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A non-transferred plasma torch is a device used to generate a steady thermal plasma jet. These 

electric-driven plasma burners have the potential to be upscaled and used as heat sources in the 

process industry instead of the large-scale fossil fuel burners used today. A non-transferred 

plasma torch comprises the combination of a cathode, anode, and working gas flowing between 

the electrodes in order to generate a plasma jet. To enable the upscaling it is important to 

understand the effects of different electrode shapes and sizes on the plasma jet formation and 

its properties. There are two available cathode shapes: flat cathodes and conical cathodes, and 

the two shapes of anodes are cylindrical and stepped anodes. Therefore, to understand their 

effects computational analysis is performed on 2D axisymmetric geometries. Steady-state 

computational analysis is done using magnetohydrodynamic (MHD) modeling assuming the 

plasma to be fully ionized. The results obtained for the different cases are as follows: 

1. Cathode and anode shape study: The velocity and temperature of the plasma jet are 

analyzed, and the variation of arc formation is studied for all the cases. 

2. Anode diameter: The anode diameter influences the arc formation and to understand its 

effects a case study for different anode diameters is conducted. The results obtained 

explained that the increase in anode diameter reduces the current in the arc. 

3. Flow separation: One interesting observation made is flow separation at the tip of flat 

cathodes. The study explains the advantages or disadvantages of the observed flow 

separation. Further, if the flow separation is a disadvantage, methods to eliminate it are 

explained. 

4. Conclusion: Based on the heat losses and the plasma torch efficiency, the work 

concludes by presenting the best cathode and anode geometries that can be used. 
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