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Structure of plasma near to a surface q=1 in tokamak T-10 at the ohmic heating and developed sawtooth oscillations

I.S. Belbas, A.V. Gorshkov, Ur.V. Gott, T.B. Myalton, V.A. Rantsev-Kartinov, V.V. Sannikov, V.V. Chistyakov

NFI RRC”Kurchatov Institute”, Moscow, Russia, e-mail: rank@nfi.kiae.ru
On the basis of measurements, in tokamak T-10 (in ohmic regimes with well developed sawtooth oscillations), of radial distributions of electronic (Te ()), ionic (Ti ()) temperatures (r = r/a, where a – plasma minor radius) and homogeneous distribution of effective charge (Zeff (() ~1.4), and applying the formula of thermoelectric potential in weakly inhomoheneous Maxwellian plasma [1], the radial distributions are obtained of: a) thermoelectric potential in plasma (( (()); b) a radial macroscopical electric field (Er(()); c) angular velocities of toroidal ((t(()) and poloidal ((p(()) plasma rotation; d) current density (j(()), its values within certain surface (I(()), poloidal magnetic field (Bp(()); e) safety factor (q(()); f) relative density of uncompensated electric charge (ns(()). In paper [2] it was shown that sawtooth oscillations result in ejection of impurity ions outside the surface q(() = 1 and their accumulation near to this surface and an increase of value Zeff that can result in an increase of efficiency of ohmic heating in this region. Really, on experimental distribution of Te close to q(() = 1, the increase of Te is observed (up to 20 %), which is accompanied by an increase (up to 30 %) of j(() in this region and small decrease of I(() and Bp(() there. The analysis of the appropriate distributions shows that this is caused by redistribution of j(() in neighboring region. Thus, q (() grows up (by 10 %) and becomes more flat. It appears that value of thermoelectric factor ((Zeff (()Тe(()/Ti(() is nearly constant and small, that results in low value of electric field. The analysis of the calculated distributions (t(() and (p(() leads to a conclusion that the toroidal layer of plasma 0.6 ( ( ( 0.35, adjoining to magnetic surface q = 1 (( ( 0.35) rotates in toroidal and poloidal directions almost as a solid body, i.e., with a constant angular velocities with regard to plasma column axis. The rotation velocity (t (() of this layer exceeds that of neighboring layers, by ~ 25 % in toroidal and ~50 % in poloidal directions, . The plasma inside q = 1 surface is rotating linearly with minor radius up to values of (t ~ 2 103 c-1, and at ( > 0.35 it rotates with this constant angular velocity, (p(() ~ 1.5 103 с-1, with the value ns(() being ~ 10-6 relative to background plasma electron density. Using the equation of force balance for ion components, the ion density distribution was calculated which with good enough accuracy agrees with experimental results, excluding only 15 % deviation near q = 1 surface, that can serve as a verification of the validity of the used formula.
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