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Fig. 1. Plasma torch system: (a) Geometric structure; (b) computational domain and grid.
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Table 1.  Dimensions of the plasma system sketched
in Fig. 1.
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Fig. 2. Diagram of radio frequency power supply circuit.
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Fig. 3. Distribution of magnetic vector potential A,: (a) Real part; (b) imaginary part.
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Fig. 4. Distribution of magnetic vector potential A,:
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Fig. 5. Distribution of magnetic vector potential A,: (a) Real part; (b) imaginary part.
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Fig. 6. Distribution of magnetic flux density on YZ plane: (a) Real part; (b) imaginary part.
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Fig. 7. Electric field distribution on the XY plane, z =
180 mm.
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Fig. 8. Temperature field distribution: (a) YZ plane; (b) XZ plane; (¢) XY plane, z = 180 mm.
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Fig. 9. (a) Joule heat distribution; (b) Joule heat distribution on the XY plane, z = 180 mm; (c) enthalpy distribution.
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Fig. 10. (a) Electrical conductivity distribution; (b) thermal conductivity distribution; (c) viscosity distribution.
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B 11 (a) #EY V,; (b) Wi, () —4Ehm Y
Fig. 11. (a) Velocity field V,; (b) flow field; (c) two dimensional flow field.
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Fig. 12. Magnified view of radio frequency thermal plasma
flow field.
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Fig. 13. Lorentz force distribution(F,).
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Abstract

Radio frequency (RF) thermal plasma involves abundant and complex physics. The understanding of the
physical field distributions of the RF thermal plasma is helpful to its applications in industrial field. In this
paper, an electro-thermal-magnetic-flow strong coupling mathematical and physical model of three-dimensional
RF thermal plasma is established, the actual solenoid structure of the induction coil is considered, and a C++
code is developed for calculating the complex electromagnetic field in a customized version of the computational
fluid dynamics commercial code FLUENT. The physical fields of RF thermal plasma, such as temperature field,
flow field and electromagnetic field are studied. The electrical conductivity, thermal conductivity and viscosity
distribution of the plasma are investigated. The results show that the physical field distribution of RF thermal
plasma has an important non-axisymmetric three-dimensional effect due to the actual shape of the non-
axisymmetric induction coil structure. The plasma discharge presents an annular distribution with a certain
deflection angle. The distribution of plasma flow field shows a non-axisymmetric electromagnetic pump effect
which is different from that of the two-dimensional model. The results have great guiding significance for

optimizing and controlling the RF thermal plasma in various application areas.
p g g p

Keywords: temperature fields, flow fields, electromagnetic fields, radio frequency thermal plasma, three-
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