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2,943,182 
FLUID STABILIZED ARCMECHANISM 

John W. Prout, Bridgeport, and Noel J. Sheehan, Phila 
delphia, Pa., and James W. Reid, Jr., Collingswood, 
N.J., assignors to General Electric Company, a corpo 
ration of New York 

Filed Jan. 9, 1958, Ser. No. 707,885 
3 Claims. (C. 219-121) 

The present invention relates to a fluid stabilized arc 
mechanism and more particularly to a fluid stabilized 
arc mechanism capable of operating for extended periods 
of use with structural versatility and reliability, and 
with an extended range of use previously unrealized in 
devices of this general type. 

In general, fluid stabilized arc mechanisms which de 
liver large thermal energy in the form of a high tem 
perature plasma have been classified as research or de 
velopment equipment because of structural limitations 
which prohibited the utilization of such equipment or 
apparatus for more than a few operational cycles. Fur 
ther, because of the high temperatures developed by 
such electric arc and plasma producing devices in the 
super heated plasma working fluid, the structural com 
ponents of such devices quickly deteriorated so that use 
of the stabilized arc as a practical tool in such produc 
tion areas as in welding, metal cutting, or the like was 
not feasible. Consequently, before a fluid stabilized arc 
mechanism could be used as a production device, the 
versatility of the structure would have to be increased 
to allow for the following: selective control of the arc 
temperature; greatly increased operational life of the 
device; reduced maintenance and operating costs; pro 
vision for a more stable and uniform arc; and more 
selective control over the plasma working fluid output. 

Briefly, in order to provide a high temperature plasma 
for use in research, welding, metal spraying, cutting, 
testing, and the like, with an electric arc and plasma pro 
ducing device, an electric arc is condensed or con 
stricted into a smaller circular cross section than would 
ordinarily exist in an open arc type. device. This con 
struction creates a very high temperature and by making 
one of the electrodes hollow, a super heated plasma 
working fluid is ejected therethrough which may be used 
in any desirable and suitable manner. The mass flow 
through the electrode nozzle and the composition of the 
plasma can be selectively changed by using different 
media to constrict the arc. 
The present invention comprises a fluid stabilized arc 

mechanism having electric arc and plasma producing 
means generating an ultra high temperature plasma 
utilizing a fluid chamber to maintain temperatures at 
a safe level with respect to the immediate mechanism 
structure. Further, a replaceable vortex orifice plate 
is provided to permit the selective utilization of various 
size vortices to predeterminedly control the temperature 
of the arc; for example, the smaller the vortex the more 
condensed or hotter the arc. 

Electrode rod holding means are provided which per 
mit a quick change of electrodes to allow the use of a 
wider selection of rod diameters for more versatility in 
the type and characteristic of the plasma working fluid 
generated. Accordingly, the present fluid stabilized arc 
mechanism with increased versatility and extended range 
of applicable uses can now be used more like a pro 
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duction tool than a piece of research or development 
equipment, as presently considered. 
An object of the present invention is the provision of 

a fluid stabilized arc mechanism which provides a high 
temperature plasma over an extended period of time 
without deleterious effects on the structure of the mech 
anism. 
Another object is to provide a fluid stabilized arc 

mechanism having greater cooling capabilities and ver 
satility of design so as to permit more control over the 
high temperature plasma output while reducing main 
tenance and operational costs. 
A further object of the invention is the provision of a 

fluid stabilized arc mechanism capable of delivering a 
high temperature plasma by utilizing a fluid cooling 
System and by permitting the replacement of the elec 
trode rod and the vortex orifice plate to provide selec 
tive control of the arc to obtain a desirable range of 
operational temperatures to increase the versatility and 
adaptability of the mechanism. 
Other objects and many of the attendant advantages 

of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings in which like reference nu 
merals designate like parts throughout the figures there 
of and wherein: 

Figure 1 is a sectional view of a preferred embodi 
ment of the invention; 

Figure 2 is a sectional view of the working and drain 
chambers of the preferred embodiment of Figure 1; and 

Figure 3 is a sectional view of the swirl or arc cham 
ber of Figure 2 showing a suitable construction of one 
of the Swirl holes. 

Referring now to the drawings, there is illustrated a 
preferred embodiment 10 comprising an electric arc and 
plasma generator 12 suitably secured to a face plate 
14 forming part of a suitable support, such as a stand 
16, or the like, adapted to maintain the generator in a 
predetermined attitude dependent on the particular ap 
plication. 
The electric arc and plasma generator 12 is provided 

with a generally cylindrically shaped housing 18 of such 
suitable insulating material as Lucite, or the like. A 
top plate 20 is provided at one end of the housing, 
formed with an axial aperture 22 threadedly and re 
placeably supporting a nozzle retainer 24. A nozzle elec 
trode 26 is replaceably supported within the nozzle re 
tainer, so that, if desirable or deemed necessary, the 
electrode may be replaced to change nozzle size or to 
Substitute therein a new and unused electrode. 
An end closure plate 28 is provided on the housing 

