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The Study on the Local Compression Effect on the Nozzle Arc

Setsuo SAEKI, Masateru NIYADA and Katashi OSAKI

Abstract

Using the insulated constrictor nozzle in the plasma jet generator, the arc column is elongated and
the net input power supplied to arc is increased. When the constrictor length of the insulated constrictor
nozzle is lengthened, the elongated arc in it is expanded as approching the anode terminous and the wall
compression effect on the elongated arc is decreased. When the nozzle cross section is decreased, the
wall compression effect is increased, and also the nozzle heat loss is increased.

The local compression effect on the forced elon
tigated in three kinds of nozzle, which are the ri

gated arc in the insulated constrictor nozzle is inves-
ng constrictor nozzle (R-nozzle), the injection constri-

ctor nozzle (P-nozzle) and the magnetic compression nozzle (H-nozzle).

The voltage of R-nozzle 1s higher than that of the insulated constrictor nozzle with the same constri-
ctor length (C-nozzle) by 3.9~8, 6V, and net arc input power of R-nozzle is 1.2 times that of C-noz-
zle. The voltage of the insulated constrictor nozzle (C’-nozzle) whose constrictor length is lengthened
by 6mm 1s equal to R-nozzle, but the increase of the nozzle heat loss of R-nozzle is under 60% of that

of C’-nozzle.

When the ratio of the injection gas flow rate to the base gas flow rate is over 1.0 at total gas flow
rate 20 //min and 0.7 at 30 {/min, the voltage of P-nozzle is higher than that of C-nozzle.

For H-nozzle, when the axial magnetic field 420 G is applied to the forced elongated are, the electric
field strength of the arc column increases by 20%. With increasing in the arc current or the gas flow

rate, the magnetic compression effect becomes notable
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Fig. 1 Schematic view of nozzle cross section
(A) Ring constrictor nozzle cross section
(B) Injection constrictor nozzle cross section
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Fig. 2 Wave forms of magnetic probe and Rogo-
wski cecil output
Sweep velocity: 200us/div
A trace: Magnetic probe output; 0.02V/div
B trace: Rogowski coil output; 0.1V/div
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Fig. 3 Forced constricted type plasma jet generator
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Fig. 4 Voltage-current characteristics for various

nozzles
Q : Gas flow rate ({/min)
C-6 : Insulated constrictor nozzle
R-1, R-2, R-3 : Ring constrictor nozzle
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Fig. 6 Arc voltage-injection gas flow rate charac-

teristics for P-2 nozzle
1, : Arc current(A), Gas flow rate : 20//min
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Fig. 5 Voltage-current characteristics for various
nozzle
Q : Gas flow rate (I/min)
Qp : Base gas flow rate ({/min)
@ : Injected gas flow rate (I/min)
C-6 : Insulated constrictor nozzle
P-1, P-2, P-4 : Injection constrictor nozzle
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Fig. 7 Arc mode for H nozzle
B,, : Magnetic flux density(G), @ : Gas flow rate (/min), I, : Arc current (A)
Sweep velocity : 500us/div
A trace : Arc voltage;(a)~(d) 10V/div, (e) 5V /div
B trace : Arc current; (a)~(c) 15A/div, (d) 22.7A/div, (&) 14.1A/div
C trace : Arc column Light intensity; (a)~(c), (e) 0.005V/div (d) 0.01V/div
D trace : Rogowski coil out put; (ad~(ed 0.1V /div
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Fig. 9 Thermal efficiency-current characteristics
for various nozzles
Q : Gas flow rate (!/min)
C-6 : Insulated constrictor nozzle
R-1 : Ring constrictor nozzle
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Fig. 10 Arc mode for various nozzles
Q : Gas flow rate (//min), Qp: Base gas flow rate ({/min)
Q; : Injected gas flow rate (!/min) , I, Arc current (A)
(a)~(c) : C-6 ; Insulated constrictor nozzle
(d~() : R-2 ; Ring constrictor nozzle
(g)~(i) : P-2 ; Injection constrictor nozzle
Sweep velocity : 500us/div
A trace : Arc voltage; (a),(f)~(i)20V/div, (b) 5V/div, (c)~(e) 10V /div
B trace : Arc current; (a), (g) 8.8A/div, (b) 17.8A/div, () 19. 2A/div, () 9.1A/div
() 18.9A/div, (g) 8.8A/div, (h) 17.9A/div, (i) 18. 5A/div
C trace : Jet Light intensity: (a),(b),(),(h),( ) 0.02V/div, (c) 0.05V/div
(d), (e 0.01V/div, (g) 0.005V/div
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Fig. 11 Maximum oscillation voltage for various
nozzles
Q : Gas flow rate (I/min)
g - Base gas flow rate //min)
@, : Injected gas flow rate ({/min)
C-6 : Insulated constrictor nozzle
R-2 : Ring constrictor nozzle
P-2 : Injection constrictor nozzle
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Fig.13 Plasma jet for various nozzles
Arc current : 100A
Q : Gas flow rate ({/min)
Q5 : Base gas flow rate ({/min)
Q, : Injected gas flow rate (I/min)
C-6 : Insulated constrictor nozzle
R-2 : Ring constrictor nozzle
P-4 : Injection constrictor nozzle
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Fig.12 Maximum oscillation frequency for various

nozzles
Q@ : Gas flow rate (//min)
Qg : Base gas flow rate (//min)
Q; : Injected gas flow rate (//min)
C-6 : Insulated constrictor nozzle
R-1 : Ring constrictor nozzle
P-2 : Injection constrictor nozzle
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Table 1 The decrement of the arc column diameter

8D 77

Gas flow rate | Magnetic flux Diameter at non-| o ony of | Diameter at non- Decrement of
({/min) density (G) magrgt(x;ﬂ)eld D(mm) magDn:(t;; nil)&ld D, (mm)
240 2. 56 0.02 2.97 0.08
20 350 2.56 0.08 2.97 0.18
420 2.56 0.10 2.97 0.20
40 420 | 2.15 0.26 | 2.67 0.22

Arc current : 120A
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