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NSTX EXPERIMENTAL PROPOSAL

TITLE: Injection and Dispersion of Li Powder in NSTX Discharges No.  OP-XP-738
AUTHOR: D. K. Mansfield  
DATE: 5/2/07 

1.
Overview of planned experiment  


This work will allow an assessment to be made of the efficacy of Li powder for the purposes of improving plasma performance and reducing plasma density. 
2.
Theoretical/ empirical justification


Recent experiments involving Li pellets (XP718) and the LITER system (XP 719) on NSTX 
have demonstrated the usefulness of Li coatings for improving plasma performance. Neither 
experiment, however, demonstrated a sustainable reduction in density. There is reasonable 
cause to speculate that the introduction of Li powder into the SOL of an NSTX H-Mode plasma 
might lead to improvements in plasma performance which were similar to those demonstrated 
during XPs 718 and 719 while simultaneously reducing the plasma density. If such 
improvement 
in performance can be demonstrated, it will allow NSTX to have a more flexible 
Li conditioning capability than is presently available. 

The highest flux of lithium introduced into the plasma edge during an NSTX discharge 
(excluding pellet injection) was accomplished during XP719. That rate was approximately 1 
mg/sec. If successful, this experiment will introduce at least an order of magnitude more 
lithium into a 1 second long discharge.

3.
Experimental run plan


The run plan will be divided into two parts: (1) the assessment of Li powder in an 
unconditioned machine (i.e. one that has received no Li from LITER) and (2) the assessment of 
Li powder in a conditioned machine (i.e. one that has experienced the benefits of LITER 
conditioning). See Table page 4 for a summary of the run sequence. 

* Modified experimental run plan


During XMP 52, it was observed that 5 Torr Liter of He gas was introduce into NSTX when a 
single empty sabot was fired by LPI. It was subsequently decided to attempt a limited number 
of shots with one sabot only. The modified run plan is presented on page 5.  At the beginning of 
the XP a blank sabot will be fired with He propellant in order to assess the effects of the 
“leakage” gas on the discharge. A decision about whether to switch to Deuterium propellant 
will be made after shot 3 of the modified run plan. 

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


XMP-52: “Practice Injection of Li Powder into NSTX” Must be completed before this XP 
can be started. This XMP simply allows the LPI to be exercised with Li powder in a piggyback 
manner.


The No-Conditioning fiducial discharge for this XP will be 123474 - the same as was 
employed during XP 719. The LSN H-Mode template for 123474 was 121323 with only 2 
beam sources.

In the second part of this XP, as the PFC conditioning changes with the introduction of lithium 
from LITER, it is possible that the interaction of the plasma with the RF antenna might have 
to be reduced by using 123515 as a template discharge.

He GDC will be used as needed.

5.
Planned analysis


UEDGE, TRANSP, etc.
6.
Planned publication of results


PSI08, Nuclear Fusion or Physics of Plasmas, IAEA08
Experimental Sequence

	Shot No.
	Nom. Mass Injected mg
	Oven Btwn Shot mg*
	# Barrels Employed
	Arrival Time secs
	( Lithium Mass mg

	1
	0
	0
	0
	-
	0

	2
	0
	0
	0
	-
	0

	3
	5
	0
	1
	0.2
	5

	4 
	5
	0
	1
	0.2
	10


              Start LITER heat-up 1 hour to reach  450 degrees -  No significant deposition
	5
	10
	0
	1
	0.2
	20

	6
	10
	0
	1
	0.2
	30

	7
	20
	0
	2
	0.2, 0.4
	50

	8
	20
	0
	2
	0.2, 0.4
	70

	9
	30
	0
	3
	0.2, 0.4, 0.6
	100

	10
	30
	0
	3
	0.2, 0.4, 0.6
	130



    LITER to  15mg/min -  Requires  10 Min and  100 mg deposition
	11
	0
	150 
	-
	-
	380

	12
	0
	150
	-
	-
	530

	13
	5
	150
	1
	0.20
	685

	14
	5
	150
	1
	0.20
	840

	15
	10
	150
	1
	0.2, 0.4
	1000

	16
	10
	150
	1
	0.2, 0.4
	1160

	17
	20
	150
	2
	0.2, 0.4
	1330

	18
	20
	150
	2
	0.2, 0.4
	1500

	19
	30
	150
	3
	0.2, 0.4, 0.6
	1680

	20
	30
	150
	3
	0.2, 0.4, 0.6
	1860


* For 10 min of evaporation between shots


Modified Experimental Sequence – One Barrel Only – No LITER Employed

	Shot No.
	Nom. Mass Injected mg
	Oven Btwn Shot mg*
	# Barrels Employed
	Arrival Time secs
	( Lithium Mass mg

