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Analysis of the Pulsed Heating Mechanism to the Plasma Stream

Setsuo SAEKI, Katashi OsAKI and Hiroshi TAKAHASHI

Abstract

The hybrid plasma apparatus, which heats the plasma jet by the pulsed magnetic field, can’t
only increase the power of the plasma jet but also control the configuration and temperature dis-
tribution of it. The object of this study is theoretical and experimental investigation of the pulsed

heating mechanism to the plasma jet.

Based on the idealizd hybrid plasma model, theoretical temperature and power input distribution
of the hybrid plasma were obtained by numerically solving a set of equation which included

Maxwell’s field equation, Ohm’s law and Elenbaas-Heller’s equation,

In experiment, using the 3 turns induction coil, the damped pulsed magnetic field was applied
to the plasma jet which was generated at arc current 100A, argon gas flow rate 41/min.. The
frequency of the damped pulsed magnetic field was 65.7kHz, 375kHz and the strength of it was
1,986~3,362G. The light intensity from hybrid plasma was measured by a photomultiplier.

Theoretical temperature distribution of the hybrid plasma had off-axis peak characteristics and

power input of it attained peak value in outer region of the plasma by skin effect.

In case of the strength and frequency of the damped pulsed magnetic field being 3,362G and
65.7kHz respectively at 2mm from nozzle exit, the increment of the light intensity attained maximum
value at 0.25mm in radius and it deserved about 11% of light intensity of the base plasma at the

same position,
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Fig. 1 Idealized hybrid plasma model.
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Fig.2 Circuit of pulsed magnetic field generator,

V.R., : Voltage regulator, C : Capacitor,
N.T. : Neon transformer, S.W. : Switch,
R ¢ Charging resistance, G : Starting gap,

S : Silicon rectifier, I.C. : Induction coil

Fig, 3 Wave forms of Rogowski coil and
magnetic probe output,
Sweep velocity : 2 usec/div,
Upper trace : Rogowski coil output ;
1,300A /div,
Lower trace : Magnetic probe output ;
1.900G/div
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Fig. 4 Arc voltage vs, arc current,

Argon gas flow rate : 4 //min

Fig. 5137 il el 1h5
T BT T2 =2 oo b WM O KRS K
DR DIIZ T, 2545, 2 o v FRERIIE 7
— 7400 100A TH B, 1z, TLLERIL T ERES A
LT 2R by 4w ORI & OB X

DML T2, OThH %, WIS 5 1 oh T
WD U, Bl TRIAD12,000K 2 55T b3, Bl D B 1%
JIIC 0. 6mmifidL 724 T 5910, 000K ¢ [ (R N N
—JT RS L TIK D 35,47 femB g s, )
f£0.6mm X h NFTCi i |- o3 BR D1 /581 Rz fIs
T 5.

2mm i

WIS RF TR e &



4 (248 N TN 7Y
o: Temperature

_ & e : Conductivity 1so
x -~~~
T 5
] ~
- -w >
§ :
£ =
£ 10} 30 %
8 8
o ® -
S st N §
& o 3
1™ &
]

0 | 1 1 1

0 Q2 04 06 08 1.00
Radius (mm)

Fig. 5 Radial distribution of spectroscopic tem-
perature and electrical conductivity of the
plasma jet,

Argon gas flow rate: 4 ¢{/min,
Arc current : 100A,

Axial distance from nozzle exit: 2 mm
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Fig. 6 Experimental circuit,
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Fig. 7 Radial distribution of temperature and
power input,
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Fig. 8 Radial distribution of temperature and
power input,
f : Frequency (MHz), H: Magnetic field
strength of center axis (AT/m)
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Fig, 9 Radial distribution of light intensity of
the plasma jet,
Argon gas flow rate: 4 //min,
Arc current : 100A,
1: Axial distance from nozzle exit (mm)
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Fig. 10 Wave forms of Rogowski coil output

and light intensity of hybrid plasma.

Sweep velocity ¢ 20#sec/div,

Upper trace : Rogowski coil output ;
1,300A/div,

Lower trace : Light intensity of hybrid

plasma ; 80mV/div.
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Fig. 11 Radial distribution of increment of light
intensity of the hybrid plasma.
Argon gas flow rate: 4 {/min,
Arc current : 100A,

Axial distance from nozzl exit:
Frequency : 375KHz,
Bm : Maximum magnetic flux density (G)
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Fig. 12 Radial distribution of increment of light

intensity of the hybrid plasma.

Argon gas flow rate: 4 {/min,

Arc current ¢ 100A,

1: Axial distance from nozzle exit (mm),
Frequency : 65,7KHz,

Bm : Maximum magnetic flux density (G)
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