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NSTX Explores Low Aspect Ratio (A=R/a) physics regime
NSTH ——

Graphitetiles 2. Solenoid

20 g e Parameters Design Achieved
\) ngor Rad!us 0.85m }p A3 107
Minor Radius 67m
Elongation £2.2 2.5

Triangularity £0.6 0.8
Plasma Current 1MA 1.5MA
Toroidal Field 0.6T 0.6T
Heating and Current Drive
Induction 0.7Vs 0.7Vs
NBI (100keV) 5MW 7 MW
RF (30MH2z) 6MW 6 MW
CHI 0.5MA 0.4MA
Pulse Length £5s 1s

Passive stabilizing
plates
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Reducing Aspect Ratio Maximizes Field Line Length in Good
Curvature and | ncreases Safety Factor, g,

NSTX ——

Bad Curvature

Good Curvature

Magnetic Surface
Magnetic Field Line

Tokamak, q, ~ 4 Compact Toroid, g, < 0.1

The outboard field lines are closerto CT. | .. Bl
Page 3 R. Maingi, ICPP overvie w




High Performance Plasmas Produced in NSTX
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NSTH ——

Long-Pulse H-mode
Duration limited by V-sec
capability
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NSTX mission to assess attractiveness of
spherical torus operation in critical areas

NSTY ——
. Stability

- Theory: higher b limits predicted than conventional
aspect ratio tokamaks

- Experiment: higher b measured, above the theoretical
Ideal MHD stability limits

P Which non-ideal effects are enabling this?
- Confinement, Transport & Turbulence

- RF heating and current drive
- Coaxial Helicity Injection
- Boundary Physics
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Tokamak Theory in Early 1980’s Showed Maximum
Stable pB; Increased with Reduced Aspect Ratio (A)

NSTX ——

A. Sykes et al. (1983); F. Troyon et al. (1984) on maximum stable
toroidal beta b;:

k = b/a = elongation
|, = toroidal plasma current
B, » applied toroidal field at R,

7 Plasma
erss
BTmax =~ C Ip [ a BT T o Section
where : J /
C ~ constant (~ 3 %m-T/MA) 0 : e | -
A = R,/a = aspect ratio : R, »}
i
!
I
i

Peng & Strickler (1986): shape, stabilityas A ® 1
STs can achieve higher I/aB than tokamaks, and C ~ 4-6
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NSTX exceeded the ideal stability limit

NSTX ——

* Dym=65 | ~+ Lastyear limited to & A£ 2
* b, £1.5P slightly diamagnetic .  After machine improvements,
o Wyay ~ 390kJ at or above theoretical no-wall limit
of &= 3
. 53 i u?‘—u{ﬂ}fgmz o . {5} Eﬁ;}{p}ff{ﬂz}
— 20
5 3
0
W i L s
8 2 4 6 B P 2 4 & 8

I, { 38, IMA/MTE I, @B, IMA/MT]
Black data P previousyear’srun Red datab CY 2002
J. Menard
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High (3 attained at low internal inductance (I ) with

reduced pressure peaking (F,)

8 1 <<>> CY0102 ial kineti 81
v E Conceptual <.§CY9901 Pnagé?letigse-%(r:lly E ® CY01-02 partial kinetic
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High b, attained at low internal inductance (¢,) with

reduced pressure peaking (F,)
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e lower /; = broader current profile, higher plasma generated
current fraction (“bootstrap current’ - non-inductive)
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Transport & Turbulence Studies Examined Global
Confinement and Particle Transport

NSTX ——

® Theory :
- 1on turbulence stabilized by electric field shear
- electron turbulence should dominate transport
® Experiment:
- global thermal confinement excellent
- lon Impurity transport near neoclassical

- Ions hotter than electrons: need to understand
source terms for local thermal transport coefficients
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High Radial Electric Field Shear Predicted to Reduce
or Suppresses lon Turbulence

