Overview of the QPS Project

J.F. Lyoril, L.A. Berryl, S.P. Hirshmajn B.E. Nelsofll, D.A. Spon&, D.J. Strickle?’,
A.S. War@, D.E. WiIIiamsorJr, D.B. Batchelojr, R.D. Bensoﬁ A. Brookg, M.J. Colé,
AJ. Deishe%, P.J. Fogart1y, R.H. Fowle?’, G.Y. FL?, P. Goransan D. Heskel?t,

D. Mikkelser‘?, P.K. Mioduszewsl%i, D.A. Monticellog, D.A. Rasmussen

loak Ridge National Laboratory, P.O. Box 2009, Oak Ridge, TN 37831-8072, U.S.A.
2Department of Physics and Astronomy, University of Montana, Missoula, MT, 59812, U.S.A
3Princeton Plasma Physics Laboratory, P.O. Box 451, Princeton, NJ 08502, U.S.A

Abstract. QPS is avery-low-aspect-ratio stellarator that is quasi-poloidally-symmetiiic
<R>=09m,e>=033m,8,>=1T for a 1-s puls@ndP,,,,= 1-3 MW. The quasi-

poloidal symmetry leads to low neoclassical transpdavaiaspect ratio. This paper describes
the physics properties and the engineering design of the QPS experiment.

I. MAGNETIC CONFIGURATION
A quasi-poloidal stellaratanith very low plasma aspect ratio ig/<a> ~ 2.7,1/2-1/4 that of
existing stellarators) is aew magneticconfinement approactihat couldultimately lead to a
high-beta (£> = 7-15%) disruption-freeeompact stellarator reactor. TH@uasi-Poloidal
Stellarator (QPS) [1] shown in Fig. 1heing developed to tekey features of this approach.
The shape ofthe flux surfacesvaries from bean-shaped dhe high-field ends tonearly
triangular in the middle of the long sections. There is also a helical magnetic axis.

Fig. 1. Top (left) and side (above) views of
the QPS plasma and the optimized modular
coil geometry used to create it. The colors
. indicate contours of constant |B in T on the
" s i i 2 s i <5 last closed flux surface.
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magnetic field spectrum are poloidally symmetric in
Boozer flux coordinates. Figure 2 shows contours n
[B] ontwo flux surfaces in these coordinategth

straight magnetic fieldlines. The degree ofjuasi-
poloidal symmetryaries with radiug. In the plasma

core (/<a> < 1/2) the magnetienergy in non-poloidally
symmetric field components is <10% tfat in the
poloidally symmetric componentthat fractionrises to
~30% atthe plasma edge. B améB are more closely
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aligned than is gssiblewith other forms of symmetry;

this reduces banana widths amadial particledrifts out

of a flux surfaceover most ofthe plasmacrosssection
rather than close alignment of globaliyeraged drift Toor0|dal ,&ngleh(ramans)

surfaces and flux surfaces (quasi-omnigenity). However Fig. 2. QPS |B| contours
near the edge, quasi-omnigenous features dghatihelp

and field lines.
to reduce neoclassical transport.

For exact poloidal symmetry, the canonical angular momepiLis conserved anl) orbit
excursions from a flux surface limited to theyroradius inthe toroidal magnetic fieldp;
rather than in th@oloidal field p, (the banana width) where, << p; (2) there is noflow
damping in the poloidal direction; and (3) the bootstrap current is reduceN lahere! is the
rotational transform (1/q) and is the number of toroidal fielgderiods. Whileexact poloidal
symmetry is not possible, quasi-poloidally-symmetric stellarataxe these features to a
significant extent. In addition: (1) trapped patrticles are localized in low curvature regncts,
should improve stability to dissipativérapped electron modes; ar{d) the configuration
becomesrelatively insensitive toincreasing3 and thebootstrap current becomes nearly
independent of pressure at higBer

Figure 2 showghat the rotationatransform
profile can bevaried over darge range just
by varying thecurrents inthe modular coils
by £25%. Additional control can be obtained
by varying the currents in the PF coil sets.
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Fig 2 1 variation with modular coil currents.
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II. TRANSPORT AND STABILITY
A measure of the reduction in neoclassical
transport is shown in Fig. 4. For£0 in the

low-collisionality limit, the neoclassical ripple- ATF
induced heat diffusivity isproportional to 0.1 L .
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the same transport as a f@HD calculation in i .

this limit. QPS has similar transport ttzat in - nominal

the W 7-X configuration, but at 1/4 the plasmao'o01 3 \ Qps |
low

aspect ratio. Reducirgg** further would not
be effective since othénsseswould likely be 0.0001 L w w w w w w
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dominant. The high degree of quasi-poloidal

2
symmetry and the reducesffective field (rla)
ripple mayalso reducethe poloidalviscosity, Fig 4. Coefficient of thermal diffusivity in the
enhancing the naturally occurring E x B poloi- 1/v regime for different stellarators
dal drifts and allowing larger poloidal flow and the variation possible in QPS.

shear damping reduction of anomalous transport.
Figure 5 showghat the magnetisurfaces atthe two symmetry planes areobust with
increasing3; only small magnetic island are seen. Infimteallooning modes are stable up to
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Fig. 5. Magnetic surfaces at the symmetry planes Fig. 6. Normalized ballooning growth rate
for vacuum and 8> = 2.1%. vs. flux(q{r/a}?.



<B> > 2%, asshown in Fig. 6. The plasma current requirddr equilibrium in these free-
boundary calculations is consistent with the bootstrap current. Infitigdlooning modes are
unstable for 8> = 2.5-5%, but stable for high@r (secondstability region). Kink and vertical
modes are stable aBx ~5% without feedback or conducting walls.

[ll. ENGINEERING DESIGN

A cutaway view of QPS is shown in Fig. 7 and the main device parameters are listed in Table 1.
The main coil set has two field periods with 8 modular coils per period. Due to stelgnator
metry, only four different coil types are needed. We winding packsthatform the coils are
separated by a thin stainless steel structltalexcept in the center of theng sectionwhere

the windingpacks follow independent patliaith a wider"T") to improve theconfiguration
properties. The central bore contains the central legs of twelve TF coils. There asetthiafe
poloidal field coils and a central solenoid for plasma shape and position contifolr ainging

up to 150 kA of plasma current. Twelve 61-cm-diameter ports around the midplane and smaller
ports onthe top and bottom of theacuumtank provideaccess fotheating, diagnosticgolil
services, and instrumentation feedthroughs. First plasma operation is planned for 2007.

Table 1. QPS Device Parameters

Ave. major radius <R> (0.9 m
Ave. plasma radius <a> [0.33 m
Plasma aspect ratio 2.7
Plasma volume V}jju5ma
Central, edge rotational |2 m’

transform 1, 1, 0.21, 0.32
Average field on axis
from modular coils Bhoa=1T
Auxiliary toroidal field |forl-s pulse
Ohmic current /;j,4ma +02T
ECH power <150 kA
ICRF heating power 0.6-1.2 MW
1-3 MW

Fig. 7. Cutaway view of QPS.

The modular coils have a stainless steel vacuum-tight case since thethslsmamesacuum as
the plasma. Calculatiorshowthat field linesleavethe plasma predominantly at the top and
bottom of the bean-shaped cross sectiomghere recycling neutrals will be confined
mechanically by divertobaffles and then be largely reionized by thundary plasma.
Connection lengths in thecrapeoff regionare long enough foreffective island divertor
operation.
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