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ENGINEERING DESIGN OF THE NATIONAL SPHERICAL TOKAMAK EXPERIMENT
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Iy M. Fan, lp, Heitzenroeder, 3t Jarboe, 15:8 Kaita, lg, Kaye, Iy Kugel, IR, Majeskd,
Ic, Neumeycr,lR. Parsells, 1g, Perry, N, Pomphrey, 1y, Robinson, 2p, Strickler, IR, Wilson,

(1) Princeton Plasma Physics Laboratory, Princeton, NJ 08543
(2) Oak Ridge National Laboratory, Oak Ridge, TN 37831
(3) University of Washington, Secattle, WA 98155

ABSTRACT

The National Spherical Tokamak Experiment (NSTX)
is an ultra low aspect ratio device with a plasma current
of 1 MA. The tokamak features auxiliary heating and
current drive with a close-fitting conducting shell to
maximize the plasma pressure. NSTX is designed for an
experimental pulse length that will demonstrate quasi-
steady state non-inductively driven advanced tokamak
operation. The design also takes maximum advantage of
existing facilities and components from previous
Princeton devices to reduce the overall program costs.

L INTRODUCTION

The mission of the NSTX device is to assess the
physics performance of the spherical tokamak (ST) in
reactor relevant regimes. ST issues including non-
inductive start-up, current sustainment and profile control,
confinement scaling, B-limit scaling, scrape off layer and
disruption physics can be explored in reactor relevant
regimes characterized by high beta (30-45%), high
bootstrap fraction (40-80%), a fully relaxed non-
inductively sustained current profile, an ultra-low aspect
ratio (R/a~1.25) with a high natural elongation x~2 and
low collisionality for MHD stability and bootstrap current
profile.

The NSTX device is currently being designed to
achieve this mission using the design parameters outlined
in Table 1.

As Table 1 indicates, the main goal of NSTX is to
investigate the advanced spherical tokamak plasma
properties at the 1 MA level. This level of current is a
meaningful step up from the present 100-300 kA level ST
experiments such as CDX-U and START. The 1 MA
level plasma current for an ST is also projected to be
similar in plasma performance to the medium size
conventional tokamak experiments such as PLT and
PDX. The minimum aspect ration of 1.25 was chosen to
allow exploration of extremely low aspect ratio plasmas.
The S second pulse length will allow full relaxation of the
plasma current profile for the advanced ST scenarios.
Given this plasma current, aspect ratio and pulse length,
the minimum size of the TF center leg is defined which,
in turn largely determined the remainder of the plasma
and device parameters.
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NSTX Parameters

Major Radius (cm) 85.5
Minor Radius (cm) 68
Aspect Ratio 1.26
IPlasma Current (MA) 1
[Toroidal Field (Tesla) 0.32(5.05s)
0.64 (0.6 s)
0.64 (60.0s) }(upgrade)
Pulse Length (s) 5
60 (upgrade)
Start-Up Ohmic Heating,
Coaxial
Helicity

Injection (CHI)
Auxiliary Heating and |CHI, Fast
ICurrent Drive Wave (6 MW
delivered)
Neutral Beam
Injection

(upgrade)

Table 1

To minimize the overall cost of the device, NSTX
makes extensive utilization of existing facilities at the
Princeton Plasma Physics Laboratory (PPPL). Among
these facilities and components are the Princeton Large
Torus (PLT) test cell which contains concrete shielding
walls allowing high power neutral beam injection; the
vacuum vessel and PF coils from the S-1 Spheromak; the
Princeton Beta Experiment-Modification (PBX-M) power
supplies to power the toroidal (TF) and poloidal ficld (PF)
coils, as well as the capacitor banks (for CHI); and
powerful existing ICRF and NBI hardware and
infrastructure.

II. CONFIGURATION

Figure 1 shows an elevation view of the overall
configuration of NSTX. The device consists of a stainless
steel vacuum vessel which is mounted on the PLT base
platform. The outer PF coils are supported directly from
the vacuum vessel. The toroidal ficld is supplied by
twelve TF coils surrounding the vacuum chamber. The
most critical feature of the ultra-low aspect ratio NSTX
design is the centerstack assembly which contains the
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