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Recent experiments on the Alcator-C', D-INIZ, TFTR>*Y, and ASDEX®
tokamaks have demonstrated the importance of the plasma fueling
mechanism on the performance of tokamak plasmas operating in the
density regime of Sx10'3-1x10'° ¢cm™3 and with plasma heating 1n the
2-8 MW range. Although the mechanism of edge fueling as embodied by
gas injection and recycief' has been generally understood for many years,
its limitations have only recently been recognized. Pellet fuelingﬁv?
presents an alternative to the broad plasma density profiles that result
from edge heating in that the centrally peaked fuel deposition profiles
lead naturally to more peaked density profiles, higher central densities,
increased particle coenfinement times and reduced mantle densities and
recgcllngz. In many cases, the altered density profiles resuit in an

increase in plasma stored energy and a concomitant increase in the gross

energy confinement time, <.

These characteristics of pellet fueling are illustrated in Fig. ! where
we compare plasma density and temperature profiles and the resulting
plasma energies for gas fueled (G) and pellet fugled (P) TFTR ohmic

discharges". Plasma energy increases continuously during the density
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buliuup (;hase and reaches 8 peak value of 0.9 MJ at 0.2 s after the
pellet fueling pulse (S pellets of 2.7 mm diameter injected at 1300
m/s). The density profile is centrally peaked owing to the fact that the
third and subsequent pellets penetrate to the magnetic axis. In contrast,
the gas profile is broad as a consequence of the absence of central
particle sources; and, the magnitude of the density is substantially
lower. The P discharge exiiibits a 70% improvement in energy

confinement time.

The scaling of confinement time with plasma density for G and P

type TFTR ohmic discharges is shown in Fig. 2. While the strong
saturation of tp with density for G type discharges is typical of

tokamak confinement results in the L-regimea, pellet fueled discharges
exhibit superior confinement properties (H-mode levels) at densities that
are well into the region where the neoclassical ion heat conduction
losses are predicted to contribute significantly to the power balance. A
similar trend was observed on Alcator-C by Greenwald' who concluded
that the improved confinement was due to a reduction in the ion thermal
conductivity anomaly. It has been proposed that the steep density
gradients that are produced during pellet injection prevent the onset of
ion-temperature-gradient driven turbulence that might be responsible for

the degradation in confinement observed in gas fueling experiments.

The genera] improvement in energy confinement resulting from pellet



Injection in ohmic discharges 1s not univercally observed in auxiliery
heated plasmas. Although an enhanced confinement regime was observed
in limiter discharges on D-1II at up to 2.4 MW of neutral injection, at
higher beam power, the confinement was found to degrade to levels
comparable to gas fueled piasmasz. As pointed out by Sengokuz. the
confinement degradation could be due in part to a broadening of the
plasma density profile that results from reducer penetration at higher
temperature. On TFT R3'4. no significant improvement was observed at
up to 7 Mw of beam power. However these experiments were
characterized by unfavorable plasma heating profiles resulting from poor
beam penetration at the elevated densities associated with pellet

injection.
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FIGURE CAPTIONS:

_Fig. 1. "Comparison of plasma stored energy and electron density and
temperature profiles for pellet injection and gas fueling cases on TFTR.
Fig. 2. Scaling of energy confinement time with line average density for
pellet and gas fueled ohmic TFTR discharges and comparison with

Goldston scalinga.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not neccessarily state or reflect those of the
United States Government or any agency thereof.



