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Study on the Poly-Phase AC Arc Heater

Setsuo Saeki, Katashi Osaki, Osamu FukuMasa,
H:iroshi Yamashita and Satoshi Sakivama

Abstract

This report discribed the electrical characteristics, dynamic behavior of the arc in the nozzle cross section
and the plasma jet of the AC arc heater which used six phase AC power source.

This arc heater had six radial electrodes in the constricter section of a nozzle and constricted and stabilized
the arc which ignited between electrodes with argon gas flow.

Experiments were made at the arc maintained current 30~80 A, the total gas flow rate (Q) 20~ 30 //min,
the ratio (D) of the center gas flow rate to total gas flow rate 0~0.5 and electrode gap 7 mm.

Always eight arcs (two opposite arcs, four delta arcs and two adjacent arcs) existed in the nozzle cross sec-
tion and each arc ignited according to the phase rotation of the six phase AC power source.

The duration time of the opposite arc, delta arc and adjacent arc were respectively 1/180 sec, 1/180 sec

and 1/360 sec at each half cycle (1/120 sec).

The arc in the nozzle cross section was most effectively constricted toward the nozzle axis at D==0.3~0.4

when the arc maintained current was large.

The arc voltage-arc maintained current characteristics were drooping characteristics.
The thermal efficiency of this AC arc heater was 60~70%; and the highest at D=0.3~0.4.
The mean temperature of the plasma jet was 3,600~9,600 K and the longest length of the plasma jet was

19.3 mm.
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Fig. 1 Sectional view of the poly-phase AC arc heater.
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Fig. 3 Oscillograms of the arc behavior in the
poly-phase AC operation.

Vux, Vvy, Vwz, Vuv, Vvw, Vwu, Vuz, Vxy,
Vyz, Vzx: Arc voltage, lu: Arc maintained
current, Iphoto: Lizght iatzasity, Sw:z
velocity: 5 msec/diV, Arc maintained cur-
rent: 48A, Ratio of center gas flow rate to
total gas flow rate: 0.3, Total gas flow rate:
20 //min.
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Fig. 4 Frames from high speed movies of the poly-
phase AC arc in nozzle cross section.
Arc maintained current: 80 A, Ratio of
center gas flow rate to total gas flow rate: 0.2,
Total gas flow rate: 20 //min.
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Fig. 5 Diagram of the current direction.
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Fig. 6 Photographs of the poly-phase AC arc in
nozzle cross section.

D: Ratio of center gas flow rate to total gas
flow rate, Arc maintained current: 80 A,
Total gas flow rate: 20 //min.
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Fig. 7 Arc voltage vs. arc maintained current.

D: Ratio of center gas flow rate to total gas
flow rate, Total gas flow rate: 20 //min.

T =7 BLERNT -7, FArT =0, BT —
7DIRITET L, ZREFNO®IEMIE 2:1.7:1 O #4
LD, CORFREBHIETET -7 DBMF v v Sl
DENERETHE. £, 7—78IEE D offiic
E-TENLED, D=0.2 & D=0.3 07— 7 &ILD
AT K 0.6V TH D5, D=0.3 L I-TRZDME
B 3.5V I#T 5. Thidty g H Ao
LT = 2DIRD T — 7 OBHIRBICHS L ¥ 5 %
AP EL B D EELSNS. )i, Q% 30/
/min [T % &7 — 781K BT A 8 L7
TE LI LN, BIERTRIIEER S6ALLLTIE Q
=201/min OPFHKLIFEFHFETHBEDIKH L, S6A L,

’

(165) 165

TTid Q=201/min YLD 215415 5.

3.3 TRIERET

BAHRERE, 7 X Eics T 5 Bi%kIE Fig. 8
KRS X DICT — 7 M5B ORI & & b2 T i
MIT E59 5. SRS AEIERE 32A 005 80A
ICHIT & 250W 205 420W it k9 % 0%, D B8 bk
MBIIIT L2 BB TH D, D=0.2~0.5 D
BEOEBMIZ 25~65W LINTHB. —F, =
MR BRI S 440~980W DRiBHiIcH Y, BHLU D
WEBHENKTHD., J ANVEBBILET— 705
DBILFIC K - THE U B2, 77— 2785 Zadihim
WHERZEINSE D=0.3 OHABENELD,
J RN U, T — 2 DRI ICIEAS B
D=0.5 OEERbKEND. 4R D 280.4Hh 5
0.51CEAL Uit 7 R BR AT B LR L,
ZOMMIFIZH 1TOW LI 5T D,

T = IR ASHDEAATI D OB IBBA A L
FROTRO SN L R T ~ 27 AJJiE Fig. 8 ittt &
1T 1,000~3,000W DfEMIcH D, BHRORMNE
EHICH KT S, FRIERT -2 ANET — 7 EBEHN
<, 2 RANMBEBKLO/PNZ N D=0.4 DL K
K&ls s,

Net arc input, *10°
-13.0
0:D=0.2
= :D=0,3
4:D=0.4
o :D=0.5
x10°
1.2 =12.0
Nozzle 10ss Zz
o
1.0 F a
=
— [=]
= 5
2 0.8f g
5
8
0.6
0.4
0.2 ] ] I 1 ] 1 0
25 30 40 S0 60 70 80 90

Arc malntained current (A)
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D: Ratio of center gas flow rate to total gas
flow rate, Total gas flow rate: 20 //min.
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gas flow rate: 20 //min. Fig. 11 Classification of fluctuation range.

Table | Fluctuation of plasma jet

Arc maintained Jet mean Jet mean Fluctuation (mm)
Power source D current length diameter
(A) (mm) (mm) Axial range Radial range

02 32 12.6 4.1 7.1 2.2

02 80 3 13.7 3.9 66 23
Six phase - . ;

0.5 32 12.7 4.1 3 7.0 2.2

0.5 80 15.7 4.0 | 6.1 2.3
Three phase 0.7 40 1.6 4.1 103 20

[Note] D: Ratio of center gas flow rate to total gas flow rate, Total gas flow: 20 //min
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