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1. Introduction

Stellarators are widely recognized as #tternative to the tokamak as a toroidal fusion
reactor. Large experiments have advancesrmaters, and theoregicand design studies
have developed advanced configurations flee next generation of experiments. The
configuration space of possibellarator designs is so large that comparative studies of
experimental behavior are important to makeigices that lead to an attractive reactor.
Both experimental and theoretical confinemstnidies have been imsively conducted in a
variety of concepts for a long time.

In 1995, a collaborative internationaldy used available data from medium-sized
stellarator experiments, i.e. W7-AS, ATF, CHf®d Heliotron-E to déve the ISS95 scaling
relation [1]

z_IIESSQS — 0.0793.2'21R0'65FT 0.5@11 O.SLB O._5lg/30.4 (1)
Here the units ofg, P and fe are s, MW and 0m3, respectively, anebss is the rotational
transform atr/a = 2/3. This expression can be regded into an expression by important
non-dimensional parameters,

z_|E3595 o TBohnp*70.71ﬁ7 0.16, N 004
wherep* andvy* are defined by the ion gyro radius naalized by the plasma minor radius
and the collision frequency between electrons and ions normalized by the bounce frequency
of particles in the toroidal ripple, respectivelyis the ratio of the plasa kinetic pressure to
the magnetic field pressure. Since ISS95w rexperiments, i.e.LHD [2], TJ-Il [3],
Heliotron J [4], and HSX [5], most with dédfent magnetic configurations, have started.
Device improvement with divertor also hasel taken into operation in W7-AS which has
developed an improved confinement mode ][6EXtension of the confinement database
aims at confirmation of our previous undargling of ISS95 and examination of possible
new trends in confinement performance oéllatators. We have started to revise the
international stellarator database incorpoigtinese new data to improve assessment of a
stellarator reactor and despunderstanding of the undergiphysics of confinement.
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2. Extension of International Sellarator Confinement Database

More than 2500 data have been compi
in the database to date and 1747 d
representing typical dikarges have been use
for this study. The largest device, LHB/& =

102}

3.9 m/ 0.6 m) has extended the parame &
regime to substantially lowep* and wp*
regimes which are 3-1XOcloser to the reactol -3 ® LHD

10"} Reactor A W7-AS ® H-E
regimes than those of the mid-size devic R o ATF
(Fig .1). Data from the flexible heliac TJ-I 107 ot e e
allows us to investigate thadependence over N

much larger variation (1.3 € < 2.2) than is Fig.1. Parameter regime of data in the

. . . international stellaator database on
available in the other experiments. . "
the space of normalized gyro ragii

d collisionalityw,*.
3. Towards a Unified Scaling and collisionality,

A simple regression analysis of the entire data set using the same parameters as in

ISS95 yields
TEEG — 0.3m2.07R1.02P— O.GQQO.SSB 1'9%_/30'16% TBOhmD*—l.QSﬂO.lé\/b*—O.lB (2)

with root-mean-square error MSE) = 0.101. This expressiaa characterized by strong
gyro-Bohm as a similar analys$ heliotron lines has suggest&. However, application of
expression (1) to data from a single devieads to contradictory results. For example
comparison of dimensionally-similar dischargesLHD indicates that the transport lies
between Bohm and gyro-Bohm scalings [9]t&ional transform scans in TJ-Il also show
that 7 is proportional to the power 0f3h-0.6, which contradicts the weaklependence of
Eq.2 [10].

We conclude that while Eq. 2 is useful
for unified data description as a reference, its » beliotron J
application is limited to the available data set | o /\?VT;/AHeI.E/CHS
alone and is not valid foextrapolation. Data @ F
inspection and experience from inter-machine §

=

e LHD
s W7-AS

studies suggest necessity to introduce ax?
]

. , : 102 .
magnetic configuration dependent parameter " ]
in order to supplemerthe set of regression
parameters and resolve this seemingly L
contradictory result. A systematic ga 107 L

y : y gap 103 102 10
between W7-AS and hetimn/torsatrons was (S )

noted during the earlier studies on the ISS%4g.2. Comparison of energy confinement in
experiments and predicted by ISS04v3.
Experimental data is corrected by a
pronounced effect of magnetic configuration  renormalization factor.{,..

