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NSTX EXPERIMENTAL PROPOSAL

TITLE: Characterization of the divertor heat flux width No. OP-XP-815
and the mid-plane SOL widths
AUTHORS: J-W. Ahn, J. Boedo, R. Maingi DATE: 03/27/08

1. Overview of planned experiment

This experiment aims to measure SOL plasma profllg$\, jsas anddarge) With operation
parametersef, I, nebarB;, and power) scanned. Tig ne, andjsa profiles are measured by the mid-
plane fast probe and tlogqecprofile is measured by the divertor IR camera. Various other diagnostics
(GPI, FIReTIP, USXR, fast visible camera, etc) will also meallaie characteristics in the SOL
plasma. All the measured profiles will be flux mapped to the mid-plane for ca@opalfihe goal is to
find out 1) the relation between various decay lengths at the target and at thameid2pithe
dependence of SOL widths on the operation parameters and the development of SOL Ividth sca
law for both near and far SOLs, and 3) the relationship between SOL widths and the blob
characteristics.

2. Theoretical/ empirical justification

The electron temperature and heat flux SOL widthsandiq respectively, have a conventional
relation ofire=7/244, assuming a dominant parallel electron heat conduction and a sirpplecexial
function for theTe andgarget profiles. However, it has been observed that the profiles dndweg tail
in the far SOL and this can be approximated by introducing art oHtee in the exponential function,

a

ie a:a0+a1ex;{—R_A&epJ- If we use the offset exponential function for bdthandq profiles and

apply it to the parallel electron heat conduction equation in theS@har we obtain a new relation
betweenire andig,
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, Wherec = Tk , Teo andqp are the offsele andq values, ands, is the electron conduction
coefficient. Thé feasured value/g§// differs from the new prediction by 17%, compared to the
26% difference from the conventional prediction. The use of offset temperature afidxhealues,
Teo @andqo, in the parallel e-conduction equation can be interpreted as a representatiaivefyrela
strong perpendicular heat transport.

On the other hand, the measured far SOL widths do not follow the expected relationfoettier
sheath-limited 4;* = 4, + 3/2/7™) nor the conduction-limitedi{=7/2,) regime. While the
measured, is 9.8cm, the expected value is 2.6;,< 4.0 cm (sheath-limited regime) aip=3.3 cm
(conduction-limited regime). One of the possibilities under consideration to rexipéadiscrepancy is

the long ion heat flux decay length.

The scaling of SOL widths with operation parametgysebarBr, power, etc) is important for
the extrapolation to the future machine such as NHTX in two ways; the near SiDf acd the far
SOL scaling. The near SOL scaling is important to estimate heat flux ordovéntor target and
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therefore to evaluate power handling capabilities. The far SOL scaklitgpismportant to estimate
heat and particle flux onto thé tvall and therefore to evaluate its interaction with the wall.

As for the near SOL scaling, the IR heat flux data has been already stthlggand power [1]
and the fast probé&. andne profiles showed dependencelgnnebar, and power. However, the size of
current dataset is limited and scaling laws have not been derived. The dgpeddental scaling
will be supplemented by the best fitting theoretical models to be identifiednbyarison of
experimental data with analytic models. Currently the most comprehensiyg@88&lL models are
provided by a reference by J.W.Connor and G.F.Counsell [2]. This will provide useful atimmrfor
the extrapolation of NSTX near SOL width data to NHTX.

The long tail of plasma profiles in the far SOL can be the result of intehgerpendicular heat
and particle transport, which is a subject of intense investigation in the boundang gieysmunity.
The degree of intermittent perpendicular transport can be characterizezl‘bffdet’ value or by the
decay length of a far SOL profile. The theory of intermittent perpendicalasgort is still being
developed and there is a need to develop empirical scalings to confirm the dependssce
transport on the operation parameters. This will provide an experimental basigheottetical
investigation of the intermittent transport.

The last task of this experiment is to find a relationship between SOL widths andlihe bl
characteristics. Blobs are expected to play an important role in the iéatrperpendicular particle
and heat transport. Characteristics of blob such as fluctuation charasehikstb velocities and
directions, and the number of filaments, etc will be investigated in the relatlS@L widths as a
function of operation parameters. This may provide useful input to the theoretical bldls mode
currently under development (eg, at Lodestar).

[1] R. Maingi, C.E. Bush, R. Kaita, H.W. Kugel, A.L. Roquemore, S.F. Paul, V.A. Soukhanovskii,

and the NSTX team, et. allgurnal of Nuclear Materials 363-365(2007) 196
[2] 3. W. Connor, G. F. Counsell, et. &lyclear Fusion 39 (1999) 169

3. Experimental run plan (in the order of priority)

§ Derate NBI src. C to IMW
NBI order: 2MW, 80-300ms (A); 2MW, 140-250 (B); 1MW, 300-500ms (C)
Plunge probe at 350ms
§ Plasma configuration: LSN, Drsep~3cxs2.0,6=0.45
Timing for other diagnostics: GPI, IR, FIReTIP, etc
to be aligned with probe plunge time, ie 300-500ms as planned
§ Density scan: plunge probe at 2 different times

roughly at 300ms (3.0e19) and 400ms (5.0e19)

