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NSTX EXPERIMENTAL PROPOSAL

Momentum Confinement and Effect of Rotation on Energy Confinement
OP-XP-723 

1.
Overview of planned experiment  


This purpose of this XP is to use the EF/RWM control coils in order to vary the plasma rotation to study momentum confinement and to study the effect of rotation on energy confinement. One plasma condition (i.e., beam power, current, toroidal field, etc) will be used for this particular study, but the current to the EF/RWM control coils will be varied. These effects will be studied both in steady-state and perturbatively.

2.
Theoretical/ empirical justification


The study of momentum confinement, and studies of the role of rotation on energy confinement and local transport have not been performed on NSTX in a meaningful, dedicated fashion. Results of these studies would have direct impact on high priority ITPA issues as well as on the 2008 NSTX Joule milestone.
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Data from 2004 and 2005 indicated no statistical dependence of energy confinement on plasma rotation (see figure below). Plotted is the thermal energy confinement time enhancement as a function of central toroidal rotation velocity (off-axis rotation values yield the same lack of correlation).

Dedicated scans were not performed up to this point, but there is strong theoretical evidence linking the strength of rotation, and in particular ExB shear, to suppression of low-k turbulence, which may be why the ion transport on NSTX is often close to the neoclassical level.

Additionally, the momentum diffusivity, which has been tied in with ion thermal transport in conventional aspect ratio devices, appears to correlate neither with the ion nor the electron thermal transport in NSTX. This may be due to ITG modes being suppressed by the strongExB shear in NSTX, as it is the ITG mode at conventional aspect ratio that is believed to be responsible for the close relation between the momentum and the ion thermal diffusivity. Modifying the rotation (and ExB shear) in a non-resonant fashion using the EF/RWM control coils will help in our understanding the source of the momentum transport in NSTX.
3.
Experimental run plan

In this XP, we will use a relatively MHD quiescent discharge as baseline, similar to the discharges from XP532 (energy confinement scaling), with two sources. These discharges have relatively long “steady-state” ((400 ms), periods. Alternatively, we would use a discharge with optimal error field correction developed early in the run, if available.
There will be two phases of XP:

1. Steady-state application of EF/RWM field to test effect of rotation on energy and impurity transport, determine “steady-state” momentum diffusivity/confinement

2. Perturbative application of EF/RWM to determine momentum diffusivity & pinch from transients. The transients will be spaced by  (20-50 ms). Below is the suggested shot list.

· Steady-State (10-12 discharges); including baseline development

· Determine maximum EF/RWM current for achieving near zero rotation (Imax), and the change in rotation for 1/3 Imax and 2/3 I​max. If not much, or too much change at these values, we will adjust them for the scans. For now, we will assume that the 1/3 and 2/3 values. The target Imax for attaining zero rotation is approximately 600 A (this will be verified during the scan).
· EF/RWM on at 300 ms
· Four conditions (2 shots/condition) – 8 discharges

[image: image1]

[image: image2]

[image: image3]
The reason for the step-up and step-down blips is to determine whether there is some hysterisis in the momentum diffusivity. In the step-up and step down transients, the width of the transient (50 ms here) will be adjusted if necessary to ensure the rotation has reached a steady-state in preparation for the next blip. Same for the spacing between the clusters of blips; we want to make sure the rotation has settled into a steady-state. The step-up and step-down blips, and the mono-amplitude blips, will be used to deduce the momentum diffusivity. The effect of rotation on confinement will be deduced primarily from the steady application of the EF/RWM current. The two-step blips are lower priority.

Below is the shot list in tabular form.
	Case
	IRWM Type
	IRWM
	IRWM Timing

	1
	Steady-state
	0
	

	2
	Steady-state
	Max (600 A?)
	

	3
	Steady-state
	2/3
	

	4
	Steady-state
	1/3
	

	5
	Perturbative
	Max
	Vary blip widths in sequence

	6
	Perturbative
	Max
	

	7
	Perturbative
	2/3
	

	8
	Perturbative
	1/3
	

	9
	Perturbative
	1/3, 2/3, Max
	3 step-up

	10
	Perturbative
	Max, 2/3, 1/3
	3 step-down

	11
	Perturbative
	1/3, 2/3
	2 step-up

	12
	Perturbative
	2/3, 1/3
	2 step-down


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


NPA for determining the level of fast ion loss, if any.

5.
Planned analysis


EFIT, TRANSP, etc.

