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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any soyalties thereon or therefor, 

This invention relates to  an electric arc device. More 
particularly, this invention relates to means for minimizing 
electrode ablation and increasing the efficiency of such a 
device intended for heating gases or plasmas to  extremely 
high temperatures which may, for example, be from 
10,ooO" K. to 50,000" K. 

Electric arc discharge devices for heating gases afford 
advantages of easy control of energy levels and tempera- 
ture ranges not attainable with other heating means. In 
the past, however, such electric arc gas heating devices 
have had a very high rate of contamination due to the 
ablation of electrode materials. Of course, such ablation 
also leads to a significant amount of down time necessary 
to replace the electrodes which are consumed. 

In related electric arc discharge apparatus, such as elec- 
tric wind generators and nitrogen fixation devices, at- 
tempts have been made t o  reduce electrode ablation by 
applying a magnetic field normal to the current flowing 
in  the arc. This crossed field effect pub a physical force 
on the arc as it would on a conductor aid this causes the 
arc to move with respect to the electrode. In such de- 
vices, however, it has in the past been difficult to achieve 
sufficient relative velocity between the electrode surface 
and an arc of the power level necessary to achieve sig- 
nificantly high temperatures to prevent melting of the elec- 
trode surface. 

In view of these di5culties attempts have been-made 
to use chemical processes and atomic or nuclear processes 
rather than electric arcs for attaining high temperatures 
in gases. Chemical processes, however, are limited in 
temperature to a considerably lower range than the above 
noted 10,000 to 50,000" K. which can be achieved by 
the device described herein. Atomic or nuclear devices, 
on the other hand, can produce temperatures considerably 
in excess of those produced by the present device, but 
are not easily controllable, aye more expensive and dan- 
gerous to operate, and produce high temperatures which 
exist only for very very short1 periods of time. 

It is therefore an object of this invention to provide an 
electric arc device having means to minimize the elec- 
trode ablation thereof and to improve the efficiency 
thereof. 

It is a further object of this invention to piovide such 
a n  electric arc discharge device capable of efficiently 
heating 'gases to relatively high temperatures. 

Jat is yet another object of this invention to  provide 
an electric arc device with means to establish a magnetic 
field having a major component parallel to the electric 
field gradient of the arc to produce a multiple spot diffused 

It is a still further object of this invention to provide 
an electric arc discharge device wherein a multiple spot 
diffused arc is continuously moved in order to reduce 
electrode ablation and improve heating efficiency. 

Briefly, in accordance with one aspect of this invention, 
a device is provided which is capable of heating gases at 
a volumetric rate and to  a temperature suitable for use 
in supplying gas to a supersonic or hypersonic wind tun- 

U C .  

nel. The gases *are heated as they pass through the re- 
gion of an electric arc struck between two or more elec- 
trodes. A magnetic field is generated at each electrode 
by a solenoid coil having an axis parallel to  the direc- 

5 tion of arc discharge from the electrode. The resulting 
magnetic field has a major vector component which is 
parallel to the eIectric field gradient at the electrode sur- 
face and which has been found to produce a diffuse or 
multiple spot arc so that even instantaneously the power 

10 in the arc is more uniformly distributed over a large elec- 
trode area than is the case with the conventional single 
spot arc. Furtherfore, the magnetic field is generated 
in such .a fashion as to produce fringing components which 
are normal to the electric field gradient and therefore 

15 cause the multiple spot diffuse arc to rotate. This ro- 
tation of a diffuse arc fiurther reduces electrode ablation 
and further increases heating efficiency. The electrodes 
are preferably spaced equiangularly in a confined cham- 
ber, there being two electrodes for a D.C. supply and n 

20 electrodes for an n-phase supply. The hot gases which 
are the end product of the device are available at the 
center of the chamber or container which can therefore 
be made as small as practical for the number of phases ' 
to be used so that the losses of the colltainer from the 

25 hot gases are thereby reduced and the efficiency of the 
device even further increased by comparison with known 
devices. 

