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The spherical torus is a very small aspect ratio (A < 2) confinement

concept obtained by retaining only the indispensable components, such as the

toroidal field coils, inboard to the plasma torus. MHD equilibrium

calculations [1] show that spherical torus plasmas with an edge safety factor

q_ > 2 are characterized by high toroidal beta (0. > 0.2), low poloidal beta
<* t

(B < 0.3), naturally la"ge elongation (K = b/a > 2), (see Fig. 1) large

plasma current with I /(aBto) up to and higher than 7 MA/mT, strong

paramagnetism (Bt/Bto > 1.5), and strong magnetic helical pitch (6 comparable

to F) (see Fig. 2). These features combine to engender the spherical torus

plasma In a unique physics regime which permits compact fusion at low field

and modest cost.

Detailed MHD stability calculations [2] of ballooning and n < 3 ideal

modes show that the dependence of the critical beta on A is at least as strong

as suggested by the Troyon formula, g = 0.035 Ip(MA)/a(m)Bto(T) (see

Fig. 3). With preliminary optimization, equilibria with stable average

toroidal beta as high as 0.41 have been identified with K = 2.35, 6 = 0.5, and

A = 1.5. Based on multiple helicity, nonlinear tearing mode calculations, it

is shown that the tearing mode instability and its saturated island width are

strongly reduced in spherical torus, so is the magnetic island overlap (see

Fig. I). Since the plasma inductance is reduced by about an order of

magnitude in spherical torus from a conventional tokamak, the impact of plasma

disruption is expected to be somewhat weaker in the former.

Preliminary design assessments [j] of an advanced fusion reactor concept

based on spherical torus are carried out. The concept (see Fig. 5) includes

resistive demountable toroidal field coils, poloidal divertor for impurity

control, oscillating-field current maintenance (Hogan, same workshop), RF
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initiation and ramp-up of the plasma current, and a flowing liquid-metal

breeding blanket. With K = 3, an average toroidal beta of 0.29, and a net

electric power of 1000 MWs, an advanced spherical torus reactor is estimated

to have R = 2.7 m, A = 1.8, B t 0 = 2.7 T, I = 46 MA, a current maintenance

power of 30 MW via oscillating fields, a reoirculating power fraction of 0.25,

and a fusion power core weighing 6500 tonnes. The corresponding mass power

density is estimated to be above 150 k'i.e/tonne with a cost of electricity

about 38 mills/kWeh in 1980 dollars (see Fig. 6). These results compare

favorably with the STARFIRE reactor concept, which has 1/3 the mass power

density and a similar cost of electricity under the same basis.

The required confinement time is estimated to be 1/3 that predicted by

Kaye-Goldston scaling in this concept. An ignition-level, low fluence

spherical torus engineering test reactor is thus expected to have R < 2 m and

a fusion power up to a few times 10 MW [4].
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Fig. 1. Naturally elongated and strongly elongated plasma cross sections at
A - 1.5 (a and b, respectively).
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Fig. 2. The plasma pinch parameter, F = <Bt>s/<Bt>v, as a function of plasma

helicity, 8 = <Bp>s/<Bt>v, for spherical tori with A = 1 .5, Ip = 10 MA, and

R = 1.5 m, spanning spherical tokamak with qa > 1, spherical pinch with 0 < q

< 1, spheromak with qa = 0, and spherical RFP with qa < 0.
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Fig. 3. Comparison of calculated beta limit and Troyon scaling vs inverse
aspect ratio (beta referenced to vacuum magnetic field).

Fig. 4. Dependence of magnetic island overlap on aspect ratio based on 2/1
3/2 nonlinear tearing mode interaction model for tokamak major disruptions.
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Fig. 5. Advanced Tokamak Reactor based on Spherical Torus (ATR/ST) Concept,
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Fig. 6. Dependence of minimized COE on FPC mass power density for the
compact RFP reactor, CRFPR, and an advanced tokamak reactor based on the
spherical torus.
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