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L-H power threshold and H-mode confinement study

Characterization of various types of ELMs
— ELM categorization

— Magnetics and ECEI data

— Preliminary stability analysis

Study of Small ELM regime

Summary
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* L-H power threshold and H-mode confinement study
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Fast ion component is calculated by ASTRA
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= W, Is found to be a strong function of density
—> Effect of fast ion confinement more important in low density
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Power scan yielded P, roll-over in low density

KSTAR, Ahn, NF 52 (2012), 114001 ASDEX-U, Ryter, NF 49 (2009), 062003
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- Evaluated P, agrees with multi-machine scaling law above ~2x10°m-3
* Roll-over of Py, below ~2x10*m-3. Similar to results from other tokamaks

 Higher P, in 2012 due to impurity and higher H/D ratio
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Dependence on |, and power agrees but

disagrees with multi-machine scaling

Q Ip;=600KkA, P, =1.2-1.8 MW, low Pyg, power J—
@® [,=300-600KkA, P;=1.3-2.0 MW, low Pyg, power & 0.15 [
Q@ Ip;=600KkA, P;=2.6-3.0 MW, high Pyg, power ;Ii ]
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0.00 L * Why confinement degrades with «?
. 000 005 010 015 0.20 - Wall condition & hlgh Impurlty’?’?
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KS5TAR %%KGQV 6} PPPL H-mode confinement and ELM study in KSTAR (Ahn), 10/21/2013 @2 COLUMBIA UNIVERSITY 6




Isotope effect on Py, and 1¢

 Results from other machines
— Py, < At and 1z < A% (. =0.2 — 0.5)

« Results from KSTAR

— Clear increase of P, for 2012 data (H/D=0.5 — 0.6, Py, > 1.5 MW),
compared to 2011 data (H/D=0.2 — 0.4, P, ~ 1MW)

— Conflnement also decreases with higher H/D ratlo
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« Characterization of various types of ELMs
— ELM categorization
— Magnetics and ECEI data
— Preliminary stability analysis
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Multiple types of ELMs have been observed

Type-l ELMs Intermediate ELMs Mixed (type-l + small) ELMs
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* Intermediate ELMs: fg, ,=50-200 Hz, 0.5 < An, /71, < 1%, Hggy,» ~0.7
* Mixed ELMs: type-l + small ELMs, Hgg ) ~1
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Magnetics data show distinctive features for each

Type-1 ELMs Intermediate ELMs Mixed ELMs
Toroidal Mirnov array, coil 1, Shot 5591 Toroidal Mirnov array, coil 1, Shot 5768 - Toroidal Mimov array, coil 1, Shot 5752
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» Type-l1 ELMSs: long lasting (> 20 ms) ELM precursors, low fluctuation level
for inter-ELM periods

* No precursor for intermediate and mixed ELMs

» Broadband fluctuations for inter-ELM periods for intermediate ELMs
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ECEI data provides mode number of ELMs

#6123,LFS 13 5 t= 247 21}

9s ELM burst
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H-mode confinement and ELM study in KSTAR (Ahn), 10/21/2013

= m~47-53,n~7-8

1) Filaments elongate poloidally
prior to the burst.

2) The average ECE intensity of
filaments (T,) increases.

3) Initiallarge burst followed by
multiple smaller bursts

4) Sometimes the rotation
direction reverses during the
crash

(LCFS: k~1.98,5~0.5, o5 ~6.7)

J.H. Lee (Postech)
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Preliminary stability analysis identifies most

unstable mode at n~5 for type-l ELMs

1. #5747@3.7s , ELITE results

“r from n=5 to n=30 | n=5 Most unstable
- : T osf mode
= E identified at
: 8 o n~5
08 ’ More detailed
T ST N S— " " and accurate
profile
measurement
IS necessary
7 g for stability
L4 El analysis
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L-H power threshold and H-mode confinement study

Characterization of various types of ELMs
— ELM categorization

— Magnetics and ECEI data

— Preliminary stability analysis

Study of Small ELM regime

Summary
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Access to the small ELM regime occurred in a

significantly wide operation window

(1 Oigm—3)

7075

Prei(MW)

VII‘%I.

