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Behavior of the Three Phase Rotating Arc and the Plasma Jet
under the Action of the Gas Flow

Setsuo Saeki, Katashi Osakr and Reiko YAMANAKA

Abstract

Dynamic behavior of the three phase rotating arc which was ignited between three radial electrodes in
the nozzle cross section and the plasma jet was studied by the high speed photography.

Using the taper type nozzle (AN52-nozzle) having the taper in the constrictor entrance region and the
no-taper type nozzle (AN50-nozzle), experiments were made at the arc current 20~73 A, the total gas flow
rate 10~20 //min and the three kinds of gas flow pattern which were the cross flow pattern, vortex flow pat-
tern and mixed flow pattern mixed the cross flow with vortex flow.

The arc igniting condition and its rotating aspect were different in the nozzle configuration and the gas
flow pattern. In the cross gas flow pattern, when the arc current was small, the arc was straightly main-
tained between the electrodes, but increasing the arc current, it was bended toward the nozzle center axis.
On the other hand, in the vortex and the mixed flow pattern, the arc was became hair-pin configuration
near the electrode situated the downstream and it was always maintained ncar the nozzle center axis irrespec-
tive of the arc operating parameter (arc current, gas flow rate). The distance (r) between the arc and the
nozzle center axis in the nozzle cross section was 1.05~1.75 mm for the cross flow pattern but r of AN52-
nozzle and AN50-nozzle was 0.4~1.2 mm, 0.6~1.6 mm respectively for the mixed gas flow pattern.

The plasma jet, which was generated by providing the mixed gas flow pattern of which mixed ratio Q
(cross gas flow rate)/Q (cross gas flow rate+vortex gas flow rate) was 0.5 to AN52-nozzle, had so small fluc-

tuation range in the radial and the axial direction that it was stable and its length was longest.
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Fig. 13 Photographs of the three phase AC plasma
jet.

Nozzle number: AN52,

min, Stheath gas flow rate: 67/min, C.: Cross

flow, M.: Mixed flow (Mixed ratio: 0.5), V.:

Vortex flow.

Center gas flow rate: 14//
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Fig. 14 Jet length vs. arc current.

M.: Mixed flow (Mixed ratio: 0.5),
V.: Vortex flow, @.: Center gas flow rate ({/min),
ANS52, AN50: Nozzle number,

6 //min.

C.: Cross flow,

Stheath gas flow rate:
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Note; Nozzle: AN52, Mixed gas flow rate: 14

min (Mixed ratio: 0.5), [I,: Arc current (4),
Stheath gas flow rate 6 [/min,
8,000 P.P.S..

Framing rate:
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Fig. 15 (a) Frames from high speed movies of the
three phase AC plasma jet, (b) Classification of BHT — 7 O & EBRBH S gk b, M
fluctuation range. BT — 7 D MRS BEPED R St 2 SIS
Table 1 Fluctuation of the three phase AC plasma jet.
| Jet mean | Fluctuation
Nozzle Gas flow | Center gas Are Jet mean ’ diameter of | Axial Radial
flow rate Current Length . |
number pattern } | basis | range range
({/min) (A) ’ (mm) ‘ (mm) ‘ (mm) (mm)
: 14 41 11.63 4.14 10.30 2.03
' Gross flow 73 1345 | 3.78 8.37 2.00
47T 921 409 2.11 0.96
ANSZ | Vortex flow 14 41 11.42 4.13 7.25 2.29
70 12.44 4.04 7.18 | 212
Mixed flow 14 41 11.78 4.17 6.93 2.15
(M=0.5) | 72 ‘i 13.99 3.85 6.71 2.11
ANSO m’:%gg’w 4, 6 12.91 4.17 817 267
Note; M: Mixed ratio, Stheath gas flow rate: 6 [/min.
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