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1.
Overview of planned experiment  

The goal of this experiment is to extend the standard NSTX H-mode scenarios toward aspect ratios and elongations anticipated to be required in many next-step devices, as well as NSTX-Upgrade.

As such, the experiments will do dedicated elongation and aspect ratio scans, as well as sampling equilibria at simultaneously high elongation and aspect ratio. The results will be analyzed with equilibrium and transport codes to determine to how the present database of NSTX results can be extrapolated into this regime.
2.
Theoretical/ empirical justification

A number of recent next-step ST designs have invoked somewhat higher aspect ratio than is typical of NSTX operations. In the near-term, NSTX upgrade must run at higher aspect ratio than the present NSTX, on account of the larger center column. Both NSTX-Upgrade and many next-step designs assume that elongations of 3.0 or higher can be maintained.

It is not clear what the impact of these changes, both individually or in combination, will be on the integrated performance of the SP. The tearing stability could be reduced, as the stabilizing GG&J term in the MRE will be reduced. The core confinement characteristics could be modified or the pedestal dynamics could change. The non-inductive fraction will likely decrease as the edge q is reduced when A is increases; increasing the elongation will likely increase the non-inductive fraction (as long as the confinement is not reduced). It is the purpose of this XP to study & document these effects.

Finally, NSTX has an FY-11 milestone to study the effects of aspect ratio and elongation on integrated performance. This XP is early in a sequence of XPs to fulfill this milestone. Subsequent XPs will focus on stability issues (in the MS TSG) or divertor development (BP TSG). This XP bears the burden for shot development for the subsequent XPs.
3.
Experimental run plan

The discharges in this sequence will be heated with 4 MW of NB heating, with potentially a small amount of source C power early in the discharge to ensure H-mode access.
The shapes and coil currents noted below are based on calculations using the ISOLVER free-boundary equilibrium code, and should be viewed as good approximations to what can actually be achieved.

In case where vertical control is to be frozen, there are two steps: i) set the derivative gain to zero in the system category, and ii) use the relay controller to freeze the ISOLFLUX voltage request.
3.1 Aspect ratio scan at fixed elongation

Base configuration is 700 kA, k=2.7 discharge, with aspect ratio 1.54, with a 20 cm outer gap. These will then be scanned to aspect ratios of 1.65 and 1.75, by changing the outer gap and divertor coil currents; some modifications to the “squareness” request may also be necessary

Roughly speaking, we anticipate that the following shapes can be made:

	Aspect Ratio
	Elongation
	Outer Gap (cm)
	PF-1A Current (kA)
	PF-1A Ratio (kA/MA)

	1.54
	2.7
	20
	7
	10

	1.65
	2.69
	14.3
	13.3
	19.0

	1.74
	2.67
	8
	19.6
	28.0


Take 1-2 discharges in each configuration, recording the results in the following table. Also freeze vertical control for a single shot for the A=1.55 & A=1.75 cases and document the growth rate.

	Shot
	Squareness Requests
	Outer Gap Request
	PF-1A Current Request
	Achieved Elongation
	Achieved Aspect Ratio
	Achieved Outer Gap
	VC Freeze Time

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


3.2 Elongation scan at fixed aspect ratio

Base configuration is Aspect ratio 1.53 and elongation 2.3, with outer gap of 13 cm. The following shapes should then be possible

	Aspect Ratio
	Elongation
	Outer Gap (cm)
	PF-1A Current (kA)
	PF-1A Ratio (kA/MA)

	1.55
	2.7
	13.2
	6.3
	9.0

	1.55
	5.55
	13.2
	11.6
	16.6

	1.52
	2.3
	13.2
	19.3
	27.6


Take 1-2 discharges in each configuration, recording the results in the following table. Also freeze vertical control for a single shot for the k=2.3 & k=2.7 cases and document the growth rate.

	Shot
	Squareness Requests
	Outer Gap Request
	PF-1A Current Request
	Achieved Elongation
	Achieved Aspect Ratio
	Achieved Outer Gap
	VC Freeze Time

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


3.3 Push to simultaneous high elongation and aspect ratio.
Extend the results of the previous two sessions toward the two shapes noted here. It may be necessary to shift the plasma in or out a bit, pending the importance of coupling to the passive plates.

	Aspect Ratio
	Elongation
	Outer Gap (cm)
	IP (MA)

	1.81
	2.95
	20
	750

	1.81
	3.1
	20
	850


Take 1-2 discharges in each configuration, recording the results in the following table. Time permitting, freeze vertical control and document the n=0 growth rates.

	Shot
	Squareness Requests
	Outer Gap Request
	PF-1A Current Request
	Achieved Elongation
	Achieved Aspect Ratio
	Achieved Outer Gap
	VC Freeze Time

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


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

Machine conditions need to be reasonably good for this XP to work. For instance, 900 kA morning fiducials should be lasting at least 1 sec, with ~400 ms “MHD-Free Periods”

Need at least 4 MW of power, and this must include source A for MSE measurements.

