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Introduction

The START experiment has demonstrated the very high-3 potential of the Spherical Tokamak
(ST) — achieving a toroidal volume average ,~40% and a normalised <5 (where in B
definitions the vacuum toroidal magnetic field at the geometric axis is used). While these
parameters begin to bring the ST into the regime needed for the economic realisation of
fusion power, further increases are desirable. ST power plant studies typically show ,~8 is
desirable [1] so that a high pressure-driven current fraction can be maintained; this is
important both to minimise expensive current drive power and also to minimise penetrations
through the blanket (eg. by neutral beam lines) which reduce tritium breeding capability.
B,~8 implicitly requires operation in the second stable regime for ballooning modes. A
discussion of the stability properties of such equilibria is the subject of this paper.

Stability of limiter equilibria

For the equilibria studied I,=l;oq is chosen (where l.q is the total Toroidal Field current).
Ideally the ratio I,/l,,q should be as large as possible but is limited by the need to attain
acceptable MHD stability at a high pressure driven current fraction. The limiter equilibria
presented here and their pressure driven current fractions are calculated using the SCENE
code [2] which has a full (non aspect ratio ordered) evaluation of the bootstrap current.

The pressure profile is specified in the same form as Ref [3]:
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where y = poloidal flux and the subscript a indicates the edge value. The driven current
profile, which is combined with the pressure-driven currents to give the total current, is of the
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form:
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Aspect Ratio 1.4

Elongation 3.0

Total VP driven current 88%

Diamagnetic current 20%

By (wrt vacuum TF at geometric axis) 58%

B¢ (wrt volume average equilibrium IB]) [41%

Bn 8.2
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Figure 1 shows the current and g-profiles for the equilibrium whose parameters are given in
Table 1. The current drive requirements using neutral beam injection (NBI) to drive the
residual current, have been worked out in detail [4]; for I,=31MA 76MW of NBI is needed.
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Fig 1 (a) Flux surface averaged total current (solid line) and driven current requirement (broken line). (b) The
associated q-profile as a function of minor radius (defined as the geometric radius on the horizontal mid-plane).

Raising q above unity in this manner gives a sufficiently large magnetic well to give direct
access to second ballooning stability at all radii; a typical S-a plot demonstrating this is
shown in Fig 2.
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Fig 2 S-a curve for surface near the
plasma edge, the top right region
bounded by the curve is unstable. The
‘X’ shows the equilibrium S and a

S 10 value. Due to the large H-mode like
edge pressure gradients the closest
approach to ballooning instability is
near the edge (NB J,44,=0).

The penalty for gaining stability to ballooning modes is the need to have a nearby conducting
wall to stabilise the low-n kink modes. The low-n stability has been calculated independently
with the MISHKA [5] and KINX [6] codes, the results being in good agreement. High
resolution is needed to resolve these instabilities — 75 (m,n) harmonics in MISHKA and
256x256 grid in KINX. The large edge current tends to destabilise low-n modes which are
relatively edge localised as shown in Fig 3.
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Fig 3. Contours of normal displacement
magnitude for n=1 and 2 with a
conformal wall at 1.3 minor radii. The
clustering of contours near the plasma
edge indicates the localisation of the

mode in that region.

The conformal wall position needed for n=1,2 and 3 stability are 1.13, 1.19 and 1.17 minor
radii, respectively. As discussed below these marginal wall radii increase markedly with the
triangularity of the plasma.

Stability of free boundary equilibria

Free boundary equilibria have been calculated with the CAXE code and their low-n stability

checked with the KINX code [6].

Figures 4 and 5 show radial profiles of equilibrium

quantities and the flux surfaces for a free boundary equilibrium with 3,=8.16.
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Fig 4 Radial profiles
of equilibrium
quantities for an
equilibrium with R/a
=1.39, b,=8.16,
b,=60.6%,
elongation=2.97 and
triangularity=0.56.
The broken lines
indicate the driven
current requirement
in the flux surface
averaged current
plot and the
marginal ballooning
stable pressure
gradient in the
pressure gradient
plot.
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Fig 5 Left-hand figure shows flux
surfaces and right-hand figure

+ current density contours for the
equilibrium shown in Fig 4.
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For the equilibrium in Figs 4 and 5 the SCENE code gives a total pressure driven current
fraction of 88%, with the diamagnetic term contributing 19% to the total. Low-n stability
benefits from the higher triangularity - for this equilibrium, if Weqee=0.9775x poini, the
marginal n=1 and 2 wall locations are ~1.34 and ~1.45 minor radii, respectively. Calculations
with the equilibrium boundary closer to the separatriX, Wedge=0.993Wx poin, show that
proximity to the separatrix is also beneficial, increasing the marginal n=1 and 2 wall radii by
34% and 11%, respectively.

Discussion

Equilibria with high pressure-driven current fractions have been demonstrated for the ST.
These require second stable access for ballooning modes and a wall for stability to low-n
modes, whose radius depends on plasma triangularity and proximity of the separatrix (both of
which are stabilising).

Further investigations are in progress to systematically understand the effects of triangularity
on low-n stability. Also the effect of the separatrix on stability at ~100% pressure driven
current fraction is being studied.
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