QD NSTX

U.S. DEPARTMENT OF

Supported by

Office of

@ » E N E RGY Science

College W&M
Colorado Sch Mines
Columbia U
CompX

General Atomics
INEL

Johns Hopkins U
LANL

LLNL

Lodestar

MIT

Nova Photonics
New York U

Old Dominion U
ORNL

PPPL

PSI

Princeton U
Purdue U

SNL

Think Tank, Inc.
UC Davis

UC Irvine

UCLA

UCSD

U Colorado

U lllinois

U Maryland

U Rochester

U Washington
U Wisconsin

Expected Scaling of Particle
Transport from 3D Fields
(For XP1125)

Jong-Kyu Park,

For informal discussion
In ITER-CC TSG Group Review
June 22, 2011

Culham Sci Ctr
U St. Andrews
York U

Chubu U

Fukui U
Hiroshima U
Hyogo U

Kyoto U

Kyushu U
Kyushu Tokai U
NIFS

Niigata U

U Tokyo

JAEA

Hebrew U

loffe Inst

RRC Kurchatov Inst
TRINITI

KBSI

KAIST
POSTECH
ASIPP

ENEA, Frascati
CEA, Cadarache
IPP, Jilich

IPP, Garching
ASCR, Czech Rep
U Quebec




3D fields can produce
non-ambipolar particle transport

3D fields can deform flux surfaces and produce Non-
Ambipolar (NA) particle transport

— Radial ion transport dominates and accompanies momentum
transport

— NTV theory can be used for prediction

3D fields can destroy flux surfaces and produce stochastic
particle transport
— Parallel electron transport may be significant
— Yet hard to predict

* lon particle transport in 2D is also largely neoclassical in
NSTX and can be compared with 3D transport
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NTV theory gives prediction for particle
transport by 3D fields

* NTV theory for a species gives
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» Rotation damping rate can be used if measured
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3D NA transport differs from 2D transport due
to opposite collisional dependency

« 3D NA transport differs from 2D transport
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« 3D NA transport becomes comparable to 2D when roughly
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S Low collisionality, high aspect ratio, and high NTV are
all needed to produce dominant 3D particle transport

* One can largely increase ratio of 3D to 2D transport depending on the
regimes
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S High temperature, low density, high mass but low charge, and high field
will be all helpful to increase ratio of 3D to 2D transport

NSTX ITER-CC TSG Group Review — NA Scaling (Park) June 22, 2011



3D NA transport for impurity ions Is very weak

* Preliminary analysis is done with
— Very rough approximation based on measured Carbon damping (#124439)
Vgamp,Neon ~ Vdamp,CHERS
— Predicted scaling in 1/v-regime, assuming Z.=8, T.=T
— For 2D, PS transport is calculated and scaled to NCLASS results
 Expected 3D NA transport is very weak [Pelgado-Aparicio, NF 49 085028 (2009)]
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3D NA transport may be measurable if higher
temperature is achieved

» Higher temperature by a factor of 1~2 can greatly enhance 3D NA
transport

Ar Diffusivity with higher T (x1.5)
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 Impurity species with higher mass and lower charge will be helpful
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Summary

* NTV theory gives

—Very strong scaling with temperature and mass for 3D NA transport
—However, high charge makes 3D NA transport very weak

* 3D NA transport may be measurable if
— n=3 EF currents are increased up to 1~2kA
— Higher temperature and lower density is achieved byl~2 factors
— Impurity ions with higher mass and lower charge are used
— Higher field coupling by targeting low g

e Future work :

— Analytic NTV calculations with upgrade for passing impurity ions
— Actual orbit calculations (Kim, Kramer)
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