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Edge is Normally Turbulent in NSTX

« Side view with LANL camera @ 10 pysec/frame (no filter)

D puff from big port Recycling from antenna

« Similar structures seen by Nishino on NSTX and MAST

« Qualitatively similar to edge turbulence on tokamaks



Gas Puff Imaging Diagnhostic in NSTX

* View light from local He gas puff in Hel (587.6 nm)

 Look along B to make images in radial vs. poloidal plane
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Typical Image in NSTX

e Taken with Princeton Scientific Instruments PSI- 4 camera
with 80x160 pixels @ 10 usec/frame for 28 frames

NSTX shot
#1{]39?9 / Radially outward toward right,

10 us

lon VB and ion diam. down
Separatrix Is near “5cm”
Hel peaks @ Te = 10 eV where:

81/l = (0.5-1)dn./n, + (0-2)8T./T,

[see Stotler, JNM ‘02]



Ohmic Cases

|I=770 kA, B=3 kG |I=780 kA, B=3 kG

NSTX shot NSTX shot
#108293 _ #108296
10 us 10 us




L-mode Cases

=920 kA, B=3.5 kG =900 kA, B=4.5 kG
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Quiescent H-mode Cases

1=880 kA, B=3.5 kG 1=920 kA, B=4.5 kG

NSTX sho NSTX shot
#108316 #108488
10 MS 10 S




Non-quiescent H-modes

=900 kA, B=4.5 kG 1I=880 kA, B=3.5 kG

NSTX shot NSTX shot
#108466 #108979
10 us

http://www.pppl.gov/~szweben/NST X color/ColorNST X video.html



http://www.pppl.gov/~szweben/NSTXcolor/ColorNSTX_video.html

Profiles of 8I/I and Lp_olfrom Images

* GPI signal within T,=5 - 20 eV and n, = 1012 - 1013 cm-3

o Width of GPI emission varies with shape of n and T profiles
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Poloidal Correlation Length (FWHM) and

K-spectra are similar in OH, L- and H-mode

« Evaluated near peak of GPI signals at T, = 10 eV

o Spatial structure is relatively insensitive to atomic physics
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Preliminary “Blob” Analysis

« Track local maxima (“blobs”) in videos and plot statistical
summary of velocities, trajectories, sizes, lifetimes

 Typical radial velocity v,= 500 m/sec, independent of size

Velocities Radial velocity vs. intensity
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* Physics-based “blob” analysis just starting (Lodestar)



GPIl Fast Chords

 GPI image split and picked up by 13 discrete chords
« Chords arrayed in “cross” with = 1.5 cm diameter each
e Signals detected by PM tubes with = 100 kHz bandwidth
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Typical Signals from Fast GPI Chords

 Near outer wall see “intermittent” = 50% fluctuations

 Nearer plasma center, see “Gaussian” = 10% fluctuations

r/a
1.03
1.00
0.97
0.94
0.91
0.88
0.85

O = D= DR R D R D= DA ED b

He puff 10 msec
— > .

iy

41 msec > METY -.:h:-t# 105637

L

1 F . l
[ \_J | \'-\_.'-w "‘wLLuim_l'»‘-l-l‘u' hl‘j'u

: R ﬁwu A J'l'. *A..mlr‘-.-,bﬂ QLWL LA -«J"r' ’lJ' uJ |Jll'~m"' i
"J'I \HWM‘H’ W wuﬁﬂf-;‘"’.wﬁ"‘,w JT'J" rl"'""‘"{!'ill-ﬁl-\lr' a2

-.-:-J""...-“-. J"l."-.-.,'f'-».n""l. polhey J\umwxﬂp‘r'-\ﬁ"\“‘ﬂw adan_f\ ..-.r,h..- PEPRETA >

F"‘h-w-nﬂ‘r"‘-l'f ""-.rh-_.u -"\-l"-r'.ru-.r fw—w‘ﬁr‘v""}_’pﬁh‘_ﬂ 'u\.\,\_p.r\-“l'._

Wm*‘m. 1 Mwﬁwﬂwu.mf \A

- L . - mwmwwwmw
14 018 Q08 0.24 Q.23 0.24 024 Q.28 198 0. 1985 Q19890 01985 QL2000 02005
Time (sec) Time (sec)



Blobs During ELM-Free H-mode

e Bursting activity seen GPI chords during “ELM-free” phase,
typically with duration < 0.2 msec (= same as images)

HETH shet § 10E4E5 HSTX hr.J: f 1l.'|Eﬂ-E»5
amTeoth = 0L

GPI
#10

GPI
#12

GPI
#16

Ch, 105000
ooa

RES B S
1 1

3,000

Gh, 14,0000 Th, 1

.'\.
o T -4 kD b3 e -
| L | |

ELM ELM



Fewer Blobs During Large ELMs ?

« Many short bursts between large ELMS, but no increase
In burst size before or during large ELM

o Apparently these bursts and ELMs are different things
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Quasi-coherent Signhal During H-mode ?

» Clear high-m coherent oscillation sometimes seen in images
with = 20 cm poloidal wavelength and f = 10 kHz

e Coincides with brief burst of coherent mode in chords,
not a stationary continuous mode in this case
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L-H Transition

* L-H transition seen in GPI occurs within < 0.5 msec, but no
obvious “precursors” in fast chords (no video yet)

e After L-H transition, see intermittent “blobs” + 20 kHz MHD
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Summary

* Poloidal correlation length =4 + 1 cm were T, = 5-20 eV
- significantly larger than higher B field machines
- “drift wave” scaling with L,/ ps ~ 10-20

- “ballooning mode” scaling L,/ L,(RBM)~ 2-4

o Coherent structure sometimes seen in 2-D images
- radial or poloidal propagation of localized blobs
- wave-like structure in H-mode (QCM ?)
- possible small-scale zonal flows” (?)

 Time series look similar to edge turbulence seen elsewhere
- Intermittency (“blobs™) seen in SOL
- ELMs seem to be different than blobs
- spectra of GPI similar to reflectometers and probe



Plans

* Improve GPI optics for ‘03 run to get x10 higher signal levels
- reduce gas puff to check for perturbation effect
- use 1 psec framing time with 300 frame camera
- better S/N for study of L-H transition and ELMS

o Compare with simulation / theory
- BOUT runs for L- and H-modes in progress
- test of blob model by Lodestar in progress
- are there any features unique to STs ?

* Try potential edge turbulence control techniques
- low voltage wall biasing using CHI electrodes
- RF wave interaction with edge (e.g. ORNL results)
- varying fueling, gaps, current ramps, etc.



