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Abstract 
 

The l=3 stellarator-torsatron “Saturn” installation was the first of a series of torsatron-like 
devices designed, fabricated and built in Kharkov Institute of Physics and Technology (KIPT) 
in seventies: later were “Vint-20”, “U-3”, “U-3M”. Saturn was assigned for providing 
comparative investigations on the same device of properties of magnetic configurations in 
stellarator and torsatron regimes and for experimental examination of their effect on plasma 
confinement. The thorough measurements of magnetic structure in both regimes demonstrated 
their high equivalence. Investigations of torsatron without toroidal coils supported the 
principal possibility to have the spatial divertor configuration which was realized in U-3 – the 
first torsatron with a spatial divertor. The results on Saturn, obtained for the first time with 
pure torsatron configuration, have opened the prospect for torsatrons to be an alternative to 
tokamaks in development of a future fusion reactor. After various regimes of magnetic 
configurations were studied, the investigations were provided of the confinement and RF 
heating of injected hydrogen plasma; the characteristics of ECR plasma (frequency 10GHz) 
were studied depending on parameters of magnetic configuration, i.e., magnetic field strength, 
radius of the last magnetic surface, shear of magnetic filed lines, mean magnetic well, etc.   
For the first time it was shown in experiments on this device: 

1. Due to special precautions and high assembling accuracy, the characteristics of 
magnetic configurations (radii of the last magnetic surfaces, rotational angle, shear values) in 
both regimes (stellarator and torsatron) were found to correspond well to calculations.  

2. The dependence of particle confinement time on collision frequency for the injected 
plasma in both regimes was followed qualitatively to the neoclassical theory however was 
somehow below the absolute value predicted by theory;   

3. Under RF heating of the injected plasma the rise of perpendicular ion energy (up to 1 
keV) most effectively was observed at harmonics (from 2 – 5) of the ion cyclotron frequency.   

4. In conditions of low hybrid resonance the electron current driven by RF was observed;  
5. Plasma confinement time of injected plasma was shown to increase by excitation the 

fluctuating longitudinal electric fields with frequency range overlapping the electron bounce 
frequency range, - due to untrapping some particles trapped in local magnetic traps, what was 
supported by data obtained in experiments with an ECR plasma at the first ultimate l=1 
torsatron “Vint-20” with higher helical inhomogeneity of magnetic field;  

6. Stabilizing effects of magnetic shear, magnetic well and ion mass on drift fluctuations 
of an ECH plasmas were investigated in toroidal geometry;   

7. The loss of ions with energy much exceeding that corresponding to thermal ion velocity 
was observed due to drift across magnetic field when moving in phase with a drift wave; 

8. The poloidal distributions of divertor plasma flows were measured both in stellarator 
and torsatron regimes with different characteristics of the Saturn magnetic configuration.  

In the presentation we are going to find the bridge between those results and the 
nowaday experiments on existing stellarator-type fusion devices and to analyze what 
particular Saturn results were supported by those obtained later.  
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