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OutlineOutline
• Scenario development

– Precision control
– High κ
– Long pulse
– High β

• MHD
– Resistive wall modes
– Error fields

• Transport
– Global Scalings
– Transport barriers
– Momentum confinement

• Summary and Plans



rtEFITrtEFIT//isoflux isoflux controls boundary preciselycontrols boundary precisely

• Real time digital
control of plasma
boundary based on
inversion of the Grad-
Shafronov Equation

• Isoflux control -
VPFi=Giδψi where δψi
is the flux error
between requested and
actual boundary along
control segment

• Used for 40% of
experiments in 2004

Four consecutive shots-
Boundaries from EFIT



Improved control system expands operating boundariesImproved control system expands operating boundaries

• Control latency
reduced to 1/4
previous value

• Plasma elongation
increased ~30% (at
fixed li)

• Increased elongation
has broadened
operating space
(pulse length, β)

From EFIT - entire NSTX database

2004
2002-3
2001



Long pulse discharges extendedLong pulse discharges extended
• High elongation extends pulse at higher current

(raises bootstrap current, edge q)
• Early H-mode reduces flux consumption during

current ramp

Shot 112581 - 2004
Shot 109063 - 2002

Boundary from 109063 overlaid (green)



Magnetic pulse length increasedMagnetic pulse length increased
• Simulataneous doubling of βt

(pulse averaged) and 50 %
increase in normalized pulse
length (τpulseN = ∫Ipdt/<Irod>)

• Improvement correlates
strongly with high κ



High High ββtt  achieved at achieved at IIpp//IIrod rod > 1> 1
• IN = Ip/aB ~ 7 (MA/[m•T])  - Ip/Irod ~ 1.1
•  βt ~ 39% - uncertain within 10%
• MSE available but not yet analyzed

Shot 114465, 1.4MA, Itf = 36*35.5kA



High High ββ regime extended regime extended

• Many shots
with βt > 35%

• Troyon scaling
confirmed with
βN ~ 6.3 (wall
stabilized)

• Highest β also
at high κ ~ 2.3

EFIT data from 2004
EFIT data from 2001-3



Clear signature of RWM observedClear signature of RWM observed

NSTX Results Review 2004 - S. Sabbagh



RWM rotation collapse differs from other modesRWM rotation collapse differs from other modes

NSTX Results review S. A. Sabbagh



Error field Error field ampification ampification measuredmeasured

NSTX Results Review 2004 - J. Menard



Global confinement Global confinement scalings scalings fromfrom
dedicated scansdedicated scans

• Specific scans of control parameters (plasma
current and in put power) show scalings similar to
conventional aspect ratio tokamaks

• Fits to thermal confinement show similar trends
NSTX Results Review 2004 - S. Kaye



ττEE  scaling differs for larger databasescaling differs for larger database

• For global database
strong dependence of
confinement on
toroidal field

• Weaker dependence
on plasma current

• Difference under
investigation ->
finite gyro-radius
effect?

NSTX Results Review 2004 - S. Kaye



Diffusivity profiles under studyDiffusivity profiles under study
• Thermal diffusivities

from TRANSP based
on measured profiles
of Te, ne (20 channel
Thomson scattering,
60Hz), Ti, Zeff (51
channel, 100Hz
CHERS)

• Accuracy of
calculation and data for
region with χi <
χi,NCLASS under
investigation

NSTX Results Review 2004 - S. Kaye



PF1A upgrade will allow stronger shapingPF1A upgrade will allow stronger shaping

• PF1A coil is being modified for better control of
triangularity at high elongation

• High triangularity combined with high elongation
will permit 40% more current for fixed q
– Alternatively higher q for the same current

• 100% non-inductively sustained scenario has been
identified for target double null shape
– Assumes functioning EBW current drive

• Will also test if RWM feedback can raise βN
– Important for increased bootstrap current



Shape evolution at high Shape evolution at high ββ on NSTX on NSTX
Shot = ??????, time = ???ms

High δ High κ
High κ,δ

2002-3 2004
2005?



SummarySummary
• NSTX has made excellent progress

– Shape control has been crucial
– High κ
– Pulse length increased 50% with 100% increase in βt

–  βt ~ 39%

• MHD studies have identified important performance
limiting modes
– RWM
– Error field modes

• Beginnings of single machine ST transport scalings
developed
– Intriguingly good ion confinement

• Planned upgrades should lead to continued improvements
in performance


