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1. Introduction

The spherica tokamak (ST) has dtracted growing attention since Peng and Strickler
predicted its potentid advantages in 1986." These advantages include high plasma current
capability a low toroidd field, high toroida beta, high naturd eongation, and nearly
omnigeneous region in the bad curvature region. Experimentdly, START (Smal Tight Aspect
Ratio Tokamak)** has demonstrated these promising features of the spherica tokamak, and has
recently succeeded in sustaining a high beta (40%) plasma.* These encouraging results are
being followed by the new generation of STs such as MAST?, NSTX®, GLOBUS-M’, and
PEGASUS’

Tokyo Spherica Tokamak (TST) and TST-M have explored the possibility of hdlicity
injection current drive’ and studied turbulence-induced transport.*® The magnetic fluctuation
decreased as the aspect ratio decreased from A=2.5 (conventiona tokamak) to A = 1.4 (ST). It
was shown that the contribution of magnetic turbulence was less than 2% of the tota eectron
heat transport estimated from globa power balance. However, these results were obtained for
relativelylow density(severall 0**m~) andlow temperaturéseveratensof eV) plasmas.

In order to explore higher temperature and higher density regimes, TST-2'* has been
constructed. The increased OH solenoid volt-second capability and increased toroida field
enable production of plasmas with plasma currents of 0.2-0.4 MA and discharge duration of 50
-100 ms. The discharge "flat-top™ will be severd times the energy confinement time, which is
preferable for transport studies. Additiondly, radio-frequency (RF) heating experiments are
planned.Thecomparisorof parameterbetweenl ST-2andTST-M is shownin Tablel.

This paper presents the design, expected plasma performance, operationa scenarios,
andresearctplansof TST-2.

TST-M TST-2 (with Upgrade)
Height of V.V. 1.6m 1.5m
Radiusof V.V. 0.9m 0.7m
V.V Wall Thickness 15-20mm 6mm
Toroidal Field 0.2-0.3T 0.2-04T
OH Volt-Second 25mVs 130mVs( 260mVs)
Major Radius 0.38m 0.37m
Minor Radius 0.28m 0.23m
Aspect Ratio 25-1.3 1.6
Elongation 10-15 1.2-18
Plasma Current < 60kA (<150kA transiently) = 200kA (400kA)
Discharge Duration < 10ms 50ms (100ms)

Table 1: Parameter comparison of TST-M (achieved) and TST-2 (expected).
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Fig. 1: Cross sections of TST-M (left) and TST-2 (right).

2. DesignFeature®f TST-2

TST-2 has a newly manufactured vacuum vessd that consists of a 1.4m diameter
stainless sted cylinder, 0.23m diameter inner wall, and top and bottom semi-dlliptic domes. The
height of the vacuum vessdl is 1.5m. As shown in Fig. 1, the vacuum vessd is similar in sizeto
TST-M. However, as opposed to TST-M, the vessd is continuous in the toroida direction. In
order to reduce the effect of wall-induced eddy currents, the thickness of the vacuum vessdl was
carefully minimized. The thickness of the cylinder and top and bottom domes is 6mm, while the
inner wal is made of a 1.6 mm thick Inconel-625 tube. The top dome and the cylinder are
seded using aViton O-ring and can be separated for installing large gpparatus such as induction
coils and RF antennas inside the vessd. Theinner and outer limiters are located & R=0.125m
and R=0.67m respectively. The plasma mgor radius is around 0.37m and the minimum
possible aspect ratio is 1.5. After instdlation of the RF heating antenna, this value will be
restrictedo 1.6.

The new center stack consists of a239-turn, double-layer ohmic (OH) solenoid and the
center legs of the 24-turn toroidd field (TF) coil. The conductors of the center stack are water-
cooled. The OH solenoid is designed to provide a flux swing of 130 mVsec for single-swing
operation, which is 5 times larger than TST-M. It will be extended to 260 mVsec by using the
double-swing mode. The maximum toroidd field capability increases from 0.3T to 0.4T. On
TST-M, the OH solenoid and the TF coils were located inside the vacuum vessd. The cross
sectional area of the coil conductors were restricted to be relaively smadl. On TST-2, the
position of these coils was moved outside the vacuum vessel. This change results in increased
heat capacity and conductivity, which are necessary for extending the discharge duration. The
TF capacitor bank is upgraded to meet the increased energy requirement for magnetizing the TF
colil.

TST-2 has four pairs of poloida field (PF) coils. Ther roles are cancdlation of the
ohmic leskage flux, production of the equilibrium field, and creation of the poloida field null
during the breskdown phase. A single-turn passive conductor is located at the symmetric point
of the flange. The eddy current induced on the passive conductor will baance the eddy current
ontheflange,thusmakingthe vacuummagnetidield structureup-downsymmetric.