These and other objects and advantages of the invention 
will be more fully apparent to those skilled in the art 

30 from the following detailed description of exemplary 
embodiments thereof as shown in the drawings wherein: 

FIG.  1 is a schematic circuit diagram of a first em- 
kdiment  of the invention using a D.C. supply; 

FIG. 2 is a central vertical sectional view of a gas heat- 
35 ing chamber of the type schematically shown in FIG. 1; 

FIG. 3 is a plan view, partially in section, taken on 
the line 3-3 af FIG. 2; 

FIGS. 4, 5 and 6 are diagrammatic views illustrating 
the circuit for and the relationships of the currents in 

FIG. 7 is a plan view, partially in  section, showing 
the mechanical details of the practical embodiment of the 
three-phase. device; 

FIG. 8 is a fragmentary sectional view taken on the 
45 line 8-8 of FIG. 7 and particularly illustrating the Row 

of gas to be heated in the device; and 
FIG. 9 is a sectional view taken on the line 9-9 of 

FIG. 7 and showing the radial gas passages in the end of 
the magnetic pole piece mounting the electrode. 

Turning now to the drawing and more particularly to 
FIG. 1 thereof, there is shown a schematic circuit diagram 
of one embodiment of the invention. A generally enclosed I 
chamber IO is schematically indicated by the dash-dot 
line in FIG. 1. Air to be heated is channeled through the 

An opposed spaced pair of electrodes 12 and 13 are 
mounted inside the chamber BO. Electrode 12 is con- 
nected by a conductor B4 to one side of a D.C. generator 
15 whereas the electrode 13 is connected by a conductor 

60 16 to the other side of generator 15. The D.C. generator 
hes a potential difference between the electrodes 

This electric field gradient is indicated in FIG. 
1 by the vector E. In practice, of course, the electric 
field is of sufficient magnitude to maintain an arc discharge 

65 between the electrodes 12 and 13. A thin starting wire S 
is preferably connected between electrodes 12 and 13 to 
aid in igniting and starting the arc discharge. Of course 
the wire S quickly melts in the heat of the arc and is re- 
placed after each run. Alternatively, the discharge may 

In practice it has been typical to use an electric field 
gradient of 50 to 60 volts per inch. This gradient plus 

4o a three,phase embodiment of the invention; 

50 

55 chamber BO as indicated schematically by the arrow 

70 be started in any other convenient manner. 



3,229,155 

the electrode drop in a pr rred embodiment of the in- in a manner such as is illust d schematical]y in FIG. 1, 
vention has resulted in a potential difference of about 250 whereas the electrode legs 19 and 2Q of electrode 13 are 
volts between the electrodes 12 and 13 with approximately similarly connected in parallel to a conductor such as 
3,000 amperes of current flowing in the arc. the conductor 16 shown in FIG. 1 so that the D.C. gen- 

Magnetic fields are established at each electrode as indi- 5 erator 15 may establish a direct current electrical po- 
cated schematically by the arrows H in FIG. l. These tential difference or gradient between the electrodes 12: 
fields, as will be discussed in detail below, can be estab- and 83. 
lished by any convenient means such as an electro- As will be noted from FIGS. 2 and 3, the generally 
magnetic coil having its axis in a direction such that cylindrical chamber 10 comprises two symmetrical mating 
the field generated thereby has the direction indicated by 10 sections 10a and 10b both of which are substantially half 
the arrows H in FIG. 1. From this figure it will be noted cylinders. The electrode 12 is mounted in the end wall 
that the magnetic field is applied to the arc between the of the upper half 10b and the electrode I3 is mounted 
electrodes in such a fashion that the magnetic field has in the end wall of the lower half of IOU. The two por- 
its major component parallel to the electric field of the tions of the chamber 10 may be joined together by any 
arc at the surface of the electrodes. The magnetic field 15 convenient means such as the bolts 26. In the embodi- 
in fact typically has a field strength in the range of 400 ment shown there are eight of these bolts circumferential- 
to 1500 gauss. ly spaced around the wall of the cylinder. The joint 