	1
	0
	0
	0
	-
	0

	2
	0
	0
	1 MT Sabot
	0.3
	0

	3
	5
	0
	1
	0.3
	5

	4 
	5
	0
	1
	0.3
	10

	5
	10
	
	1
	0.3
	20

	6
	10
	
	1
	0.3
	30

	7
	20
	
	1
	0.3
	50

	8
	20
	
	1
	0.3
	70

	9
	30
	
	1
	0.3
	100

	10
	30
	
	1
	0.3
	130


PHYSICS OPERATIONS REQUEST

Title: Injection and Dispersion of Li Powder in NSTX Discharges
OP-XP-738
Machine conditions (specify ranges as appropriate)

ITF (kA):-53
Flattop start/stop (s):-0.01/1.1
IP (MA):1.0
Flattop start/stop (s): 0.2/1.0
Configuration: LSN
Outer gap (m): 

Inner gap (m): 
Elongation :

Triangularity : 
Z position (m): 
Gas Species: D
Injector(s): CS mid,OM#2
NBI - Species: D
Sources: A,C
Voltage (kV): 90
Duration (s): 1.0
ICRF – Power (MW): 
Phasing: 
Duration (s): 
CHI: 
Either:
List previous shot numbers for setup: Shot # 123471 or 123474
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

Title
OP-XP-738 

	Diagnostic
	Need
	Desire
	Instructions

	Bolometer – tangential array
	
	x
	

	Bolometer – divertor 
	
	
	

	CHERS – toroidal
	x
	
	

	CHERS – poloidal
	x
	
	

	Divertor fast camera
	x
	
	

	Dust detector
	
	x
	

	EBW radiometers
	
	
	

	Edge deposition monitors
	x
	
	

	Edge pressure gauges
	x
	
	

	Edge rotation diagnostic
	x
	
	

	Fast ion D_alpha - FIDA
	
	
	

	Fast lost ion probes - IFLIP
	
	
	

	Fast lost ion probes - SFLIP
	
	
	

	Filterscopes
	x
	
	

	FIReTIP
	x
	
	

	Gas puff imaging
	
	
	

	H camera - 1D
	x
	
	

	High-k scattering
	
	
	

	Infrared cameras
	x
	
	

	Interferometer - 1 mm
	
	
	

	Langmuir probes - divertor
	x
	
	

	Langmuir probes – RF antenna
	
	
	

	Magnetics – Diamagnetism
	x
	
	

	Magnetics - Flux loops
	x
	
	

	Magnetics - Locked modes
	x
	
	

	Magnetics - Pickup coils
	x
	
	

	Magnetics - Rogowski coils
	x
	
	

	Magnetics - RWM sensors
	
	
	

	Mirnov coils – high frequency
	x
	
	

	Mirnov coils – poloidal array
	
	
	

	Mirnov coils – toroidal array
	
	
	

	MSE
	
	
	

	NPA – ExB scanning
	
	
	

	NPA – solid state
	
	
	

	Neutron measurements
	x
	
	

	Plasma TV
	x
	
	

	Reciprocating probe
	
	
	

	Reflectometer – 65GHz
	x
	
	

	Reflectometer – correlation
	
	
	

	Reflectometer – FM/CW
	
	
	

	Reflectometer – fixed f
	
	
	

	Reflectometer – SOL
	x
	
	

	RF edge  probes
	x
	
	

	Spectrometer – SPRED
	x
	
	

	Spectrometer – VIPS
	x
	
	

	SWIFT – 2D flow
	
	
	

	Thomson scattering
	x
	
	

	Ultrasoft X-ray arrays
	
	
	

	Ultrasoft X-ray arrays – bicolor
	
	
	

	Ultrasoft X-rays – TG spectr.
	
	
	

	Visible bremsstrahlung det.
	x
	
	

	X-ray crystal spectrometer - H
	
	x
	

	X-ray crystal spectrometer - V
	
	x
	

	X-ray fast pinhole camera
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