3 Plasm&PerformancandExperimentaPlans

3-1PlasmaStartup
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The required loop voltage for
discharge startup depends on the prefill
pressure and the vacuum magnetic fied 10
structure. Since the vacuum vessel of TST-

2 is continuous in thetoroidd direction, the

magnetic field structure must be determined 05[
including the effect of eddy currents
induced in the vacuum vessd wadl. The
simulation that we employed treats the
vacuum vessd and the poloidd coils as
filamentary current rings, caculates the self-
and mutud-inductances between current
rings, and integrates the differentid 05
equationgy 4th orderRunge-Kuttamethod.

Figure 2 shows the magnetic field ‘ :
structure a the breskdown phase in the A0ld
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OH solenoid and another par IS Fig. 2: Theflux contour(left) and the strength of stray
independently controlled to compensate for field (right) at the break down time.

the leskage flux of the OH solenoid and the
eddy currents. The coail currents are dso shown in Fig. 2. A field null appears around R=0.2m
on the equatoria plane and the strength of the stray field become less than 1 gauss in a

30cnmx50cmregionaroundthefield null.
The connection length is more than 1000m and the dectric field is about 1.8V/m. The
breakdowntime s estimatedo be 2-5msaccordingo the proceduraisedby Lloyd*?.

3-2 Volt-secondConsumption

The volt-second consumption necessary for plasma current build up is the sum of the
externd flux, the interna flux, and the resistive flux loss. The externa flux is estimated using
the numerical calculation of Ref.13. Theinternd flux depends on the internd inductance (l,) of
plasma, while the resistive flux loss is gpproximated using the Ejima coefficient. The plasma
current driven by the OH solenoid is caculated for various I, (0.3-1.1) and the Ejima coefficient
(0.3-0.5). 110mVs is sufficient to drive plasma current of 200kA, leaving 20mVs-50mVs for
sustainment. Linearly extrapolating the results obtained on TST-M aso shows that a plasma
currentof 200kA is probableon TST-2.

The necessary loop voltage for the break down and volt-second consumption can be
reduced using powerful preionization. On TST-M, €ectron-cyclotron-resonance hesting
(ECRH) preionization using 1kW at 2.45GHz was effective for low pressure bresk down and
the maximum plasma current increased by roughly 50%. In addition, empirica scading shows
favorablevolt-seconcdconsumptiorefficiencyin the ST regime*.

2.0 : , , , 3-3 Equilibrium
18l . | The shape of plasma depends
c on the structure of the externdly
O 16 s applied equilibrium field and the
Bl Soe ] interna inductance. Free boundary
S . _ hetringe :
S e 1707 MHD  equilibrium solution was
T 2 T T 4 obtained using the TokaMac™ code
10 | | | [i=11 for an aspect raio A = 1.6 (an
0.2 -0.1 0.0 0.1 02 03 example is shown in Fig. 1). The
K — - input parameters are : plasma current
fr-index (R=0.4m, 2=0.0m) of 150kA, toroiddl fidd of 0.2T a
Fig. 3: The plasma elongation vs. curvature of R=0.4m, centrd pressure of 2 kPa,

and aspect ratio of 1.6. Figure 3

the external magnetic field (m-index). shows the dependence of eongation
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(k=b/@) on curvature of the external magnetic field for two vaues of internd inductance.

Neglecting the MHD stability issue, equilibria of A=1.6 and k=1.1 ~ 1.8 can be produced on
TST-2. At the minimum decay index of Fig. 3, the plasma is marginadly stabilized against
vertica displacement due to the stabilizing effect of the vacuum vessdl. A survey of plasma

elongation by reducing the interna inductance down to 0.2 shows that maximumk is below 2.1.
The space above and below the plasmais enough for an abrupt decrease of internd inductance
andresultanincreaseof elongationrobservediuringinternalreconnectiorevent(IRE)°.

It has been shown theoreticaly and experimentally*®*’ that the edge safety factor limit is
more restrictive for ST. Some equilibria shown on Fig. 3 have edge safety factors of 3.5-4.0,
andcouldbe nearthe operationalimit.

3-4 ExperimentaPlans

The gods of TST-2 experiments include turbulence-induced transport and radio-
frequency (RF) hesting. Transport studies will be continued using Langmuir and magnetic
pickup probes. RF physics experiments using the high harmonic fast wave (HHFW) will start
a low power (2kW). After research on propagation and absorption properties of HHFW,
high powerplasmaheatingexperimentsvill start.

4 Summary

In this paper, the design of TST-2, expected plasma performance, operational scenarios,
andresearclplansweredescribed.

A fidd null will be created at break down by the OH solenoid and the 2 pairs of PF coils.
The new OH solenoid can drive a plasma current of 200kA in the single-swing mode of
operation. Various MHD equilibria are possible with aspect ratios of A >1.5 and elongations of
K=1.1-1.8.

The manufacturing of the new vessd and the new center stack has completed. Initia

vacuum vessd pumping has started and the base pressure is below 5x10°® torr without any wall
conditioning.Thefirst plasmas scheduledn the summerof 1999.
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