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1. INTRODUCTION

This is a status report on technical progress relative to the tasks identified for

the fifth year of Grant No. DE-FG02-85-ER52118. The ARIES tokamak reactor study

is a multi-institutional effort to develop several visions of the tokamak (ARIES-I, II

and III) as an attractive fusion reactor with enhanced economic, safety, and

environmental features. The ARIES study is being coordinated by UCLA and

involves a number of institutions, including RP1. The RPI group has been pursuing

the following areas of research in the context of the ARIES--I design effort: 1) MHD

equilibrium and stability analyses; 2) plasma-edge modeling and 3) blanket

materials issues. Progress in these areas is summarized herein.

2. MHD EQUILIB_ AND STABILITY

In collaboration with ANL, RPI investigated plasma characteristics which

optimize the impact of the bootstrap effect for the ARIES--I design. The bootstrap

effect is an inherent plasma mechanism which generates toroidal current. By

optimizing the impact of the bootstrap current, it is possible to reduce the size and

cost of the external current drive system required for steady state operation. This is a

design direction which enhances reactor performance and economics.

In this effort the RPI activity has focused on MHD stability analyses. Using

the PEST code (PPPL), RPI performed extensive parametric studies of MHD stability

at an aspect ratio of 6, varying elongation, triangularity and safety factor. Both

ballooning and kink stability were examined.

It was found that increasing the safety factor while maintaining stability can

provide large bootstrap contributions to the plasma current. At the same time,

plasma current and beta decreased, requiring an increase in toroidal field strength to



maintain constant fusion power. The ANL group showed that the required MHD

equilibria could be numerically reproduced by launching properly tailored rf powe.¢

spectra.

3. PLASMA-EDGE MODELING.

In ce!laboration with UCLA, RPI investigated the performance of a high-

recycling, double-null divertor for the ARIES-I design. In this context UCLA

employed the EPIC code (E. Vold, 1989) and RPI employed the B2 code (B. Braams,

1987). These codes are 2-D computational tools which are used to predict the

performance of the impurity control and particle exhaust system.

Both codes predicted that for a mid-plane separatrix electron density of ~ 1020

m-3 (corresponding to a recycling coefficient of 0.98), the plasma temperature at the

tungsten divertor plate can be kept below - 25 eV which should insure acceptable

performance with regard to erosion by sputtering. In addition, the code predictions

indicated that the peak heat flux would not exceed ~ 4.5 MW/m 2 which would

allow the plate to be cooled by helium (the coolant adopted for the blanket and

shield systems).

In addition to the results cited above, RPI performed sensitivity studies to

examine the robustness of the design to variations in midplane separatrix electron

density and recycling coefficient.

4. BLANKET-MATERIALS ISSUES

The structural material adopted for the ARIES-I design is a SiC fiber/matrix

composite. This material exhibits very low neutron activation while retaining good

strength at elevated temperature. Radiation performar, ce is the key issue assodated

with the viability ef employing SiC composites as structural materials in fusion
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reactors. Given this situation, RPI in collaboration with ORNL initiated a program

to investigate the radiation performance of SiC composites.

The joint ORNL/RPI program involves irradiations employing ion beams,

neutrons and photon beams. Mechanical properties will be studied using ion beams

and neutron irradiations at ORNL." Elec_cal properties will be investigated using

photon beams at RPI. Preliminary results are expected by the fall of 1990.
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