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Facility Upgrades broaden operating regime

@NsTX

* Error field reduction - fewer IRES

e Shaping field pwr supply improvements - high 6
* Full TF operation (6kGauss) - wider g range

e 100keV neutral beam - higher stored energy

e Better H-mode access
=350°C bakeout capability
=>Center stack gas puff



B, = 35% achieved on NSTX
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Shaping particularly important at low A
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e High draises 1.70
magnetic pressure =
for fixed B, =
— Higher pressure
High 6 and
elongation raises
edge g for fixed
current, toroidal field’
— Higher |/aB
— Also alows more
rapid |, ramp
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High [ obtained with high « and@ﬁ
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Highest [ discharges limited by 1/1 m({gdes
NS TX

2 "“_':3:1/33,/’1MA, 3kG ||| * Core becomes n=1 kink unstable
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Troyon limit routinely exceeded
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*  Bumx~ 6.3 e Lastyear limitedto (B,) <2

*  Pp=15=dlightly diamagnetic . After machineimprovements,

e Wjax ~ 390kJ at or above theoretical no-wall limit
« Kinetic data confirms 3 of (By) =3

Black data = previous year's run  Red data = PF coil alignment + bake

Bio = 216(P)/Byg’ (B) = 211o(p)KB*)
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High g, attained with low pressure peaking
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NSTX target, J. Menard, Nucl. Fusion (1997)
8
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* Lowest F,= p(0)/<p>InH-mode A Sibbash, cor.os,
onday afternoon, 14:24, Salon 1-2
* Normalized beta, 3, > 6, B /I, ~ 10



High toroidal field gives highest stored energy
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Reached 20% p,

(By ~ 5.5) a 5.5kGauss
7MW injected power
(100keV)

I, = 1.2MA

~0.4MJ stored energy
(confirmed with
Kinetics)

Record ST neutron rate
5x10%/sand yield
(1.7x10%)

p collapses due to
internal modes

Shot 108819, 6 =0.8, k = 2.0
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Long pulse plasmas achieved on NSTX

NSTX
Plasmas with @
pn*HBIP ~15 have NSTX long pulse database
beencreated for tyy ~ 20/ @ 10050
8* 1 (= 0.49) - :
. : = 108730 -
Timescale also long 15 o B
when compared to .

current diffusion time
8 1z ~ L.7* 14

Pulse length up to 1s - Focus shots
Comparison to

tokamak isfor
reference only =

need R/aindependent 0 2 4 6 8 10
physics scalings tal Te

Tokamak Advanced operatingspace




Highest B\ * Hggp discharge Is diamagnetic
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* Achievedina " Plasmacurrent "
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I (MA) and

High [, discharges avoid 1/1 modes
—_—  [ONSTX
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Highest 3, cases disrupted by ideal modes
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Long pulse, High g, attained in lower single null

Shot= 108730, time= 511ms . “ ®NSTX
| | e+ Single null offers easier H-mode access
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No-wall limit exceeded for many wall times

NSTX-1087

 NoO evidence of
non-rotating MHD
modes

e HBOP ~ 2.7
= typical H factor

= T ~ 94mSs

e fBy~506

e < fBy>~4,~20%
above the ideal no-
wall g-limit for
~20 Ty

S. Sabbagh
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NST X has pushed the ST Into exciting
new physics regimes
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Attained 35% f,
= 0.4MJ stored energy - 20% p, at ~ maximum TF
Achieved long pulse operation with high

bootstrap fraction and good confinement

= [y"H89P = 15 for 8* 1

= <f> 30% above no-wall ideal MHD g-limit

= Diamagnetic plasmas created with ., ~ 1

= Up to 60% non-inductive current (~10% neutral beam)

Highest S, limited by 1/1 modes
Highest 5, limited by internal modes
= with wall limit?



Future research
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Increase shaping: ffx = 11 B, = 1 fis

— Improve vertical position control system
Lower |; and raise current = 1} 5,* 3,

— Increase current/shape ramp rate
Non-axisymmetric feedback (RWM coils)
— Install coil-set, power supplies

Couple to non-inductive current drive tools
— CHI, HHFW, EBW (as they become available)