6.
Planned publication of results


APS, journal article, ITPA

PHYSICS OPERATIONS REQUEST

Momentum Confinement and Effect of Rotation on Energy Confinement
OP-XP-723 

Machine conditions (specify ranges as appropriate)

ITF (kA): 54 kA (0.45 T)
Flattop start/stop (s):  _____/_____
IP (MA): 0.9 MA
Flattop start/stop (s):  _____/_____
Configuration:  Lower Single Null 
Outer gap (m):
_____,
Inner gap (m):
_____
Elongation :
2.1,
Triangularity :
0.6 (lower)
Z position (m):
0.00
Gas Species:  D ,
Injector:  Midplane
NBI - Species: D,
Sources: A/B/C,
Voltage (kV): 90 keV,
Duration (s): _____


ICRF – Power (MW):      ,
Phasing: Heating / CD,
Duration (s): _____
CHI:   Off
Either:
List previous shot numbers for setup: 120964, or a recent shot with optimized startup and flattop
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Or:
Sketch the desired time profiles, including inner and outer gaps, , , heating, fuelling, etc. as appropriate. Accurately label the sketch with times and values.

DIAGNOSTIC CHECKLIST

Momentum Confinement and Effect of Rotation on Energy Confinement
OP-XP-723 

	Diagnostic
	Need
	Desire
	Instructions

	Bolometer - tangential array
	(
	
	

	Bolometer array - divertor 
	
	
	

	CHERS
	(
	
	Both toroidal and poloidal required

	Divertor fast camera
	
	
	

	Dust detector
	
	
	

	EBW radiometers
	
	
	

	Edge deposition monitor
	
	
	

	Edge pressure gauges
	
	
	

	Edge rotation spectroscopy
	(
	
	

	Fast lost ion probes – IFLIP
	
	
	

	Fast lost ion probes – SFLIP
	
	
	

	Filtered 1D cameras
	
	
	

	Filterscopes
	(
	
	

	FIReTIP
	(
	
	

	Gas puff imaging
	
	(
	

	High-k scattering
	(
	
	

	Infrared cameras
	
	
	

	Interferometer – 1 mm
	
	
	

	Langmuir probes - PFC tiles
	
	
	

	Langmuir probes - RF antenna
	
	
	

	Magnetics – Diamagnetism
	
	(
	

	Magnetics – Flux loops
	(
	
	

	Magnetics – Locked modes
	(
	
	

	Magnetics – Pickup coils
	(
	
	

	Magnetics - Rogowski coils
	(
	
	

	Magnetics - RWM sensors
	
	(
	

	Mirnov coils – high frequency
	
	(
	

	Mirnov coils – poloidal array
	
	(
	

	Mirnov coils – toroidal array
	
	(
	

	MSE
	(
	
	

	Neutral particle analyzer
	(
	
	

	Neutron Rate (2 fission, 4 scint)
	(
	
	

	Neutron collimator
	
	
	

	Plasma TV
	(
	
	

	Reciprocating probe
	
	
	

	Reflectometer - FM/CW
	
	
	

	Reflectometer - fixed frequency homodyne quadrature
	
	
	

	Reflectometer - homodyne correlation
	
	
	

	Reflectometer - HHFW/SOL
	
	
	

	RF antenna camera
	
	
	

	RF antenna probe


	
	
	

	Solid State NPA
	
	
	

	SPRED
	
	
	

	Thomson scattering - 20 channel
	
	
	

	Thomson scattering - 30 channel
	(
	
	

	Ultrasoft X-ray arrays
	(
	
	

	Ultrasoft X-ray arrays - 2 color
	
	
	

	Visible bremsstrahlung det.
	
	
	

	Visible spectrometers (VIPS)
	
	
	

	X-ray crystal spectrometer - H
	
	
	

	X-ray crystal spectrometer - V
	
	
	

	X-ray pinhole camera
	
	
	

	
	
	
	

	
	
	
	


Shot		Condition


1		IRWM=0


2	 	IRWM=IMAX


3		IRWM=1/3 IMAX


4		IRWM=2/3 IMAX
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Constant EF/RWM “blips” for transient analysis (total 6 discharges)





Shot		Condition


1			Imax


2			2/3 Imax


3			1/3 Imax


__________________________





Step-up “blips” (total 4 shots)





Shot		Condition


3 steps


2 steps








2			2 steps
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Step-down “blips” (total 4 shots)





Shot		Condition


           	3 steps


              	2 steps




















Total: 24 shots (a healthy day)
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