W

W

§ Establish baseline shot. Start from repeating shot #125065
1.0MA, 0.55T, 1MW NBI (4 shots)
§ Ip scan at approximately fixed q95

0.7MA, 0.385T, 1MW (4)
0.8MA, 0.45T, IMW )
0.9MA, 0.495T, IMW )

§ Density scan
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0.8MA, 0.45T, 1MW, 3.0e19 (4)
0.8MA, 0.45T, 1MW, 5.0e19 (4)
If time permits,
§ Power scan
0.8MA, 0.45T, OMW NBI (4)
§ Btscan at fixed Ip
0.8 MA, 0.55 T (4) ; 0.8 MA, 0.35 T (4)

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

This XP requires a fully operational NBI system. We desire HeGDC betsless of ~ 6.5
minutes for a 12.5 minute repetition rate.

5. Planned analysis

The SOL widths will be analyzed from the data obtained from the fast probe dRdddmera,
and relationships between the SOL widths will be investigated. The SOL widéhwitldte scaled
with operation parameters to derive the scaling law and will be compared whitticacrass-field
transport models. The GPI data will be analyzed to yield blob characteastichis will be
compared with SOL widths data to find relationships. EFIT will be necessattyefdlux mapping of
the profiles to the mid-plane.

6. Planned publication of results

Data and analysis for the relation of SOL widths will be presented at treoR8fence in May
2008 and be published in J. Nucl. Materials in 2009. SOL width scaling work will be published in an
appropriate refereed journal.
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PHYSICS OPERATIONS REQUEST

TITLE: Characterization of the divertor heat fluxdih and No. OP-XP-815
the mid-plane SOL widths
AUTHORS: J-W. Ahn, J. Boedo, R. Maingi, R. Maqueda, SDATE: 03/27/08
Zweben

Machine conditions (specify ranges as appropriate)

I+e (kA): 63 Flattop start/stop (s):

lp (MA): 0.7-1.0 Flattop start/stop (s@.15/1.0 (max)
Configuration:LSN

Outer gap (m): 10cm Inner gap (m)5-10cm

Elongationk: 2.0 Upper/lower triangularity: 0.45

Z position (m): 0.0

Gas Species: D Injector(s): Inner wall Mid-plane

NBI SpeciesD SourcesA/B/C Voltage (kV): Duration (sx1sec
ICRF Power (MW): Phasing: Duration (s):
CHI: On/ Off Bank capacitance (mF):

LITER: On/ Off
Either: List previous shot numbers for setuf25065 (LSN)

Or: Sketch the desired time profiles, including inard outer gap, o, heating,
fuelling, etc. as appropriate. Accurately label $ketch with times and values.
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TITLE: Characterization of the divertor heat flux widthdahe

DIAGNOSTIC CHECKLIST

mid-plane SOL widths

AUTHORS: J-W. Ahn, J. Boedo, R. Maingi, R. Maqueda, S.

No. OP-XP-815

DATE: 03/27/08

Zweben

Note special diagnostic requirementsin Sec. 4 Note special diagnostic requirementsin Sec. 4
Diagnostic Need| Want Diagnostic Need| Want
Bolometer — tangential array| MSE \
Bolometer — divertor N NPA — ExB scanning N
CHERS - toroidal N NPA — solid state
CHERS - poloidal N Neutron measurements
Divertor fast camera N Plasma TV \
Dust detector Reciprocating probe N
EBW radiometers Reflectometer — 65GHz \
Edge deposition monitors Reflectometer — correlation N
Edge neutral density diag. N Reflectometer — FM/CW \
Edge pressure gauges N Reflectometer — fixed f \
Edge rotation diagnostic \ Reflectometer — SOL \/
Fast ion D_alpha - FIDA RF edge probes
Fast lost ion probes - IFLIP \ Spectrometer - SPRED v
Fast lost ion probes - SFLIP \ Spectrometer — VIPS v
Filterscopes N SWIFT — 2D flow \/
EIReTIP 3 Thomson scattering N
Gas puff imaging N Ultrasoft X-ray arrays N
Ho camera - 1D N Ultrasoft X-rays — bicolor \
High-k scattering N Ultrasoft X-rays — TG spectr. \
Infrared cameras N Visible bremsstrahlung det. N
Interferometer - 1.mm X-ray crystal spectrom. - H
Langmuir probes — divertor N X-ray crystgl spectrom. - V
Langmuir probes — BEaP v X-ray fast pinhole camera
Langmuir probes — RF ant. X-ray spectrometer - XEUS
Magnetics — Diamagnetism \
Magnetics — Flux loops N
Magnetics — Locked modes |
Magnetics — Pickup coils N
Magnetics — Rogowski coils |
Magnetics — Halo currents N
Magnetics — RWM sensors \
Mirnov coils — high f. N
Mirnov coils — poloidal array \
Mirnov coils — toroidal array N
Mirnov coils — 3-axis proto. \
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