OO O MM OUO = N N d

SPpo = — N

NN
(0]

LSN
d_DN
_USN

I
— 3 1 4
2 280F :
< 260
% :
—~ 3 1
S 20 !
N |
05 105
E,/ 1 ‘?\\f"\./“
a O H
@ —1 [N
S -2 1
0 2 4 6 8 10 12

Time (s)

Small ELMs occurred at
KSTAR in 2011 and 2012
with,

— DN, USN, LSN
(|drsep| < 2cm)

— Bean configuration
(weak concave on the
iInner side, limited
plasma)

— Up to ~10 s of small
ELM phase in 2012:
1,=0.6MA, B=2T,
Pyg=2-5MW
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A sustained small ELM regime was successfully

oroduced by controlling plasma shape

«— Sustained small ELM period—

« Strong LSN - weaker
LSN with |drsep| = 3-4
- 1-2 cm induced
small ELMs
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« Upper triangularity was
also raised to create
small ELM regime
(610p=0.3 = 0.45)

(keV) D,(a.u.)

« Plasma stored energy
increased during the
small ELM period

 Edge T, also goes up
while core T, remains
constant

oo ® O uo

OO O O 0O

Edge Te (ke&[&re Te

(o)}
~
(00
w0

Time (s)

OAK /
KSTAR %RJDGE % PPPL H-mode confinement and ELM study in KSTAR (Ahn), 10/21/2013

National Laboratory.




Similar or decreased mode number for small ELMs

compared to type-l from ECEI data

Small ELM, t = 4.3 sec Small ELM, t = 8 sec Large ELM, t = 9 sec

(transient) (sustained)
0 1o/<STAR # 8155 ECE-Image att = 4302614 s 5 1KSTAR #8155 ECE-Image att = 8.003620 s KSTAR # 8155 ECE-mage att = 8.997789 s
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o o from J.H. Lee
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« Small ELMs have similar or lower mode number than large ELMs - Contrary to
type-Il ELMs (increased mode number)

« Higher edge T, and lower n-number - Small ELMs may be on the peeling side
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* Py, roll-over in low density regime (71,< 2x101°m-3)

* Dependence on |, and power agrees with multi-machine scaling, but
dependence is not consistent

« Several distinctive ELM types have been identified: type-I; intermediate;
mixed (type-l and small); and small ELMs

« Most unstable mode for type-l1 ELMs appears at n~5 from stability
analysis, compared to 5 — 10 estimated from ECEL.

* Long pulse (~10 sec) small ELMy discharges found with various
magnetic configurations (LSN, DN, USN, bean shaped limiter), in lower
density (~0.4n./ng)

« A sustained small ELM regime was produced by shape control

— Smaller |drsep| and higher o

— The produced small ELMs are conjectured to be on the peeling side,
but how a peeling instability can be so small?
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Possible explanation of the produced small ELMs

 Large ELM regime:
— Strong LSN (|drsep| = 3-4 cm)
— Weaker shaping (smaller )

8155 Stronger shaping « Small ELM regime:

small ELM — Closer to DN (]drsep| = 1-2 cm),
stronger shaping (higher o) -

_E’g__ expansion of stability boundary
) — Tepeq INCrease - edge
________ collisionality decrease -
Jp increase leads to Move of
’ h|gher jped opgratlon
R _ Mode number of ELM [ Pontto
. . . the upper
s filaments remains similar| ;o
Questlon. hoyv the ELM crash on or slightly decrease >
the peeling side can be so small? Peeling instability
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Increased broadband magnetic fluctuations are

observed for all small ELM periods

Small ELM periods

Toroidal I , coil 2, Shot 8155

 Enhanced magnetic

100 JE fluctuations are
| observed during the
80 small ELM periods for
_ the whole frequency
> oo it range (0 — 100kHz) of
PO Mirnov measurement.
% i No coherent mode is
S 40§ found
L >
20 § * This is different from
any other small ELM
Ll 1 (A {18 regimes
2 4 6 8 10
Time [s]
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