Dependence of Edge Turbulence Dynamics

and the L-H Power Threshold on Toroidal Rotation

by
G.R. McKee

with D.J. Schlossberg*, M.W. Shafer*,

K.H. Burrell®, P. Gohil’, R. Groebner®

L. Schmitz, G. Wang®, T. Rhodes*,

J.A. Boedo¥, C. Holland%, R. Moyer#, D. Rudakovt, G. Tynan¥,
M. Umansky, X. XuT, W. Solomon

*University of Wisconsin, Madison

°General Atomics, San Diego, California

#University of California, Los Angeles

*University of California, San Diego

TLawrence Livermore National Laboratory, Livermore, California
TPrinceton Plasma Physics Laboratory, Princeton, New Jersey

Presented at
Forty-Ninth APS Meeting of
the Division of Plasma Physics 0.9 0.95 1.0

Orlando, Florida Minor Radius (r/a)
November 12-16, 2007

Dill-D W

NATIDNAL FUSIDN FACILITY THE U N l VERSITY

R WISCONSIN

AAAAAA

Z (cm)
© = NN W H O O N




AND THE L-H POWER THRESHOLD ON TOROIDAL ROTATION

- Power flux required to trigger an LH transition varies strongly on
injected torque and toroidal rotation
- Higher P, 1 threshold at higher co-current rotation
- Affects plasmas with ion VB drift towards and away-from X-point

- Edge turbulence characteristics change dramatically and consistently
with toroidal rotation

- Radially sheared poloidal flows strongly influenced by rotation
- Turbulence mode structure depends on magnetic configuration & rotation
- Zonal flow behavior strongly dependent on rotation

«  Mechanism appears to depend on complex interplay of radial electric field,
turbulence and zonal flow dynamics in edge region of plasma

- Beneficial implications for accessing H-mode in slowly rotating plasmas
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OUTLINE

- Experimental observations and P 4 threshold dependence on torque

- Radial electric field variations

- Turbulence measurements

«  Torque-Induced L-H Transition

- Zonal flow evolution

- Visualizations of Edge Turbulence

- Implications and Conclusions
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Co-RoTATING DiIsCHARGE REQUIRES TWICE THE INJECTED POWER OF

BALANCED INJECTION DiISCHARGE TO UNDERGO LH TRANSITION
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P|_H INCREASES SIGNIFICANTLY WITH TORQUE
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Radial Electric Field:

E, in Co-Inj. discharges E, = VP +v4:By—vgiBy (E, prior to LH Transition)
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Radial Electric Field:

. Er in Co_lnj_ discharges E. = VPI +V¢,iBH _ VH,qu) (EI‘ priOI‘ to LH TranSition)
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Radial Electric Field:

. Er in Co_lnj_ discharges Er — VPI +v¢,iBH _ V@,qu) (EI‘ prior to LH TranSition)
dominated by v, term Zeny \
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RAPID FLUCTUATION SUPPRESSION OBSERVED IN EDGE AT LH TRANSITION
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. Dual-mode structure observed in

both balanced injection discharges = 0 — ty-130ms
with VB away from X-point, S <F — t 4 -80ms
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USN Plasma USN Plasma
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EXCeEED TURBULENCE DECORRELATION RATES

BES data allow for independent measurement of poloidal velocity,
velocity shear, and turbulence decorrelation rates

(Co-lnjection, VB away from X-point)
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EXCeEeED TURBULENCE DECORRELATION RATES

BES data allow for independent measurement of poloidal velocity,
velocity shear, and turbulence decorrelation rates

(Co-lnjection, VB away from X-point)
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LH TRANSITION INDUCED VIA TORQUE-SCAN AT CONSTANT POWER
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Time-Delay-Estimation (TDE) methods

applied to poloidally-separated . gggﬂgtsi::c
BES measurements to determine 5 020 Mode:
Vg(t) (t = 20 ps resolution, 25 kHz) L o015 .
= 0.10 - coherent
GAM oscillation identified 0.05 - m=0, n=0
in vy(t) spectra (E; oscillation => vg(t)) 0.00 BT - finite k,
0 10 20 30 - fz CS/ZJIR

Frequency (kHz)
GAM dominates ZF spectrum at high

rotation

- gradually decays in amplitude
and disappears as plasma
slows
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Time-Delay-Estimation (TDE) methods
applied to poloidally-separated

BES measurements to determine

vg(t) (t =20 us resolution, 25 kHz)

GAM oscillation identified
in vg(t) spectra (E, oscillation => vg(t))

GAM dominates ZF spectrum at high
rotation
- gradually decays in amplitude

and disappears as plasma

slows
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Time-Delay-Estimation (TDE) methods
applied to poloidally-separated

BES measurements to determine

vg(t) (t =20 us resolution, 25 kHz)

GAM oscillation identified
in vg(t) spectra (E, oscillation => vg(t))

Frequency (kHz)
GAM dominates ZF spectrum at high

rotation
gradually decays in amplitude
and disappears as plasma

Zero-Mean-Frequency Zonal Flow
arises and dominates spectra

ZMF-ZF power significantly
higher than GAM power

More likely to trigger transition

Frequency (kHz)

Correlation between rotation and zonal
flow behavior
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« 200 us segments at
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Z (cm)
o = N W & 00 O N

0.9
Minor Radius (r/a)

0.95 1.0

Doppler Reflectometer = *

shows localized
increase in vy

during torque scan

Dilli-D

NATIONAL FUSION FACILITY

-2x10 "¢,

8x10 "F 7 T T T T ]
6x10 "%~ B

4x10 'F

2x10 “W

OFb—— ===

15 _ Icerfrott1é 12 Fﬁ\ I I I:
: BOXSMOOT] ,5.00000} 129143 :
10¢ 1 =
i 1 =
5r y &
r 1 =
o | 'Edge Rotation (km/s)
i r/a=0.95 ]
1000 1200 1400 1600 1800 2000
Time (ms)
5 T T

L #129143

r

/
/]
/ r/la=0.74 /

!

