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Influence of Gas Injection Methods on the Electric Arc Instability of a Plasma Torch

CAO Ping-li, ZHENG Yun-zhai, ZHENG Zhen—-huan, LI Qiang

(School of Materials Science and Engineering, Fuzhou University, Fuzhou 350108)

Abstract: A three— dimensional transient local thermodynamic equilibrium (LTE) magneto — hydrodynamic
model of the non—transfer D. C. plasma torch was presented. A numerical modeling method was used to inves-
tigate the influence of gas injection methods on the Ar—H, electric arc instabilities and plasma characteristic
under certain gas flow and electric current. The results show that the streamlines of the plasma present a spi-
ral distribution and the arc has a higher mean voltage and frequencies of voltage signal when operated with
swirl flow. The arc attachment can also be observed with a small circumferential movement. The maximum
plasma temperature inside the torch appears around the cathode tip, and the plasma velocity distribution pres-
ents a trend of first increases and then decreases along the central axis. Compared with straight flow, the arc
operated with swirl flow has a lower average maximum temperature. The plasma temperature and velocity at
the torch exit also experience significant fluctuation with the arc root movement and transition. The plasma
temperature distribution at the torch exit with the two ways is similar, while the arc operated with swirl flow

has a lower average maximum velocity.
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Fig. 1 Computational domain and finite elements mesh
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Fig. 2 Streamline distributions with swirl and straight
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Fig. 6 Distributions of plasma temperature and velocity along the central axis of the torch with swirl flow

Temperature / (10° K)

z/ mm

(a) Temperature

1800
1500
£ 1200
=
5 900
=
s > —v—590 ps
600  #50 —2—560 ps
—e— 530 s
300 —o— 500 s
II 1 1 1 1 1 1
0 4 8 12 16 20 24
z/mm

(b) Axial velocity

7 L I A5 A UL R R Y AR 17 A

Fig. 7 Distributions of plasma temperature and velocity along the central axis of the torch with straight flow
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