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Abstract

A spherical tokamak which has a highly elongated cross-sectibd and a low aspect ratio

A=1.1 is produced by a negative biased theta-pinch. The safety factor at the plasma edge is
Oedge~30 Which is estimated from an internal magnetic field measuremerit:./a
=19.5kA/280kA~0.07. The overall behaviors of the plasma are investigated from many points
of view.

1. Introduction

A combination of a low aspect ratio and high shaping of the plasma cross-section is important
to achieve a higl value of a spherical tokam#8T)[1]. On the START experiment, a high
value Br=30%, wheref, =2u, < p>/B, (<p> andBy are the volume averaged plasma
pressure and the vacuum toroidal field at the geometric center of the plasma, respectively),
has been recently achievg®]. The plasma has an aspect rafe1.3-1.5, a vertical
elongationk~1.7-1.9 and a triangulariéy0.5.

It is known that a field-reversed configuration (FRC) possesses intrinsically the high
Bvalue(=90%) since it has no toroidal field. And it has normally high elongation of the

plasma cross-section=>5 [3]. These features of the FRC are available to study a ST with a

highly elongated cross-section
nignly” elongated ;2 3 4
if the toroidal field can be \
added during the FRC J I
_ n i s | = n
formation. 7
Then, a conducting rod is R T U s 7

installed into a vacuum vessel _ _
_ 1. Return cable 2. Theta-pinch coil
along the central axis of theta- 3. Quartz tube 4. Central conducting rod

pinch-coil to produce a toroidal Fig. 1. Cross section of the NUCTE-ST device
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field as a similar modification to the Heidelberg Spheromak experifheithe schematic of

the NUCTE-ST device is shown in Fity. The rod is wrapped by a thin electrically isolation
tape and covered by a quartz tube with 0.5cm radius to avoid the contact of the plasma with
the tape. The toroidal field in the plasma can be controlled by the current{flowhe rod.

The poloidal field and the vertical field are produced by a combination of a slowly varying
bias current and a fast rising current in the theta-pinch-coil. The coil consists of a confinement
region with 100cm length and 17cm

radius, and end regions with 25cm each

max|tc[KA]
————————————— 10

length and 14cm radius. The fast rising _ 107
£

magnetic field produced by the current <= 5 ******

heats the plasma through the radial and _ 8

the axial compression at the formation gE
9.1 4
—
c

phase of a ST. Théy is applied at

o

0.05 0.10
t [ms]

20u s before the start of the fast rising o_bo

current. Thee-folding times of the

poloidal field and the toroidal field are Fig. 2. Time evolution of (a) rsand
_ (b) averaged electron density

0.08ms and 0.1ms, respectively. The

vacuum vessel consists of a quartz tube

with 200cm length and 12cm inner

: 10 o

radius. 22 " e,

2. Experimental results = ot |/ :

Figure 2 shows thé;. dependence of 980 60 -40 _20“"0_"_20 40 60 80
the configuration lifetime. The ordinate Zcm]

rs of (a) means an outboard radial Fig. 3. Outboard edge of the separatrix
positionof the separatrix.It is calcul- and model shape

ated from a vertical field on the quartz

tube[5]. In case ofi=10KA, thers drops to zero within 0.06ms. On the other hand,rthe
retained for 0.1ms is achievedlin=30kA. The average electron density near the horizontal
plane is presented in Fig-(b). In case ofl3=30kA, the density is almost constant

(n, =3x10*'m®) during the discharge. In other cases, the electron density increases gradually
with time and terminates the discharge.

The separatrix edge profile is also obtained from the vertical fields which are detected by
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a magnetic probe array on the tube. The closed circles
4

in Fig. 3 are experimental data and the dashed line is a 3
separatrix shape which is calculated from fitting the [ _
parametric expressidg)]. g 1b-
R= R+ acogf+9J sird) 0 mcl” AR NN
z= z tKkasinf ) E I
where@ is the azimuthal angle from the major radius, v R?les 0o

and Ry, a, 9, k, andzy are the major radius, minor Fig. 4. Internal magnetic field and

radius, triangularity, elongation, and vertical toroidal vacuum field

displacement, respectively. The dashed line is used
Ro=4.9cm,a=4.4cm,5=0.5,«k=10, andz=5cm. 6 _1,=280ka]

Internal magnetic field profiles are presented in“g4

Fig.4. The dotted line means the vacuum toroidal )

field. In the outboard regiorR& 9cm), the poloidal —
\\

field is larger than the toroidal fieldB{|>|B), but 0 4 6 8 10 12

R[cm]

o
N

both magnetic fields are comparablBy|tB:|) at the
inner region R=2cm). The poloidal field is reversed Fig. 5. Current density distribution

at Ryxis~4.5cm where the toroidal field is 1.7 times the

vacuum fieldBy. This field increase can be explained from a paramagnetic current flow
which is one of the characteristics of a spherical tokamak. The edge safety factor is estimated
from the rectangular modgf] asdeqqge-30.

Figure 5 shows the toroidal current density estimated fromAFibhe plasma curreiy is
about 280kA. Then the ratlg. tol, is less than 0.07.

The plasma pressure is calculated by using the equation of radial pressure balance at the
horizontal plane

(R =5 (BRI~ B(R)- [ PR @

where  BS(R) =B/(R)+Bs’(R),
BAR = BAR+BR),
andR is the quartz tube radius. The pressure profile @figas a peak at nedgs and the pressure

gradient is steep in the inner regi®xB3-5cm, but gentle in the outer regigw6ecm. The valuefr and
B are 2.1 and 0.4, respectively, whte= 211, < p >/ sz( R). The total temperatur&d&T+T¢)
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estimated from the average pressure and electron

10 s s z ‘
density is ~14eV. 8 Ry
E 6
= 4
3. Summary =
2
0

A spherical tokamak is produced and confined Rjem]
cm

in a theta-pinch-coil with a conducting rod. _ ,
Fig. 6. Plasma pressure profile

Typical shaping parameters of the plasma are

R=4.9cm, a=4.4cm, k =10 and =0.5. The

poloidal field strengths ai®,;=1.6kG at the inner edge of the separatrix Bpet1l.6kG at the

outer edge. The toroidal field B&=1.5kG at the magnetic axis, the value of which is about 1.7
times the vacuum strength. The MHD instabilities with high growth rate such as a shift, a
tilt [7] a kink and a ballooning mod8] are not observed. The present plasma terminates the
discharge with the decay of the external circuit.

The plasma parameters will be improved by a low fill pressure operation and an increase
of the condenser bank in the near future.
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