It has been found experimentally that where a magnetic between the upper and lower halves of the chamber is 
field is applied to an arc discharge in such a fashion conveniently sealed by annular O-ring 27 positioned in a 
that the magnetic field has a major component parallel 20 recess in the lower portion 1Qa of the chamber as shown. 
to the principal component of the electric field vector, A magnetic pole piece 28 is threadedly received in the 
the result is to change the normal single arc discharge upper end wall of portion 1Qb of the chamber while a 
into a discharge of a multiple spot or multiple arc type. similar magnetic pole piece 29 is threadedly received in the 
That is to  say, where the electrodes 12 and 13, for ex- lower end wall of portion 10a of the chamber. 
ample, are ring electrodes, the arc at any given instant will 25 It will be noted that these pole pieces are positioned so 
originate from and terminate on a plurality of separate that their longitudinal axis is in the center of the ring 
discrete spots on each of the electrodes respectively. From electrodes 12 and I3 and is aligned with the longitudinal 
FIG. 1 it will be noted that the magnetic fields H applied axis of the electrode assembly where this latter axis is 
to the opposed electrodes are in bucking or opposed reIa- considered to he parallel to the legs and midway between 
tionship so that near the center of the arc the field lines 30 them. The magnetic pole pieces 28 and 29 may if de- 
become perpendicular to the electric vector E of the arc. sired be permanent magnets. As shown, however, it is 
Of course, the perpendicular relationship will produce a intended that they will carry externally of the chamber 
driving or turning force on the various components of the 10 a conventional electromagnetic winding (shown only 
multiple spot arc. Consequently, in the arrangement in outline) which will generate magnetic fields having a 
schematically shown in FIG. 1 the multiple spot arc will 35 flux distribution pattern such as is shown in the schematic 
be caused to rotate as a whole. diagram of FIG. 1. From this it will be noted that the 

It should be noted that even if the magnetic fields magnetic field has a major component perpendicular to 
applied to the opposed electrodes are in aiding rather the plane of the ring electrodes itself and therefore parallel 
than opposed relationship, there will in practice normally to the electric field gradient a t  the surface of the elec- 
be sufficient fringing of magnetic flux to produce the de- 40 trodes. 
sired rotation of the arc. As noted abovc, the substantia1 parallelism of the elec- 

In FIG. 2 there is shown a central vertical sectional tric and magnetic fields in such an arc discharge arrange- 
view of a gas heating apparatus of the type schematically ment produces a multiple spot or multiple arc discharge 
shown in FIG. 1. The apparatus of FIG. 2 is shown in as indicated in FIG. 2 by the plurality of dashed lines 30. 
further detail on the partially sectioned plan view of 45 Of COUIX it will be understood that the dashed lines 30 
FIG. 3 which is taken on line 3-3 of FIG. 2. From are in a sense merely a schematic arrangement since the 
FIGS. 2 and 3 it will be noted that the tubular ring shaped exact number of separate arc paths will vary as between 
electrodes 12 and 13 are positioned in spaced opposed different specimens of the apparatus and as between dif- 
relationship to each other on the upper and lower walls ferent operating conditions of the Same specimen. In 
respectively of the chamber 10. The electrodes 12 and 13 50 all instances, however, it should be noted that the power 
are of hollow tubular construction to permit cooling supplied to the electrodes is divided between a plurality 
water to flow through the bore of the electrode. Any of separate arcs. Therefore, for a given amount of input 
convenient connection means (not shown) is used to sup- Power which will produce a given temperature increase 
ply water to one leg 17 of the electrode 12. The water in the specified flow of gas through the chamber, the 
then flows through leg 17, thence through the hollow 55 electrode ablation iS materially reduced by virtue of the 
electrode 12 itself, and thence out through the leg 18. distribution of this power among a plurality of arcs. Fur- 

The lower electrode 13 is similarly provided with a thermore, it appears that the diffusion into a plurality of 
water inlet leg 19 and a water outlet leg 20. The legs arcs a h  improves the heat transfer in practical devices. 

