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OAK RIDGE EDGE TURBULENCE ALTERS LOWER HYBRID
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WAVE PROPAGATION
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OAK RIDGE LOWER HYBRID CURRENT DRIVE PROVIDES OFF-
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AXIS CURRENT AT HIGH EFFICIENCY
-

S External current drive is necessary

for the steady state reactor. =
off-axis current :5 >0
LHCD Provides: 0 | | |
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S Lower hybrid current drive has been
successfully demonstrated in the low
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OAK RIDGE LOWER HYBRID CURRENT DRIVE ON C-MoOD
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Lower Hybrid Antenna

PRESENTED DATA

| CMod | Reactor _JENISIRINEIRITS
5T

Field 54 T

Density 13 .10 m3 5-10-10° m?3 T
Frequency 4.6 GHz 5.0 GHz REQUIRED FOR ACCURATE
Shape Diverted Diverted SIMULATIONS OF |E,|
Launched n, 1.9 2

S Langmuir
probes

X-mode reflectometer horns



OAK RIDGE OUTLINE
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THE DIAGNOSTIC AND IMPLEMENTATION ON ALCATOR C-MoD



OAK RIDGE POLARIZED OPTICAL EMISSION SPECTROSCOPY
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~ Polarized =—» measurement of optical emission having a specific polarization.
S Optical emission spectroscopy == passive measurement of the Dg spectrum.

S E,is determined from a systematic fit to the shape of the spectral line profiles.
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OAK RIDGE DIAGNOSTIC IMPLEMENTATION ON C-MOD
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Lower Hybrid

Polarizing Antenna

beam splitter

periscope
not to scale

35 mm in diameter spot size

™ o and 1t spectra were measured at 7

1t polarization o polarization . . .
locations using a periscope.



QAKRIDGE  DETERMINING E,,; FROM THE 0 and 7t SPECTRA
6|

S The time dependent Schrodinger equation is fit to

the experimentally measured ¢ and mt spectra. 11 -
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COMSOL FuLL-WAVE 3D SIMULATIONS



OAK RIDGE 3D FuLL-WAVE COMSOL MODELING
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-} 7

™ 3D simulations of E,, are required because LH resonance cone is strongly localized.

5 Assumed axisymmetry in n,and reduced problem to Fourier sum of toroidal modes.

Epg(r,z,0) = ZAE rz)zme

S The n, profile is set by reflectometry
measurements and a synthetic turbulence
model.
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COMPARISON OF EXPERIMENTAL AND SIMULATION RESULTS

Ne = Mgo (1 + — O ] WITHOUT DENSITY FLUCTUATIONS



OAK RIDGE
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GLOBALLY |E,,| SCALES AS P,,1/? AS PREDICTED

5 |E,| was averaged over the vertical and horizontal measurement locations to study power

distribution between N and n,, waves.
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“ Averaged |E,,| results indicated a majority of the power is being distributed to —n,| wave.



OAK RIDGE SPATIAL VARIATION OF | E,,| IS PREDICTED

National Laboratory

I BT

5 The spatially variation of |E | is in good agreement with the simulation.

Coordinate System Origin
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~ LH wave power is not being strongly absorbed in SOL near the launcher.



OAK RIDGE | H \WAVE SCATTERING DIRECTLY IMEASURED BY E,,
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~ LH wave scattering was found to increase as the midplane is approached.

90 ° = radial direction
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7~ Strong disagreement was found between simulation and experiment, not sensitive to the
n, profile.
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COMPARISON OF EXPERIMENTAL AND SIMULATION RESULTS
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gﬁ,ﬁ&gﬁg SYNTHETIC TURBULENCE HAS LARGE EFFECT ON ELH

5 Synthetic turbulence model is based on experimental observations [1] and a BOUT simulation [2].

Density fluctuations peak at midplane [1] _(r-r¢)? sin an) (p—gc)z
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OAK RIDGE SYNTHETIC TURBULENCE PREDICTS LH
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WAVE SCATTERING
- 001

5 Synthetic turbulence having A,,, = 5 mm and 11, = .75 can be used to explain experimental and
simulation discrepancy in both vertical and horizontal sets of measurements.

WIDE RANGE OF A,,, AND 71, VALUES YIELD SIMILAR RESULTS
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OAK RIDGE  SCATTERING OF K, HAS SIGNIFICANT IMPACT ON
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CORE WAVE PROPAGATION/ABSORPTION
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7 Scattering of k | by density blobs can change evolution of k|| along the ray =» different damping
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E, | (kv/cm)

OAK RIDGE
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LH wave absorption negligible in
SOL near the launcher
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CONCLUSIONS

Strong LH wave scattering is
occurring in the SOL
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FUTURE MEASUREMENTS OF E |,

DIlI-D High Field Side Launch

HFS SOL is quiescent - density fluctuations
seem to be absent!
Normalized Fluctuation-Induced

200, Farticle Flux Profiles (I r/ng)

N. Smick NF (2013)

HFS LHCD simulation of DIII-D discharge 147634 using
GENRAY-CQL3D shows excellent wave penetration and
single pass damping.

WEST has installed HFS optics. |

22
Polarizers will be installed early next year,
yielding 12 sightlines.

Have spectrometer... Will travel...

FWHM = 0.007 nm
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QUESTIONS



OAK RIDGE SPECTRAL LINE PROFILE SENSITIVITY TO E |,
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™ The spectral line profile is uniquely sensitive to all components of the E ,, vector.
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OAK RIDGE SPECTRAL LINE PROFILE SENSITIVITY TO E |,
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¥ OAK RIDGE - GENRAY VALIDATION OF COMSOL SIMULATIONS

S COMSOL model was validated using GENRAY. —‘\ —‘\
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OAKRIDGE  \/ERT|CAL POSITION SCAN OF |E,,,| VS. P},
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