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Physical justification and engineering problems of low-radioactivity magnetic fusion reactors

A.Yu. Chirkov

Bauman Moscow State Technical University, Moscow, Russia, e-mail: alexxeich@mail.ru
Helium-3 (3He) is a promising space energy resource. Plans to use 3He require the reasonable concept of a fusion reactor with D–3He mixture. The main advantage of D–3He reaction as compared with D–T reaction is the ability to create low-radioactive reactor with neutron load of about 5% (neutrons emerge through D–D reaction) which is lower then 80% in the D–T reactor. Aneutrionic energy production is possible in the reaction p–11B. The problem of neutron fluxes makes the D–T reactor economically unattractive. It is crucial that for D–3He reactor system is necessary with ( ( 0.5 (( is the ratio of plasma pressure to the pressure of the external magnetic field) [1]. To create a global model of the plasma and study the effectiveness of low-radioactivity systems we investigated key energy balance processes: bremsstrahlung [2], the kinetics of high-energy particles and their role in fusion reactions [3, 4], electromagnetic gradient drift instability [5, 6] and the turbulent transport [7, 8]. The following systems with D–3He fuel were studied: tandem mirror trap [9], spherical tokamak [10, 11], field reversed configuration (FRC) [12]. Main parameters were obtained at the regimes of plasma gain Q ( 10 for these systems. Simulation for a p–11B mixture showed that under ideal conditions in the steady state Q ( 5, but taking into account the presence fusion products in the plasma gives Q ( 1. Schemes with plasma-bunch mode and non-steady-state regimes were also considered. But as shown by analysis these schemes can be effective, if they use of plasma heating systems and energy recovery with efficiency extremely close to 100%.

The most promising version of low-radioactivity reactor apparently is the FRC with D–3He fuel. From a physical point of view main studies will be focused on the improved confinement with a decrease of the diffusion coefficient of 3–5 times in relation to the current prediction. Engineering development will be focused on the problem of the first wall providing the necessary purity of the plasma (such as liquid lithium) at regimes with heat flux of about 3 MW/m2.
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