20 are mounted in insulating wedges 21, As noted above, the plurality of arcs 30 are also caused to 
ectively which are secured in gas tight 60 rotate by the tangential perpendicular component of the 

e walls of the chamber 20. The in- magnetic field thereby further reducing electrode. ablati 
sulating wedges and the electrode assemblies positioned It will of course be understood that the chamber 
therein are secured in position by a lock nut arrangement is provided with a suitable inlet and outlet means 
such as that shown at 25. which gas may be flowed therethrough. As shown in 

It will be noted that the shape of the insulating wedge 65 FIG. 21 the gas is admitted through a passage 31 in the 
23 prevents the assembly of the electrode 13 from moving Of a viewing Port arrangement which may be pro- 
outwardly with respect to the wall of the lower portion 10a vided so that the operator can observe visually the state 
of chamber 10, whereas the lock nut assembly 25 prevents of the arc. The viewing Port comprises the inscrtable 
the leg 19 from moving inwardly with respect to this PlW 32 which bears a heavy glass window 33 in the end 
wall. Of course, a similar lock nut arrangement is pro- 70 thereof- The channel 31 for the incoming air to 
vided as may be seen in the drawings for each of these be heated may COnvenientlY open into the expanding area 
electrode legs 8’1,118,119 and 20. of the bore of the plug 32 which leads directly into the 

It will further be understood, of course, that the elec- interior of the chamber 10. 
trode legs 17 and 18 are electrically connected in parallel A hot gas outlet passage 34 is provided in the side w 
to any suitable conductor I4 (not shown in FIG. 2)  76 of the lower poltion 10a of the chamber. Passage 
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has an enlarged bore at its outer end which is threaded fields can be in aiding rath than in opposed relation- 
to receive any convenient outlet connection. Of course ship where an even number of electrodes is used. HOW- 
it will be understood that the viewing port is not a neces- ever, in the three-phase or other odd phase number de- 
sary element in the arc heating device and that in differ- vices a t  least some of the magnetic fields are necessarily 
ent embodiments various other arrangements of air flow 5 in opposition. Furthermore, it has been found that the 
may be utilized in accordance with the requirements of opposed magnetic field relationship gives superior results 
a particular application. in any embodiment. 

Gas to be heated is flowed through the arc discharge A practical embodiment of the three-phase circuit il- 
in the chamber 10 at any pressure suitable for a particular lustrated schematically in FIGS. 4, 5 and 6 is shown in 
application. That is to say, the pressure in the chamber 10 FIGS. 7, 8 and 9. In FIG. 7 it can be seen that the tu- 
may be either less than or greater than atmosphere de- bular ring electrodes 35, 36 and 37 are mounted in alter- 
pending upon the nature of the gas and its intended use. nate side walls of the generally hexagonal right cylin- 
The pressure can be controlled by any suitable external drical chamber 38. The chamber 38 comprises the side 
pumping means (not shown). wall member 43 (as seen in FIGS. 7 and 8) and the top 

In FIGS. 4 through 9 there is illustrated a second em- 15 and bottom wall members 44 and 45 respectively, which 
bodiment of the invention utilizing a three-phase alternat- may be secured to the side wall 43 by bolts or any other 
ing current supply rather than a direct current supply and convenient means. Conventional O-ring sealing means 
also utilizing a different type of air flow arrangement. are provided to achieve a leak-proof chamber. The top 
FIGS. 4, 5 and 6 are schematic and diagrammatic show- member 44 of the chamber is provided with a central 
ings of the electrical circuitry and electrical relationships 20 aperture 44 which functions as a heated gas outlet and to 
of the three-phase embodiment. which any convenient conduit connection can be made. 

