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AND THE L-H POWER THRESHOLD ON TOROIDAL ROTATION

- Power flux required to trigger an L-H transition increases rapidly with
injected torque and toroidal rotation

- Edge turbulence characteristics change dramatically and consistently
with toroidal rotation

- Radial electric field shear increases more rapidly at low rotation
- Connection between toroidal rotation and ion VB drift dependence

- Mechanism appears to depend on complex interplay of radial electric field,
turbulence and zonal flow dynamics in edge region of plasma
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Co-RoTATING DiISCHARGE REQUIRES TWICE THE INJECTED POWER OF

BALANCED INJECTION DISCHARGE TO UNDERGO L-H TRANSITION
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I
P H INCREASES SIGNIFICANTLY WITH INCREASING NEUTRAL BEAM TORQUE
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I
P H INCREASES SIGNIFICANTLY WITH INCREASING NEUTRAL BEAM TORQUE
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Upper Single Null:
VB away from X-Point

I
P H INCREASES SIGNIFICANTLY WITH INCREASING NEUTRAL BEAM TORQUE
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ECH used in conjunction with NBI to examine
importance of neutral beam ion orbit effects

Density is 25% higher in ECH shots for
operational reasons

Similar trend with torque is observed:
No significant beam-orbit effect
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P H INCREASES SIGNIFICANTLY WITH INCREASING NEUTRAL BEAM TORQUE
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LH TRANSITION INDUCED VIA TORQUE-SCAN AT CONSTANT POWER

( VB away from X-point )
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PLASMAS WITH VB AwWAY

. Dual-mode structure observed in

. Correlation with dual-mode structure
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Co-Current Injection Balanced Injection
VB away from X-point VB away from X-point
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Turbulence poloidal velocity obtained via cross-correlation analysis
Gradual evolution and increasing shear in Co-injection discharge
Sudden “reversal” of poloidal flow in balanced prior to LH
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Co-Current Injection Balanced Injection
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EXCeEED TURBULENCE DECORRELATION RATES

BES data allow for independent measurement of poloidal velocity,
velocity shear, and turbulence decorrelation rates
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EXCeEeD TURBULENCE DECORRELATION RATES

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

BES measurements to determine

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

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

10 20 30
Frequency (kHz)

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

and disappears as plasma

slows
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- coherent
- m=0, n=0
- finite k,
-f=15 kHz
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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 gggﬂ:tsi::c
BES measurements to determine 5 0. —1,1-600 ms Mode:
vy(t) (t = 20 us resolution, 25 kHz) ]
| / - coherent
GAM oscillation identified - ;,".7=.0’ /?=0
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I e
CONCLUSIONS

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

- Affects plasmas with ion VB drift towards and away-from X-point
- ECH+NBI exhibit similar trend as NBI-only (not a beam ion effect)

- Edge turbulence characteristics change dramatically and consistently
with toroidal rotation:

- Radially sheared poloidal turbulence flows
- Shear exceeds turbulence decorrelation rates prior to transition (all cases)
- Zonal flow behavior strongly dependent on rotation: candidate trigger mechanism

- Connection between toroidal rotation and ion VB drift dependence

- 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
- Presently P,y scaling does not consider rotation

THE UNIVERSITY

WISCONSIN

International Atomic Energy Agency Fusion Energy Conference, Geneva, Switzerland - G. McKee- October, 2008 w MADISON

Dili-D

NATIONAL FUSION FACILITY




Radial Electric Field:

Consider model of E, - VP, 47,89 - vo:By (Er prior to LH Transition)
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Radial Electric Field:

Consider model of - Y0 ., g _, B (E, prior to LH Transition)
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Radial Electric Field:

Consider model of E, = VP, ey By —vy qu) (Er prior to LH Transition)
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RAPID FLUCTUATION SUPPRESSION OBSERVED IN EDGE AT LH TRANSITION
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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:
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« 200 us segments at
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