kV.

NOTE: Ensure LDGIS interlocks are in the “green” state prior to conducting any “hi-pot” tests.

NOTE: The trained personnel identified in the procedure for changing the capacitor bank configuration should be available during the initial phase of CHI operations when the capacitor bank size is being changed.
The Phantom fast camera is required for this experiment.
Good machine wall conditions are required (low water levels and preferably a very recent boronization of the vacuum vessel)
Configuration

4.1 Connect the CHI capacitor to the CHI bus at the machine and connect the snubber capacitor and the MOV protection devices.

4.2 Reduce the maximum voltage capability on the OH circuit to 4kV (from the normal 6kV).

4.3 Configure PF1B for 2kV operation to drive current in the anti-clockwise direction as seen from above (normal for CHI). Change PF1B RIS and software limits to provide 10kA capability (from the present 5kA). 

4.4 Configure PF2L for 2kV operation, with coil current in the clockwise direction (opposite of normal operation).
4.5 Configure PF4 to have the same polarity as PF5

4.6 Enable the EC-PI klystron #2 to provide the divertor chamber preionization and disable klystron #1 connected to the midplane EC-PI launcher. Apply the EC-PI power from t = -3 to +8ms.

4.7 Configure HHFW for 0-π phasing during heating, if required.

4.8 Operate the NB sources at 40kV acceleration voltage if NBI is needed.

LDGIS system checks
4.9 Ensure LDGIS is in the “Puff” mode and has been tested prior to the experiment.

4.10 Ensure LDGIS gas pressure interlocks (PE107, PE104) are functional.

4.11 Set LDGIS operating line pressure to 100Psig helium.

4.12 Ensure 2000 Torr D2 filling gas pressure in LDGIS system

Pre-operational checklist

4.13 Ensure MIG and Penning gauges are selected for operation.

4.14 Remove CHI jumpers.

4.15 Check TF interlock is set to 10kA.

4.16 Check for the appearance of ionization light on the fast camera during the EC-PI pulse to ensure correct triggering.

5.
Planned analysis

The magnetic analysis codes LRDFIT and EFIT will be used to analyze the plasma equilibrium. It is hoped to be able to use data from the MPTS and other kinetic diagnostics to supplement the magnetic data for the assessment of flux closure.

6.
Planned publication of results


These results will be published at meetings and in journal articles.

PHYSICS OPERATIONS REQUEST

Title: Coupling a Transient CHI Discharge to OH
OP-XP-726
Machine conditions (specify ranges as appropriate)

ITF (kA): -41 to -52
Flattop start/stop (s):  -0.02 / 0.7

IP (MA): 0.5
Flattop start/stop (s):  n/a
Configuration: CHI transitioning to CS limited
Outer gap (m):
N/A,
Inner gap (m):
N/A
Elongation :
N/A,
Triangularity :
N/A
Z position (m):
0

Gas Species:  D,
Injector:  LDGIS + LFS midplane

NBI-
40kV to 60kV D0 injection, 20ms pulse


ICRF-
Up to 2MW in the heating phasing (0-π).

CHI-
Capacitor bank operation, 2 – 5 capacitors active

Shot numbers for setup: 120870, Other useful shot numbers: 120888, 120890  

DIAGNOSTIC CHECKLIST

Coupling a Transient CHI Discharge to OH
OP-XP-726
	Diagnostic
	Need
	Desire
	Instructions

	Bolometer – tangential array
	X
	
	* Use when reproducible conditions are achieved

	Bolometer array - divertor 
	
	X
	

	CHERS
	
	
	

	Divertor fast camera
	
	X
	

	Dust detector
	
	
	

	EBW radiometers
	
	
	

	Edge pressure gauges
	X
	
	

	Edge rotation spectroscopy
	
	X
	*

	Fast lost ion probes - IFLIP
	
	
	

	Fast lost ion probes - SFLIP
	
	
	

	Filterscopes
	
	X
	

	FIReTIP
	
	X
	*

	Gas puff imaging
	
	
	

	Halpha camera - 1D
	
	X
	*

	Infrared cameras
	
	X
	

	Interferometer - 1 mm
	
	
	

	Langmuir probe array
	
	X
	

	Magnetics – Diamagnetism
	X
	
	

	Magnetics - Flux loops
	X
	
	

	Magnetics - Locked modes
	
	
	

	Magnetics - Pickup coils
	X
	
	

	Magnetics - Rogowski coils
	X
	
	

	Magnetics - RWM sensors
	
	
	

	Mirnov coils – high frequency
	X
	
	

	Mirnov coils – poloidal array
	X
	
	

	Mirnov coils – toroidal array
	X
	
	

	MSE
	
	X
	

	Neutral particle analyzer
	
	
	

	Neutron measurements
	
	
	

	Plasma TV
	X
	
	

	Reciprocating probe
	
	X
	

	Reflectometer – core
	
	
	

	Reflectometer - SOL
	
	
	

	RF antenna camera
	
	
	

	RF antenna probe
	
	
	

	SPRED
	
	X
	

	Thomson scattering
	
	X
	*

	Ultrasoft X-ray arrays
	
	X
	*

	Ultrasoft X-ray arrays – bicolor
	
	X
	*

	Visible bremsstrahlung det.
	
	X
	*

	Visible spectrometer (VIPS)
	
	X
	

	X-ray crystal spectrometer - H
	
	
	

	X-ray crystal spectrometer - V
	
	
	

	X-ray fast pinhole camera
	
	X
	*




























