40th international conference on plasma physics and CF, February  11 – 15, 2013, Zvenigorod.


Physical BASIS FOR AN OPEN TRAP AS A FUSION REACTOR
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Considering recent progress in developing a new type of open trap for fusion (GDMT, [1]) the question of what kind of reactor can be built on such basis becomes important. In particular, one should estimate whether it is possible to reach ignition in it and contain burning plasma, with what fuel cycles it is compatible and under which conditions, estimate its size, power and other characteristics in comparison with tokamak-based reactors of ITER type. Such estimates are needed for determination of direction of development in which the open traps may compete with tokamaks as fusion reactors. Another goal of this presentation is a review of common physical and engineering problems in plasma confinement in different kinds of traps, and of the ways of their solutions in GDMT scheme. 

A trap can be divided in two subsystems, the central active zone and the end-plugs. Optimization shows that the active zone should look like a long mirror trap with quasi-uniform field and a low mirror ratio of order of 1.5. It is due to the fact that the increase of confining magnetic field is much more favorable for burning plasmas than the increase of the mirror ratio, while the maximum magnetic field (in the first mirror) is limited by technical characteristics of superconductors. From below the mirror ratio is limited by the necessity of magnetic confinement of most charged fusion products. As shown by the GDT group, in such conditions it is possible to confine plasmas with high ~0.6, with low transverse losses. The end plugs can be either multi-mirror or electrostatic, and both types can be combined. The confinement of electrons is mostly electrostatic anyway, the hot electrons are confined by the electrostatic “ambipolar” porential, while the cold component at the end-plates is kept within expanders by Yushmanov potential. This method is also tested in GDT. Comparison of efficiency of different confining schemes is presented. The transverse losses in the optimal case correspond to half of the total, it means that they are responsible for determination of plasma radius and the reactor power. Given that beta is high and transport coefficients in a strong quasi-uniform field are very low, the minimum reactor power is an order of magnitude lower than for tokamaks. Conditions for ignition and burning for fuel cycles D-T, D-D and D-He3 will be presented. Boundaries are expressed in terms of parameter combination Bm2kL vs. temperature, where Bm is the maximum magnetic field, k is the plugging coefficient and L is the length of the active zone. Estimates of the size and power of GDMT-type reactor are obtained. 
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