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Abstract

Plasma torches operating on the principle of arc discharge are fundamental components in
various industrial thermal plasma processes, including but not limited to applications such as
plasma spraying, metal cutting and welding, thermal plasma chemical vapor deposition (CVD),
metal melting, remelting, waste treatment, and gas production. Despite their apparent simplicity,
the operation of these torches involves intricate interactions among thermal, chemical, electrical,
and fluid dynamics phenomena. Numerical modeling serves as a valuable tool for comprehensively

understanding the underlying physical processes.

This doctoral thesis investigates the complex interplay of thermal, chemical, electrical, and
fluid dynamics phenomena inherent in thermal plasma torches. The research centers on the
development and application of a laminar steady-state 2D axisymmetric model employing a
magneto-hydrodynamic approach for a direct current (DC) thermal plasma torch. The
comprehensive model encompasses the entire torch system, including plasma gas injection, the

inner torch region, and the jet exiting into the ambient environment.

Numerical simulations are conducted with two distinct power inputs derived from
published experimental data, demonstrating excellent agreement between predicted and
experimentally observed temperature profiles at the torch exit. An in-depth analysis of plasma jet
velocity highlights the significant influence of electromagnetic forces, particularly the Lorentz
force, on jet acceleration, especially near the cathode tip. The temperature and velocity profiles
align closely with characteristics indicative of a long laminar plasma jet. An optimal operating

heat transfer coefficient (h) is suggested to ensure low anode erosion rates and acceptable thermal



efficiency, with argon identified as the plasma gas with the highest temperature and longest jet

length.

Building upon this foundational model, this thesis also presents a numerical study that
studies the thermal behavior and performance variations of the torch under diverse cathode tip
conditions representing erosion. Temperature contours and axial line plots reveal impacts on torch
temperature as the cathode tip erodes, with pointed tips experiencing higher peak temperatures due
to increased ohmic heating near the cathode tip. Eroded tips exhibit lower maximum temperatures

as overall temperature decreases with reduced current density.

Further investigations include axial velocity distributions, pressure gradient profiles, and
the effects of Lorentz forces for distinct cathode tips. The study also examines the alterations in
arc-root attachment positions and temperature on the anode wall, influencing anode material
deterioration and overall torch performance. Notably, the research identifies the optimal stage of
cathode erosion for maximizing power and efficiency while balancing anode life, thus contributing

essential insights for enhancing torch performance and longevity in industrial applications.
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