In FIG. 4 there is schematicaily shown the electrical As in the first embodiment, the electrodes 35, 34 and 
current connection of three electrodes 35,36 and 37 which 37 are preferably tubular electrodes having water flowed 
are equiangularly positioned on the inner side walls of a therethrough for cooling purposes. The legs of these 
right hexagonal cylindrical chamber 38 as may be Seen 25 electrodes are mounted in magnetic pole pieces 47, 
more clearly in FIG. 7. Of course it will be understood and 49 respectively. These pole pieces may be secured 
that the physical positioning of the electrodes can be varied in and insulated from the side wall of the chamber 38 in 
and the chamber could in fact be a right circular cylh- any convenient manner as by the set screw arrangement 
der, a tube, or any other convenient shape. It is however shown in FIG. 7. 
preferred to space any given number of electrodes of a 30 In the device shown in FIGS. 7 and 8, it is preferred 
polyphase system equiangularly in a symmetrical cham- to introduce the air to be heated through a central axial 
ber in order to achieve uniformity of arc discharge and of passage in the pole pieces supporting the electrodes. As 
heating effect. For example, if a six-phase system were shown by way of example, the electrode 37 has a central 
used the electrodes could be positioned with one electrode axial air conduit 50 in the pole piece 49. Air to be heated 
on each surface of a cubical chamber. 35 is introduced into the outer end of the conduit 50 and 

As may be seen in FIG. 4, the electrodes 35, 36 and 37 flows from conduit 50 into radial passages 51 in the inner 
are respectively connected by conductors 39, 40 and 41  end of the pole piece to thereby be discharged around the 
to the Y-connected secondary winding 42 of a three- ring electrode. The radial passages 51 can be. seen most 
phase transformer the primary of which is connected to clearly in FIG. 9. From FIGS. 7 and 9 it will be ob- 
any suitable alternating current supply. 4O served that the hollow tubular legs 52 and 53 which sup- 

The electric field gradient at each of the electrodes 35, ply water to the ring electrode 37 are spaced on opposite 
36 and 37 respectively, is indicated by the arrows El, Ea sides of the central axial air passage 50 in the pole piece 
and EB. The current flowing from these electrodes re- 49. The radial passages 51 extend outwardly from the 
spectively, is indicated in the graph of FIG. 5 which is a central axial air passage 50 and the air passages further 
plot of time as the abscissa versus currents as the ordi- 45 serve to place the cool incoming air in heat exchange re- 
nate. The current flowing from the electrode 35 as indi- lationship with the supporting pole piece to achieve both 
cated by the curve 11, that from electrode 36 by the curve a limited amount of preheating of the air and, more im- 
Ha, and that from electrode 37 by the curve 1s. It will portantly, a further cooling of the electrode structure. 
be noted that the three currents are substantially sine It will be noted that the air is deflected irom the ends of 
waves displaced 120 degrees from each other in time as 60 the passages 51 by a flanged cap 54 which is secured 
is shown more clearly in the vector diagram of FIG. 6. to insulating blocks 59 by pairs of set screws 55 and 56. 
As can be seen from FIG. 4, the electric field gradients The details of the electrode mounting structure for the 
El, Ea and E3 are perpendicular to the plane of the elec- electrode 37 have been discussed by way of example since 
trodes 35, 36 and 37 at and near the surface of the elec- each of the three electrodes is identical in its construc- 
trodes. The electric gradient pattern becomes more 65 tional details. 
complicated near the center of the arc discharge area As can be seen more clearly from FIGS. 7 and 8, air 
since the lines of force are necessarily curved between which is introduced through the central axial passage 5@ 
nonparallel electrodes. However, as noted, the gradient in each of the electrodes initially cools the electrode 
is clearly perpendicular to the plane of the electrode at mounting structure, is then deflected back to the cham- 
and near its surface. BO ber wall and is flowed therefrom inwardly around the 