scaling. A recent example showing the
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variation even in a single device hasmep from comparison of the performance of
configurations with shifted magnetic axes iHIR. A discharge with an inward shift of the
magnetic axis fromR.,=3.9 m to Ry=3.6 m, results in a doubling ofr. for similar
operational parameters, P, ne, B and + [9]. Therefore, acceptae of a systematic
difference in different magnetic configuratioissa prerequisite for derivation of a useful
unified scaling law. A deterministic parametéraracterizing the magte configuration has
not been identified yet, but certainly involuée details of the helally corrugated magnetic
fields, so an enhancement factor on ISS95 is used for renormalization to describe the
magnetic configuration effect. One renormaliaatfactor is defined by the averaged value
of experimental enhancement factors for heamonfiguration (subset). Iteration of a
regression analysis of data normalized by tHas®rs specific to @anfigurations tends to
converge into the following expression :

Z_IIESSMVQZ 0.14&2'33R0'64P_ 0.6—}—1 O.SEB 0.{31_2/30.410C Z_BOhmO.k—O.QO ﬂ—o.lﬁ/ b*— 0.01 (3)
with RMSE =0.026 (see Fig.2). In thi- : : : : : :
. 1.2F W7AS .
process, weighting of the square root [ high ¢ :
the number of each subset is applied. T 1'05_ } e %
- 0.8F .
- i Hel.E 1
expression appears m.ore compr.ehen_s & gofLHD e W7As ]
than Eq. 2. The leading coefficient i R.36 @ } low 1 ]
determined so as to give a @ °f RLH3D9 e
renormalization factor of 1 for the cas 02p e TJ-Il :
0 [ 1 1 1 1 1 1

with +<0.48 in W7-AS, and Fig. 3 show Experiments
the resultant renormalization factor fc rig 3. Renormalization factors for devices

subsetde, with different configuration. considered. Data of W7-AS are divided into
two groups with low (<0.48) and hight

3. Discussions and Conclusions (50.48).

The above mentioned results lead to a taskhie immediate future of these studies. The
first step is clarification othe hidden physical parameters to interpret the renormalization
factor shown in Fig.3. It issasonable to suppose that this remadization factois attributed
to specific properties of the helical fieldrstture of the devices. One possible leading
parameter is an effective helical rippless [11] although there est other potential
configuration factors such dsactions of direct-loss orbitand trapped particles and the
plateau factor, etc. The valuessgf have been calculated acdats by the numerical codes,
DCOM [12], DKES[13] and MOCA[14]. Validatio of results from the codes has been
proven for several configurationgzigure 4 shows the correlation afs with the
enhancement of confinement &8s with respect tehe unified scaling law ISS04v3. The
upper envelope resembles @ar®* dependence, however, detailed studiesgrbehaviour
are required as the data indicate, e.g. laggdtering of W7-AS data. Also the expression of
a power law ok diverges to infinity when it appaches zero. Hence, a simple power law
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is expected to fail. Although all data in tr

: . ® LHDR_36
database are not located in the collisionle . W LHDR.3.75
regime where the neoclassical transport 15F 2 A LHDR,39
enhanced, e can be related to effectivi » [ A o WTAS
heating efficiency through the % 1_05_ ‘ ® Heliotron E
neoclassical-like losse of high energetic =" | |
particles and anomalous transport throu %“055

e 0or R

flow dumping due to reclassical viscosity.
Due to the aforementioned reasons,
incorporation of thatfactor to a unified 0
scaling is premature at present. Nonethele
the correlation encourages a more system:  Fig.4 Confinement enhancement factor
study of other potential configuratioi as a function ofyr at r/a=2/3.
-dependent factors to project a padtthe optimal configuration.

The web page of the international steltar confinement database is jointly hosted by
National Institute for Fusion Science andxXvRlanck-Institut flir Plasmaphysik, EURATOM
Association, and available at http://isadfs.ac.jp/ and http://www.ipp.mpg.de/ISS.
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