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The relation between the plasma properties and elongation ratio is studied in a
non-circular tokamak in the case of the safety factor g, ~2. With the increase of
elongation ratio x (1.3—1.5), the plasma current increases from 19.5 to 25 kA,
the loop voltage decreases from 4 to 3 V, the mean current density and the electron
temperature increase slightly (~109%), while the relative amplitude and the
poloidal dependence of Mirnov oscillations (=2 mode) change little.

It is expected that better plasma parameters
can be obtained, using a vertically elongated
plasma.'~® The measurements in TOSCA®
show that the energy confinement time and
the poloidal beta value increase with elongation
ratio. The results from Doublet IIA> show
the enhancement of the electron density and
the energy confinement time with increasing
elongation ratio. The maximum plasma current
increases almost linearly with elongation ratio
in Doublet IIL.%

In this letter, the relation between the plasma
properties and elongation ratio obtained on
TNT-A (Tokyo Non-circular Tokamak)” ) is
presented. In the case of a cylindrical plasma
with the elliptical cross section and flat current
density, the plasma current I, and the current
density j are proportional to (1+x?%)/2, (1+x%)/
2k, respectively, when the safety factor ¢,, the
toroidal magnetic field B, and the plasma
minor radius a are constant (k=b/a: ratio of
vertical to horizontal semi axis length). It is
considered that the increase of the current
density leads to a rise in the electron tem-
perature due to the increased joule heating. In
addition to investigate the dependence of the
plasma parameters on the elongation ratio, the
MHD instabilities must be studied in connec-
tion with the confinement properties.

The TNT-A device has major radius R,=40
cm and B;<4.4kG. The plasma volume is
limited by a molybdenum limiter with a D-
shaped aperture, 18 cm wide and 36 cm high.
The plasma shape is controlled by an external
shaping field generated by eight shaping coils
surrounding the chamber. The electron

temperature and density are measured by
Thomson scattering equipment and 70 GHz
microwave interferometer. The magnetic
surface outside the plasma is determined by 14
magnetic probes and six ¥ loops. The signals of
Mirnov oscillations are sampled by the micro-
computer data acquisition system (sampling
time is 1.3 us) and are analyzed by the fast
Fourier transform method.

Elongation ratio x is varied from 1.3 to 1.5,
changing the decay index n, from —0.15 to
—0.75 (n,= —(R/B,)(0B,/0R): measured value
with no plasma current; B,: vertical field in the
cylindrical coordinate (R, ¢, z); R, ¢, z: dis-
tance from the major axis, azimuthal angle and
distance from the equatorial plane).

Figure 1 shows the dependence of the loop
voltage V,, the safety factor ¢, and the maxi-
mum plasma current I, on elongation ratio
in the case of B,=3.7 kG and filling pressure
~1.7x10™* Torr. With the increase of elonga-
tion ratio, the plasma current increases from
19.5 to 25 kA and the loop voltage decreases
from 4 to 3 V. Here, the dotted line shows the
expected plasma current with B,=3.7 kG,
g,=2and a=8cm (I,=(2na’B,/uoRq,) (1 + %)/
2). The safety factor is lowered to ~2 in all
four cases. In these cases the plasma density is
4~7 %102 cm™3.

Figure 2 shows the experimental values of
the mean current density and the central
electron temperature 7,(0) versus elongation
ratio. The curve of the mean current density is
shown in the upper figure in the case of B,=
3.7kG and ¢,=2 (j=(2B,/uoRq,) (1+x?)/2x).
The conductivity temperature T, rises from 95
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Fig. 1. Dependence of loop voltage ¥V;, safety factor

¢. and plasma current I, on elongation ratio x. The
dotted line shows the expected plasma current in
the case of B,=3.7kG, g,=2 and a=8cm. (I,=
(2na®B/poRq.) - (1 +x)/2)).

to 120 eV as k is changed from ~1.3 to ~1.5.
Here T, is derived from the measurements of
I,, V,, k and a, assuming Z=2.5'" (Z is
the ratio of experimental plasma resistivity to
Spitzer resistivity with Z=1). The curve in
the lower figure gives the best fit electron
temperature 7,, assuming T,ocj?/® and joc
(14+x?)/2x. Slight increase of T,(0) with x is
consistent with the increase of j and 7.

Figure 3 shows a typical example of the
poloidal angle () dependence of ffp/Bp (relative
amplitude of Mirnov oscillation of m=2 mode
at the current peak, measured by 12 magnetic
probes around the plasma) in the case of k~
1.5. Here, 6 is the poloidal angle from the
outer side of the torus. The amplitude of B,/B,
at the inner side is smaller than that at the outer
side of the torus. This difference of Ep/Bp arises
because of the small outward shift of the
plasma column. There is no enhancement of
B,/B, at a particular poloidal angle and a clear
difference is not found as to the dependence of
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Fig. 2. Plot of mean. current density j and central
electron temperature 7.(0) against elongation ratio
k. The curves of the mean current density (j=
(2B./uoRq.)- (1+x?%)/2k)) in the case of B,=3.7kG
and ¢,=2, and the best fit electron temperature
T., assuming T.ocj?/3 and joc(1+#x2)/2k, are also
shown.
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Fig. 3. Poloidal angle dependence of B,/B, (relative
amplitude of Mirnov oscillations of m=2 mode)
in the case of kx~1.5. Here, 0 is the poloidal angle
from the outer side of the torus.

E‘,/Bp profile on elongation ratio, considering
the shift of the plasma column.

Figure 4 shows the dependence of the
frequency and B, /B, of Mirnov oscillations on
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Fig. 4. Frequency f and relative amplitude of B,/B,
at the outer (=0° (Q)) and the inner (§=180°
(@)) equator of Mirnov oscillations vs elongation
ratio k.

elongation ratio. Here, EP/Bp is measured at
the outer (#=0°) and the inner (6=180°)
equator. Considering the outward shift of the
plasma column and the plasma cross section,
the value of B /B, at the plasma surface (§=0°
and 180°) can be calculated. This value of B, /B,
at 0=0° is nearly same with that at 6=180°,
and changes little with increasing elongation
ratio (B,/B,=1~1.5%). The frequency shows
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a tendency to increase with elongation ratio.

In conclusion, the plasma current, the mean
current density and the central electron tem-
perature increase slightly with elongation ratio,
while the relative amplitude and the poloidal
dependence of Mirnov oscillations change
little under the condition of ¢, ~2.

The authors express their gratitude to Dr.
J. R. Wilson for reading the manuscript
carefully.
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