As is indicated in FIG. 4 by the dashed arrows HI, PI2 electrode toward the cebter of the chamber where it is 
there is also provided for each electrode a means heated by the arc discharge indicated in FIG. 7 by the 

to generate the magnetic field indicated by the vector dash 1ines57. 
patterns H1, Ha and Ha. These magnetic fields have a It will be noted that the multiple spot diffuse arc 54 
major component parallel to the electric field gradients 65 substantially occupies the entire central portion of the 
at  the surface of the electrodes in order to produce the small cylindrical chamber 38. It is into this central por- 
diffuse multiple spot arc discussed above. Again, at a tion that the air is discharged to be heated after leaving 
distance from the surface of the electrode the magnetic the baffles §4 on the electrode mounting blocks. After 
fields turn to produce a component orthogonal to the it has been heated the air flows, as indicated by the ar- 
electric field vector to thereby produce a force on the 70 rows in G. 8, upwardly and out through the central 
electric arc which causes it to move. The magnetic fields opening where it may be fed by any convenient means 
as shown in FIG. 4 are considered to be in opposed or to a wind tunnel or other point of ultimate use. 
bucking relationship in that each magnetic field has the As noted in the connection with the D.C. embodiment, 
same pole pointing inwardly into the arc discharge area the mass rate of gas flow can be adjusted to maintain any 
within the chamber. As noted for the D.C. case, these 75 desired pressure in the chamber. 



It is thus seen there has been provided a device for 
producing gases or plasmas at extremely high temper- 
atures which device is controllable in energy level and 
temperature range by controlling the electrical power in- 
piit to the electrodes. As noted the device may be used 
either with direct current or polyphase alternating cur- 
rent input. In either embodiment an electric arc is struck 
betwzen two or more electrodes and gnses are heated as 
they pass through the region of the arc. The arc is split 
into a plurality of spots on the electrodes from which 
emanates a diffuse plurality of arcs and these diffused 
arcs are caused to rotate on the electrode surface by es- 
tablishing a magnetic field parallel to the electric gradi- 
ent of the arc at the surface of the electrode. This com- 
bined diffusion and rotation materially reduces electrode 
ablation to a level lower than has been obtainable with 
previous arrangements. This in turn prevents contami- 
nation of the gases by electrode materials and leads to 
more sustained and efficient operation. 

It should be noted that in addition to the function of 
the magnetic field in diffusing and moving the arc, addi- 
tional fields may be provided or the described fields may 
also be utilized to gain control or containment and guid- 
ing direction over both the arc and the resutling arc gases 
from the device. Normally such gases are ionized to a 
certain extent and can be controlled in their move- 
ment by the pattern of the magnetic field. As noted, the 
device produces a very diffuse multiple spot electric arc 
in the core of the chamber in which the arcs are struck. 
These spots, since they are multiple and are also being 
moved by the magnetic fields, result in almost no elec- 
trode ablation. Furthermore, the hot gases which are 
the end product of the device are available at the center 
of the device so that the container can be made as 
small as practical considering the number of phases to be 
used in order to reduce the losses of the container and 
to thereby further increase the efficiency in producing 
high temperature gases. 

It will of course be understood that the details of struc- 
ture and magnitude of operating parameters given above 
are merely typical examples and are not critical. Differ- 
ent voltages, currents, field strengths and pressures can be 
used. Furthermore, the embodiments shown are pri- 
marily intended for intermittent rather than continuous 
operation. For continuoris operation the chamber should 
preferably be provided with water jacketing or other 
cooling means to prevent ablation of the inner side walls. 

While particular exemplary embodiments of the in- 
vention have been described in principle and in detail 
above, it will be understood that various modifications 
thereof may be made without departing from the spirit 
of the invention as defined in the following claims. 

What is claimed is: 
I. An ehctric arc device for heating gases comprising: 

an enclosed chamber; a plurality of magnetic pole pieces 
extending into said chamber; a plurality of electrodes 
mounted in said chamber; each of said electrodes com- 
prising a water-cooled tubular ring electrode mounted 
on one of said magnetic pole pieces, the plane of the 
surface of said electrode being perpendicular to the axis 
of said pole piece, said pole piece extending through the 
wall of said chamber and having an axial flow passage 
terminating in radial flow passages to introduce gas to 
be heated into said chamber and to cool said pole piece 
and eloctrode structure; means to apply an electric field 
to generate an electric arc between said ring electrodes; 
and means to establish a magnetic field in each of said 
pole pieces, said magnetic field having components paral- 
lel and transverse to said arc to diffuse and to rotate, re- 
spectively, said arc to minimize electrode ablation. 

