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Introd uction

The Nationd Compat Stdlarator Experiment (NCSX) will study the physics of
low aspect ratio, hly , quasi-axisymmearic stdlarators. In order to ahieve the sdentific
goals d the NCSX missioh the device must beapableof supportiy a wide rame of
variations in plasma céiguration about aeference equilibrium. Numecal experiments
are presented which demonstete this @pability.

The NCX coil-set comprises 18 modular coisin each of the 3 field periods of
the machine. Té coils @&e grouped into 3 indepedently controlled cicuits - one cicuit
for each distinct coil shpe. A novel island-haing algorithm? was ncorporaed in the col
design methodolgy to ensuregood flux surfaces. A supplementgr toroidal field coil
system @n provide a 0.5 1/R field in either direction relative to the dutar colil field.
This provides thecapability to vary the external rotationd transform a fixed toroidal field.
A system of 6 pairs of asymmetric poloidalfield coils is included for additiona
flexibility, four of which provide low-orde axisymmetric multipole fields, and the
remainingtwo provide an ohmic field.

The primary computdiond tool for theflexibility studiesis STELLOPT, a VMEC-
based rfee-boundar optimizer which varies al currents togeneste equilibria with
targeted pisics progerties, such as stabifitto kink and ballooningnodes (conductig
wall at infinity) and good quasi-asymmety (QA). Essential cogl modules within
STELLOPT indude an euilibrium solve (VMEC®), staility analysis ocodes
(TERPSCHORE' for kink modes, COBA”® for ballooningmodes), andx QA anajser
(NECP which evaliates QA by calculating the effecive helcalripple, ).

Plasma performance as and I, are varied
Here STELOPT is used to calculate coil cunte which support stable plasmas
with good QAasl, and are variedfom their eference values. Profilesf pressue and

current ae held fixed, equal to a bootstrap-consistent form (see cuamdléd = 0.0



and = 0.0 in Fg. 1) appropriate to the B= 1.7T desigq point (S3) wierel, = 174 kA,
= 4.2%.For a 55 matrix of equaly spaedl,, valuesspanning, [0, 174 kA]
[0, 4%] STELLOPT successfuyt prodiwces p-optimized equilibria which ae stdle to
kink and balloonig mocks forall I,, values, wih  varying within a facor of twoof the
reference (1 = 0.5%at s ~ (/3% = 0.5). In addition, a stable cdiguration with god
quasi-axsymmety was obtained at = 6% forl, = 174 kA, B- = 1.7 T and refence
profiles of curent and pressureN¢ attempt hayet been made to fid the -limit for
optimized profiles). Modular coil currents vay by less tha +10% ove thel, — plane
and the aukary TF field variation is less that 0.10 T. Usingreference prdiles, we
conclude tlereis asubgantial rggion d stability with good QA in thel, - plane. For
these calcaions STELOPT wes run in a mod which provides aost function penat
for instability but no eward for stability margin. Therefae each equilibrum produced in
thel,, scans$ marginally stable (as was verfied by freezng the coil currents, increasng
, and nding the gppearance of instaility). Configurations with awide range of -limits

can beeasily geneated ly anapproprate choie of the coil curents.
Plasma perf ormance asprofiles are varied

We now examine plama peformarce when plasma profilesare varied about
reference forms atfixed I, andBr. A 1-parameter sequene d J.B profiles, labelled
paameter [0, 1], de<ribing the dfect of peaking the current profile inthe coreof the
plasma is shown ini§. la. Usig the eferene p(s) andl, = 174 kA Br = 1.7 T,
STHELLOPT findsstableconfigurationswith 3.0% for0 0.5,with , 0.5%ats
= 0.5. Current profilesvith finite edg current hare also beeexamined. At =5.0% we
find staility is mantained as JB®®%J.B™ is rased b 50%! (dashed awe in Fig. 14).
The staility of stdlarators to elge currents’ is in contrast with tokamak behavior and
leads to theinteresting possibility tha H-modeprofiles maybe beneficial to NCSX.

STELLOPT wes run fa a sequece d pressue profiles (se Fig. 1b) where the
peakedi.ss in the ca region, parameterized by [0, 1], was variedFixing at 3.0%
and usinghe reérence JB current profile, the stale rarge of p(s) is 0 0.8. For this
range of profiles, , 0.4% atr/a= 0.5.The = 1.0 cotfiguration is stale at = 2.5%.
Finite edge presseigradients were also studied. Usitige pedestal prdé shown in K.

1b, a stable corjuration at = 3.0%, with ;, = 0.56% was found.
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Figure 1: J.B(s) and pé) profilesusedin flexbility sudies.S ~ ¢/a)’ is namalized toroidal flux
Control of Quasiaxsymmetry

The ability to generate configurations with @od quasi-assymmety is anessential
requirement b the NGSX design. For a g/stematic exploration of the role ofQA in
improving the transpot propeties of stdlarator plasmas, it is ne€essay to have the ability
to control the degree of QA-ness. In this Setion we demonstete this aility, by varying
NCSX modular coil currents to induce plasma shape ggsthat dgrade/enhace the
QA-ness (masured ly the magitude of the npople amplitude, ;) while mantaning
plasma stabilit to kink and ballooning modes. Thability is shownin Fig. 2 whichshows
an overdy of plasma bandariesfor three configurations, eah with I, = 87.5 kA, =
2.0%, echwith the ame (efeen®) profiles of plasmacurent and pessure,but each
exhibiting quite diffelent degrees of quasi-axsymmetry. The modula coil currents \ary

by appoximately 20% ashe QA varies Y a facta of ten in this eample.
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Figure 2: Bounday shape geneated bydifferert modilar coil currens for 3 stable onfigurations
with ¢¢(s= 0.5) differing by a factor of 10.



Control of iota profile

The ability to dhange the external transform provides a usdul control feature in
NCSX. Control of (s) an be used to test thenportance of avoidig low-orde rational
surfaes in the plasma regn; evaluatig the role of shear on neoclassitahringmodes;
is useful f@& mappirg stability boundaies; andwill be usefulfor establshing controlled
conditions for tansportexperiments. Using ference profiles of pressue andcurrent and
fixed refaene S3 valas of , |, andBr (for which theaxis and edge values of iota are
(0) = 0.40, (1) = 0.65)substantial chareg (s) [-0.2, +0.1]at constant shear can be
accommodateavhile keepingthe shea constant Similarly, the shega measured ¥ o=
( max — (0)) can le changed in the ange 0.23 A£0.53. kgure 3a,b shows(s) profies for
the consant shearand vaiable shea scansat congant , I, and B. In conuctionwith the
variation in iota profile®btained ly varying I,and  at constant 8 show in Fg 3c, the

range of iota pofiles accessible to NCSX is verbroad.
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Figure 3a,b: Range of iota variation achievedvayying coil currents at fixedyland B
3c: Range of iota profiles obtained by varyipghd at constant B
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