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PLASMA'PmSICS ASPECTS OF ETF/INTOR*

Y-K. M. Peng (ORNL) , P. R. Rutherford (PPPL), J. A. Schmidt (PPPL),

D. R. Cohn (MIT), R. L. Miller (GA)

^n order to achieve their principle technical objectives, the

Engineering Test Facility (ETF) and the International Tokamak Reactor

(INTOR) will require an ignited (or near ignited) plasma, sustained for

pulse lengths of at least 100 sees at a high enough plasma pressure to

2
provide a neutron wall loading of at least 1.3 MW/m . The ignited

plasma will have to be substantially free of impurities.- Our current

understanding of major plasma physics characters are summarized here.

Achievement of ignition depends mainly on the confinement

properties of the plasma. For the parameter range of present-day tok-

amak devices, the overall energy confinement time x is found to obey

approximately an empirical scaling law of the form

TpCs) = 5 X 10"19 n" (cm~3)a(cm)2,

with the dominant losses occurring through anomalous (i.e., nonclas-

sical} cross-field electron thermal transport. Studies have been

carried out of the requirements for reaching ignition in ETF/INTOR, on

the basis of one-dimensional transport codes which model the particle

and energy balance in a tokamak. Adopting a model for thermal transport

based on the empirical scaling law for energy confinement discussed

above, it has been found that ignition should be achieved in a pure DT

plasma of minor radius in the midplane a = 1.2m, vertical elongation

factor K - 1.6, and field strength B = 5.0 T on axis. (The presently

suggested device parameters, namely a = 1.3m and B = 5.5 T, represent
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about 70% better nTc capability at fixed 6.) These computations were

for the case where plasma is heated to ignition by 50 - 75 MW of Deu-

terium neutral beam power at 150 - 200 keV energy injected nearly

perpendicular to the main magnetic field toward the direction parallel

to the plasma current.

Ignition occurs at <S> = 4%, a value that includes contributions to

the pressure from beam ions and alpha particles. The plasma temperature

and <3>-value rise during the burn phase, due to the increase in reaction

rate with increasing temperature - Assuming pj.raboliĉ  density and temper-

ature profiles, and taking B = 5.5 T, a burn-phase value <$> = 5%

(including a contribution of 1.5% from fast alpha particles and thermlized

helium) provides the minimum specified neutron wall loading of 1.3 MW/m .

Theoretical limitations on <B>, arising from pressure-driven MHD "ballooning'

and "kink" instabilities, permit stable equilibria up to about <B> = 5%,

with fully optimized profiles, and certain present-day devices have

already operated slightly into the theoretically-unstable regime.

Neutral-beam injection was selected as the primary heating option

for ETF/INTOR. The injectors required represent a significant step

beyond those that are being developed for the TFTR-generation of devices.

In particular, to achieve a pulse length capability of about 10 sees, it

will probably be necessar/ to develop direct recovery systems (i.e.,

recovering the energy of the unneutralized beam ions), both to achieve

an acceptable overall power efficiency, and to minimize power handling

requirements on the ion beam dump. RF heating will be retained as an

alternative to neutral beam heating in ETF/INTOR, because of its

potential for technological advantages that will become even more

important in a commercial reactor.



Computer calculations of the start-up of ETF/INTOR, calibrated

against present-day experimental results, show that purely-ohmic start-

up can be accomplished at low density (and very low impurity level) with

a peak one-turn voltage around the plasma of only 100 volts, but such a

voltage is about the limit of what can be provided. Thus, there is

considerable incentive for lowering the start-up voltage by auxiliary

electron cyclotron and upper hybrid heating (at about 140 GHz) applied

for the first approximately 100 msec.

The requirement to confine energetic ions (thermal ions, beam ions,

and alpha particles) imposes severe requirements on the degree of

axisymmetry of the toroidal confining field; i.e., on the "field ripple"

that necessarily arises due to the discrete toroidal field coils.

However, it seems that the requirements can be met by a 12-coil toroidal

field system with coils of 8 m horizontal bore and 10 m vertical bore,

provided the injectors are inclined at an angle of at least 15° to the

perpendicular. If the field ripple could be adjusted upward, it would

provide a mechanism for energy loss that increases sharply with in-

creasing temperature. Accordingly, variable field ripple could provide

an attractive technique for "burn control"; i.e., for preventing

"runaway" of the plasma temperature due to the increase in reaction rate

with increasing temperature.

Impurities represent the most serious threat to the achievement of

* ignition and a long burn pulse in ETF/INTOR, since the surface heat load

on the first-wall and/or limiter will be much higher than in present-day

tokamaks. Moreover, if the helium produced by the DT reactions is all

retained in the plasma, the burn in ETF/INTOR will be quenched after

about 30 sees, unless the <g>-value can increase significantly above 6%.



It is the present consensus that some type of magnetic divertor will

probably be needed in the ETF/INTOR.

The bundle divertor, in which the main confining field is diverted

in a single local region of the torus, is attractive from.the point of

view o€ assembly and maintenance. The wain difficulty, in an HTF/INTOR

sized device, is that the requirements for achieving acceptably low

field perturbation (ripple) on axis are in conflict with the requirement

to provide adequate space for shielding the copper divertor coil(s).

However, rapid progress is being made in developing satisfactory designs.

Conventional poloidal divertors maintain the axisymmetry of the plasma

magnetic configuration, and employ an interior poloidal field coil to

divert the field lines into a divertor chamber that passes all around

the major circumference of the torus. However, the interior divertor

coil may be unworkable in the ETF/INTOR reactor environment. On the

other hand, the poloidal divertor design with all poloidal field coils

outside the toroidal field coils seems to be a viable concept, and

calculations indicate that a divertor of this type should be capable of

performing the minimum functions required in ETF/INTOR; namely, to

exhaust helium and to protect the plasma from limiter - generated

impurities.

Progress in the magnetic fusion physics community in the next few

years is expected to increase substantially our ability to characterize

the plasma behavior in the ETF/INTOR.