2. Apparatus as in claim B wherein there are three 
of said electrodes and said electric field generating means 
is a three-phase power supply. 

3. An electric arc device for heating gases compris- 
ing: a chamber having a longitudinal axis; a plurality of 
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annular electrodes each bei symmetrical about a sepa- 
rate longitudinal axis, said electrodes being disposed 
within said chamber, said longitudinal axes of said 
electrodes defining a plane and all intersecting at said 
longitudinal axis of said chamber, said electrode axes be- 
ing equally spaced about said chamber axis; means con- 
nected to said electrodes to establish arcs between ad- 
jacently disposed electrodes; means for cooling said elec- 
trodes; means in proximity to said electrodes to produce 
a magnetic field at each electrode, said magnetic field at 
each electrode having components parallel and trans- 
verse to the axis of that electrode and a Aux density in- 
dependent of arc current, said fields continuously rotat- 
ing said arcs about said electrodes to minimize electrode 
ablation; and means for enabling gases to pass through 
said chamber near said electrodes. 

. An electric arc device for heating gases comprising: 
a chamber having a longitudinal axis; three water-cooled 
annular electrodes each symmetrical about a separate 
longitudinal axis, said electrodes being mounted within 
said chamber equidistant from said longitudinal axis of 
said chamber, said longitudinal axes of said electrodes 
defining a plane and intersecting said longitudinal axis 
of said chamber at one point; means connected to said 
electrodes to generate arcs between adjacently disposed 
electrodes; means in juxtaposition with said electrodes 
for generating a magnetic field at each electrode, said 
magnetic field at each electrode having components paral- 
lel and transverse to the axis of that electrode and a flux 
density independent of arc current, said fields causing 
said arcs io continuously rotate about said electrodes; 
means for admitting gases to the interior of said cham- 
ber near said electrodes; and means enabling the egress 
of heated gases. 

5. An electric arc device for heating gases comprising: 
a chamber having a longitudinal axis; three annular elec- 
trodes each being symmetrical about a separate longitu- 
dinal axis, said electrodes being mounted within said 
chamber equidistant from said longitudinal axis of said 
chamber, said longitudinal axes of said electrodes inter- 
secting to form a Y,  means for cooling said electrodes; 
means connected to said electrodes to generate arcs be- 
tween adjacently disposed electrodes; means in proximity 
to said electrodes to establish a magnetic field at each 
electrode, said magnetic field a t  each electrode having 
components parallel and transverse to the axis of that 
electrode and a flux density independent of arc current, 
said fields continuously rotating said arcs about said 
electrodes to minimize electrode ablation; and means for 
channeling gases through said chamber past said elec- 
trodes. 

6. Apparatus as in,Flaim 5 h e r e i n  said parallel com- 
ponents of said magnetic fields of said electrodes are in 
opposed relationship, and said arc generating means is 
a three-phase A.-C. power supply. 
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Luce _ _ _ _ _ _ _ _ _ _ _ _  313-162 X 
Read _ _ _ _ _ _ _ _ _ _ _ _ _ _  315-111 
Schneider _ _ _ _ _ _ _ _ _ _  3 15-1 I 1 
Bloxsom. 
Emmerich _ _ _ _ _ _ _ _ _ _  3 13-1 6 I 
Row et  a]. _ _ _ _ _ _ _ _ _ _  313-157 

GEORGE N. WESTBY, Primary Examiner. 
RALPH G .  NILSON, ROBERT SEGAL, E-ruminers. 
L. D. BULLION, P. C.  DEMEO, Assisturit Examitzers. 