NSTX ——

. EI€ctron and 1on ragia
Long | (ITG):

temperature gradients Sho?tl ((ET()E-)'g<ggE5EB

cause Instabilities (ETG, 5 -1 - xB

ITG)

- Instabilities increase
turbulent energy
transport

- Shear rate (g) In radial
electric field (U dE,/dr)
can reduce ion turbulence

- Electron turbulence
should dominate thermal
transport
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Global confinement time exceeds conventional aspect ratio

tokamak scalings
NSTY ——
« Ratio of NSTX confinement to extrapolation ~ 1.5

— International database with data from mostly conventional aspect
ratio devices in high-confinement mode (H98pby?2)

* Anomaly: T; > T, in most NBI heated discharges
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Neon particle Diffusivity Estimated to be ~ Neoclassical

NSTH ——

* Almost no Neon penetratesinto the core until MHD event
» Estimated diffusion (MIST) isin the neoclassical (NCLASS) range, for

rla<0.6

emissivity (mW/cm3)
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Non-inductive Current Drive Crucial for ST

NSTH ——

- Small space for solenoid in ST -> limited induction

- RF heating and current drive

- Theory: good heating and current drive efficiency predicted
at high dielectric constant and high b

- Experiment: heating demonstrated; current drive efficiency
demonstrated for short pulses

- Current Initiation via Coaxial Helicity Injection
- Theory: current multiplication of injected current

- Experiment: high toroidal current measured, some
evidence of closed flux surfaces
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High Harmonic Fast Wave (RF) Utilizes High Dielectric
Constant ~100 in ST for Efficient Heating & Current Drive

NSTX ——
SPPPL &

I'IIH EFal FLESER
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HHFW Power Couples to Electrons

NSTY ——
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HHFW current drive demonstrated transiently

Page 16

Co- vs counter-
current drive
comparison shows
loop voltage
difference

Temperature and
density profiles
matched by
adjusting RF
power level

NSTX ——

Counter-current drive phasing
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Non-Inductive Initiation Important for ST Development

-\

Co-Axial Helicity Injection (CHI)
Generates Toroidal Current Non-
Inductively

e Inject poloidal current on open
field linesin lower divertor

» Plasma moves up into main chamber
- Injected current restricted to edge

BT

 Toroidal current develops to maintain

force-free configuration

\
lINJ XBT

Ihsulating Gaps

1 kV, 50 kA
DC Power

- Supply

» Magnetic reconnection may redistribute edge
current to interior, forming closed flux surfaces

(need MHD activity)

(X. Tang, LANL) -
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High Toroidal Current CHI Discharge Shows Signs of Possible
Flux Closure

kV

mWhb
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Boundary Physics Focus on Target Plate Heating

NSTH ——

- Theory: opposing physics determines heat flux profile

- Input power must be removed at wall, and plasma facing
components must remain below 1200 °C

- magnetic divertor operation (needed for good
confinement) concentrates heat flux at target

- Small major radiusin ST implies small wall area

- high magnetic mirror ratio and large flux expansion in
scrape-off layer may lead to broad power deposition area

- Experiment: high peak heat flux and narrow width measured
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High cross-field transport and flux expansion could
counteract ST compactness for acceptable heat flux peaking

NSTX ——

Scrape-Off Layer Geometry
of Diverted NSTX Plasma
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Peak Heat Flux in High Confinement Mode Would Lead
to Tile Overheating for ~ 3sec pulse length

NSTY ——
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NST X making rapid progresstoward ST assessment

NSTX ——

- Exceeded ideal no-wall MHD b limit
- limit higher than conventional aspect ratio tokamaks
- Global confinement better than anticipated
- 1on paticle transport near neoclassical
- Heating observed from high-harmonic fast wave technique
- current drive observed transiently
- Plasma initiation demonstrated by Coaxia Helicity Injection
- some signatures of closed flux surfaces
- Compact ST geometry leads to high peak heat flux