7a=0.83  /a=0.82!

- (r/a=0.83)

Time (ms)

1400 1450 1500 1550 1600 1650 1700

Mach Probe shows little j
w

ﬁ:hange in SOL toroidal flo

1.5

1.0

0.5

Mach # Profile Reciprocating Probe

T T
| Baffle
| Nose
| *e s ¢ +
129130 USN BAL 'o. *
+ 129134 LSN BAL | Tt .,
129137 LSN CTR LS

LCFS @ 227 cm | Y
! ! ! i | .
228 230 232 234 236
R(cm)

American Physical Society - Division of Plasma Physics, Orlando, Florida - G. McKee- November 16, 2007




I e
CONCLUSIONS

- Power flux required to trigger an L-Mode to H-mode transition is found
to vary with applied torque and toroidal rotation

- P,y reduced with balanced and counter-current NBI injection, relative

to co-current NBI injection

- Affects plasmas with ion VB drift towards (LSN) and away-from (USN)
dominant X-point
- More pronounced for USN plasmas

- Edge turbulence characteristics change dramatically with toroidal rotation

- Radially sheared poloidal flows strongly influenced by rotation
- Shear exceeds turbulence decorrelation rates prior to transition
- Turbulence mode structure depends on magnetic configuration
and toroidal rotation
- Zonal flow behavior strongly dependent on rotation: possible trigger mechanism

- Mechanism appears to depend on radial electric field, turbulence, flows,
and zonal flow dynamics in edge region of plasma

- Beneficial implications for accessing H-mode in slowly rotating plasmas
(e.g., ITER)

- Presently P, iy scaling does not consider rotation
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— Tangential

— Radial

Ip

- Similar discharges:
(USN - Net Balanced
NB Injection)

1) More tangential beams
2) More radial beams
- Beam ion confinement

changes significantly
between conditions

«  LH power nearly
identical:
(Ping = 2.9 MW)
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IMPLICATIONS OF THESE RESULTS FOR P|_ 4 SCALING RELATIONSHIPS

. LH Power Threshold is a critical issue for ITER and Reactors, H-mode achieves:
- Higher confinement (g H.mode ~ 2-3" TE [ -mode)
- High g (2-3" L-mode)

- H-mode access readily achieved in most modern experiments
- H-mode access in ITER may be challenging especially for Hydrogen plasmas

- Current scaling relations do not consider plasma rotation:

_ 0.73 -0.74 ~0.98 ITER Physics Design Basis, Nuclear Fusion 47 (6), 2007
Prg =0042n "By ST (MW) Chapter 2: Plasma Confinement and Transport:
E. Doyle et al., Nucl. Fusion 47, S18 (2007)

- Dependent on density (n), toroidal field (Bt) and surface area (S)
- Database employ primarily co-rotating discharges (?7?)

- Rotational dependence significant

- Parametric dependence inclusion should be considered
- Need to isolate critical parameters (V1por, M)

- Determine beam ion loss effects
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Co-RoTATING LSN DiscHARGE REQUIRES NEARLY TWICE THE POWER

OoF BALANCED INJECTION DISCHARGE TO TRIGGER LH TRANSITION

4000E boxsmooth{PINJ,51} 129131 AN Aasann
3000E  boxsmoothfPINJ,51} 129138 Un*
2000 - =
1000 =/
o .
10 E ' ' I ' I —
aE phdDZ 1297131 Co-Injection 3
= phd02 129136 o
i; P Balanced Injection I I
2 i
[ =T — S . . 7
13 — r T T r T r r r r T T : : . T T ; —
E}“mmz_ density 129131 | [ E
OX1V B density 129136 o
4107 = ]
23{1'5'15:— - - . *!—/"’il;/f‘;:r
g : : — | =
TA0 cerfrott: 129131
0 cerfrotty 12555 ERRCR
_1aBE  cerfrott25 129131 ERROR
_%HB cerfrottZs 1297136
— ) ) | ) [ ]
500 1000 1500

DiI-b [Pini(CTR) =1.8 MW

American Physical Society - Division of Plasma Physics, Orlando, Florida - G. McKee- November 16, 2007




PRELIMINARY BOUT SiMuLATIONS OF EDGE/SOL REGION

- Modified Braginskii fluid equations simulate
resistive ballooning and drift turbulence and

their interaction

- Density turbulence peaks at separatrix
- Eddy structures are ~1-2 cm, similar to

BES observations

«  Future simulations will compare co-injeciton
and balanced in USN/LSN geometries

MiD d& RMS(delta(ni))«10.0 [m-3] d3d-129131-Er
LA L L e DL LR LR L L L L DL L L

\

&l :.1! | ’ ']
— i Co-Injection
o i VB towards X-poin
D1 '
k,
Iy
/ | LY
! ! ."'. e
[ AN -
5,01 08| !
r I !
/S
S .
i ._..-.-\.I.-I:I R PP S B
£.260 £.20 4.060 2880 £ 200 £.410 £.a20
R, [m]

Dili-D

NATIONAL FUSION FACILITY

DB

004

LR

Q.00

Z=Zrrd

=032

o4

—0.0E

delta(Ni) d3d-129131—-Er

LA
<
LY
bl

QLE=0000 D00 007 0ulE Du0S
R-Raep, [m]

American Physical Society - Division of Plasma Physics, Orlando, Florida - G. McKee- November 16, 2007