Would be best if the XP dedicated to improvements to the vertical controller were conducted first.

PF-2 coils are not necessary. All of these cases will be diverted with PF-1A only.
Full profile diagnostics (MPTS, CHERS, MSE, Prad) are required, as are the Zeff from VB and neutron measurements.
The two different FIDA systems might provide useful data, as might the BES system. However, none of these are a requirement.

5.
Planned analysis

EFIT & LRDFIT for equilibrium properties. TRANSP+NUBEAM for transport analysis and non-inductive current components. Results will also be compared to the database of “recommended” upgrade scenarios.
6.
Planned publication of results

They will be presented at the 2011 APS-DPP meeting and the 2012 IAEA FEC meeting. They will be published in papers associated with those two meetings.
They will also be included in the report for the relevant milestone.
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	Brief description of the most important operational plasma conditions required:

Machine conditions should be “good”, as evidenced by 900 kA morning fiducial shots lasting out past 1 s, with a ~400 msec period free of rotating MHD.

	Previous shot(s) which can be repeated:
Will start from a 700 kA fiducial.

Previous shot(s) which can be modified:


	Machine conditions
(specify ranges as appropriate, strike out inapplicable cases)

ITF (kA):  4.5
Flattop start/stop (s):  
IP (MA):  0.7-0.9
Flattop start/stop (s):  

Configuration: close to DN, maybe slightly biased down 

Equilibrium Control: Isoflux (rtEFIT) 

Outer gap (m):  0.1-0.15
Inner gap (m): will be scanned  
Z position (m): ~0
 
Elongation:  2.3-3.0  Triangularity (U/L):  0.65-0.85   OSP radius (m):  PF-1A diverted
Gas Species: D2  
Injector(s): Standard LFS + HFS for H-mode access  

NBI Species: D
Voltage (kV)
A: 90  B: 70-90  C: 70-90    Duration (s): up to 1.3 sec  
ICRF Power (MW):  0 
Phase between straps (°):  
Duration (s):  
CHI:
Off 
Bank capacitance (mF):  

LITERs: On
Total deposition rate (mg/min): in the vicinity of 25 mg/min  

LLD: Off
Temperature (°C):  

EFC coils:  On
Configuration:  n=3 correction + RWM control


DIAGNOSTIC CHECKLIST
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	
	X

	Bolometer – divertor
	
	

	Bolometer – midplane array
	X
	

	CHERS – poloidal
	
	X

	CHERS – toroidal
	X
	

	Divertor L-alpha array
	X
	

	Divertor visible camera
	
	X

	Dust detector
	
	

	Edge deposition monitors
	
	

	Edge neutral density diag.
	
	X

	Edge pressure gauges
	
	X

	Edge rotation diagnostic
	
	X

	Fast cameras – divertor/LLD
	
	X

	Fast ion D_alpha - poloidal
	
	X

	Fast ion D_alpha - toroidal
	
	X

	Fast lost ion probes - IFLIP
	
	X

	Fast lost ion probes - SFLIP
	
	X

	Filterscopes
	X
	

	FIReTIP
	
	X

	Gas puff imaging – divertor
	
	X

	Gas puff imaging – midplane
	
	X

	H camera - 1D
	
	X

	High-k scattering
	
	X

	Infrared camera – standard
	
	X

	Infrared camera – 2-color
	
	X

	Infrared camera – wide-angle
	
	X

	Interferometer - 1 mm
	
	X

	Langmuir probes – divertor
	
	X

	Langmuir probes – LLD
	
	X

	Langmuir probes – bias tile
	
	X

	Langmuir probes – RF ant.
	
	X

	Magnetics – B coils
	√
	

	Magnetics – Diamagnetism
	
	X

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	
	X

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	X

	Magnetics – RWM sensors
	X
	



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MAPP
	
	

	Mirnov coils – high f.
	
	X

	Mirnov coils – poloidal array
	
	

	Mirnov coils – toroidal array
	
	X

	Mirnov coils – 3-axis proto.
	
	

	MSE-CIF
	X
	

	MSE-LIF
	
	X

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron detectors
	X
	

	Plasma TV
	
	X

	Reflectometer – 65GHz
	
	

	Reflectometer – correlation
	
	

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	

	Reflectometer – SOL
	
	

	RF edge  probes
	
	

	Spectrometer – divertor
	
	X

	Spectrometer – SPRED
	
	X

	Spectrometer – VIPS
	
	X

	Spectrometer – LOWEUS
	
	X

	Spectrometer – XEUS
	
	X

	SWIFT – 2D flow
	
	

	TAE Antenna
	
	

	Thomson scattering
	X
	

	USXR – pol. arrays
	
	X

	USXR – multi-energy
	
	X

	USXR – TG spectr.
	
	X

	Visible bremsstrahlung det.
	
	X

	X-ray crystal spectrom. - H
	
	X

	X-ray crystal spectrom. - V
	
	X

	X-ray tang. pinhole camera
	
	X