- need datawith 2 divertorsto see if peak reduced
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U.S. National NSTX Research Team Collaboration and
International Research Cooperation
NSTX ——

Princeton Plasma Physics Laboratory: M. Ono, E. Synakowski, S. Kaye, M. Bell, R. E. Bell, S. Bernabei, M. Bitter,* C. Bourdelle,
R. Budny, D. Darrow, P. Efthimion, D. Ernst, J. Foley, G. Fu, D. Gates, L. Grisham, N. Gorelenkov, R. Kaita, H. Kugel, K. Hill,
J. Hosea, H. Ji, S. Jardin, D. Johnson, B. LeBlanc, Z. Lin, R. Majeski, J. Manickam, E. Mazzucato, S. Medley, J. Menard, D. Mueller,
M. Okabayashi, H. Park, S. Paul, C.K. Phillips, N. Pomphrey, M. Redi, G. Rewoldt, A. Rosenberg, C. Skinner, V. Soukhanovskii,
D. Stotler, B. Stratton, H. Takahashi, G. Taylor, R. White, J. Wilson, M. Yamada, S. Zweben

Oak Ridge National Laboratory: M. Peng, R. Maingi, C. Bush, T. Bigelow, S. Hirshman,* W. Houlberg, M. Menon,* D. Rasmussen,* P. Mioduszewski,
P. Ryan, P. Strand, D. Swain, J. Wilgen

University of Washington: R. Raman, T. Jarboe, B. A. Nelson, A. Redd, D. Orvis, E. Ewig

Columbia University: S. Sabbagh, F. Paoletti, J. Bialek, G. Navratil, W. Zhu

General Atomics: J. Ferron, R. Pinsker, M. Schaffer, L. Lao, B. Penaflor, D. Piglowski

Johns Hopkins University: D. Stutman, M. Finkenthal, B. Blagojevic, R. Vero

Los Alamos National Laboratory: G. Wurden, R. Maqueda, A. Glasser*

Lawrence Livermore National Laboratory: G. Porter, M. Rensink, X. Xu, P. Beiersdorfer,* G. Brown*

UC San Diego: T. Mau, J. Boedo, S. Luckhardt, A. Pigarov,* S. Krasheninnikov*

UC Davis: N. Luhmann, K. Lee, B. Deng, B. Nathan, H. Lu

UC Los Angeles: S. Kubota, T. Peebles, M. Gilmore

Nova Photonics: F. Levinton

Massachusetts Institute of Technology: A. Bers, P. Bonoli, A. Ram, J. Egedal*

UC Irvine: W. Heidbrink

Sandia National Laboratory: M. Ulrickson,* R. Nygren,* W. Wampler*

Princeton Scientific Instruments: J. Lowrance,* S. von Goeler*

Lodestar: J. Myra, D. D’lppolito

NYU: C. Cheng*

University of Maryland: W. Dorland*

Dartmouth University: B. Rogers*

U.K., EURATOM UKAEA Culham: A. Sykes, R. Akers, S. Fielding, B. Lloyd, M. Nightingale, G. Voss, H. Wilson

JAPAN, Univ. Tokyo: Y. Takase, H. Hayashiya, Y. Ono, S. Shiraiwa; Kyushu Tokai Univ.: O. Mitarai; Himeji Inst of Science & Technology: M.
Nagata; Hiroshima Univ.: N. Nishino; NIFS.: T. Hayashi; Niigata Univ.: A. Ishida; Tsukuba Univ.: T. Tamano

Russian Federation, loffe Inst.: V. Gusev, A. Detch, E. Mukhin, M. Petrov, Y. Petrov, N. Sakharov, S. Tolstyakov, Dyachenko, A. Alexeev; TRINITI: S.
Mirnov, I. Semenov,

Korea, KBSI: N. Na

*In cooperation with DOE OFES Theory, OFES Technology, Astrophysics, or SBIR programs
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