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Anomalous electron transport is still one of the main issues in the physics of plasma heating in magnetic fusion devices. Importance of electron transport studies comes from the fact that fusion alphas will transfer significant portion of their energy to electrons. Additional rationale to study the problem appears in view of recently growing attention to small aspect ratio tokamaks, in which the role of electron transport is essentially important. 

Besides fundamental interest the motivation of the study of toroidal field effect on plasma parameters and specifically on electron transport is the intention to increase the efficiency of Neutral Beam Injection heating (NBI). The increase in the efficiency is expected, firstly because of improved conditions of fast particles capture and, secondly due to possible enhancement of power portion transferred to ion component with increasing Bt. The former of above mentioned factors is connected with the decrease of ion orbit losses. The latter one appears due to effect of electron temperature Te on power transferred from fast ions to bulk ions Pb-i. This power strongly increases with Eb/Ec lowering (here, Eb/Ec – ratio of the beam energy to critical energy, at which powers going to electrons and ions are equal). Since Ec is proportional to electron temperature, the increases in the Pb-i and heating efficiency could be expected provided that Te increases in the increased Bt. 

Paper reports results of the recent experiments on the TUMAN-3M tokamak at Bt increased from 0.68 to 1 T.0. In the experiments the effect of Bt and plasma current Ip on confinement and heating efficiency was studied in ohmic and NBI heated regimes. In the ohmic regime the electron temperature was observed to rise from 400-500 to 550-600 eV with toroidal filed increasing from 0.68 to 1.0 T. Increase in the current from 140 kA to 170 kA resulted in the further growth of Te up to 650-750 eV. 

The enhancement in the ohmic parameters had improved noticeably the initial conditions for the NBI fast particles capture and their subsequent thermalization. Flux of 2.45 MeV D-D neutrons was found to rise by a factor of 2.5 in the increased Bt conditions, thus indicating improvement in the capture and confinement of fast ions. Lesser plasma dilution and absence of ion temperature rise saturation was found as a result of 2-3 fold decrease in the amount of fast ion losses. Thus, the strong positive influence of increased Bt on plasma heating in the TUMAN-3M experiments was concluded. 

The above results indicate substantial influence of toroidal magnetic field on plasma heating in tokamaks with moderate and low Bt. The conclusion should be taken into account in the designing of small aspect ratio devices, in which toroidal filed is usually small due to technical limitations.
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