18, at the opposite end from the top plate 20, and formed 
with a suitable circular flange to sit in a suitable aper 
ture on the face plate 14. The end plate is formed 

- with an axial aperture 30 and a number of peripherally 
spaced drain apertures 32 provided with valve means, 
not shown, to selectively prevent the flow of any fluid 
therethrough. The housing 18 is formed with a drain 
chamber 34 between the end plate 28 and a baffle plate 
36, which, in turn, provides the housing with a working 
chamber 38 between the baffle plate and the top plate 
20. The working chamber is further divided into a fluid 
chamber 40 and a swirl chamber 42 concentric there 
with and separated therefrom by a cylindrical member 
44, which may be constructed of a suitable insulating 
material, such as Lucite, or the like. 
The baffle plate 36 is formed with an axial bore thread 

edly supporting therein a replaceable vortex plate 46 
formed with an axial aperture 48 which determines the 
size of the vortex generated within the swirl chamber 42 
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by controlling the amount of fluid remaining therein. 
The size of the generated arc in the swirl chamber, be 
tween the nozzle electrode 26 and a coaxially provided 
electrode rod 50 is determined by the size of the vortex 
which is a function of fluid passing through the axial 
aperture 48 from the swirl chamber which, in turn, de 
termines the axial column void of fluid and available 
for the arc path between the electrodes. The cylindrical 
separating member 44 is provided with a plurality of 
swirl holes 51, as seen in Figures 2 and 3, suitably formed 
therein such as by drilling, or the like, so that a fluid 
medium, such as water or a gas from the fluid chamber, 
may be tangentially introduced into the swirl chamber 
to generate the desired vortex pattern therein. If desired, 
the swirl holes 51 may be replaced by a swirl slot of a 
suitable axial length to supply the desired vortex pattern. 
It will be obvious, that the size of the vortex and the re 
sultant arc path can be selected by simply replacing the 
vortex plate 46 with another having the axial aperture 
size necessary to obtain the desired arc size. 
The top plate 20 is provided with a plurality of radially 

extending fluid inlets 52 equally spaced about the circum 
ference thereof, which direct fluid to a circular recess 53, 
formed on the interior surface of the top plate 20. Fluid 
introduced into the recess 53 enters the water chamber 
40, and, further, serves to cool a large area of the top 
plate 20. The fluid inlets are conventionally connected to 
a fluid source, such as a water source, not shown, supply 
ing water under pressure to the fluid chamber 40 to main 
tain it continuously full while in operation, so that the 
pressure built-up therein will be sufficient to force water 
through the swirl holes. It should be understood, of 
course, that a variety of fluid media may be used within 
the fluid chamber, which would primarily depend upon 
the particular type of plasma working fluid desired 
which is a function of the intended application. 
To facilitate construction of the housing 18, with the 

intended changeability of the various components therein, 
it is constructed of a number of cylindrical members, as 
shown in Figures 1 and 2, which rigidly maintain the 
baffle plate 36 in a predetermined location therein. The 
various components of the housing are retained in a uni 
tary structure by a plurality of elongated stud members 
54, provided with coacting nut members 56, which 
uniformly bias the housing components together to main 
tain a rigid structure. Sufficient sealing means are pro 
vided within the housing, at all component joints to 
prevent any fluid leakage therefrom. Also, a number of 
suitable electrical connections 58 are provided on one or 
more of the stud members and maintained thereon by the 
nut members 56, as shown in Figure 1. An electrical 
ground connection 59 is also provided secured on one of 
the stud members 54 and maintained thereon by the co 
acting nut member. 
A hollow tubular member 60, suitably supporting the 

electrode 50 thereon, is axially slidable within the aper 
ture 30 to predeterminedly control the spacing between 
the electrodes in the swirl chamber. A plurality of seals, 
such as chevron seals 62, or the like, are provided be 
tween the tubular member and the housing end plate 28 
to prevent any leakage of fluid from the drain chamber 
34. The tubular member is axially aligned with the noz 
zle electrode 26 and coaxial with the axial aperture 48 
on the vortex plate 46, and is provided with an axial 
aperture 64 removably supporting at one end thereof a 
collet member 66. The collet, 66, of conventional de 
sign, replaceably supports therein the electrode rod 50 
to permit the removal or substitution thereof. If neces 
sary to accommodate electrode rods of different diameters, 
the collet can be replaced with others of suitable bore 
sizes to permit such substitution. 
The collet 66 is connected by threaded engagement, 

or the like, to one end of rod member 68 coaxially 
mounted within the aperture 64 of the tubular member. 
The rod 68 is resiliently mounted, at the opposite end 
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4. 
from the collet, to the tubular member by a spring 70 
biased between a first washer member 72, abutting an 
interior circular flange formed on the interior wall of 
the member 60, and a second washer member 74 adjus 
tably maintained on the rod by a threaded nut 76. In this 
manner, the rod is axially slidable within the tubular 
member, and, in turn, will axially actuate the collet 66 
and permit removal of the electrode rod therefrom. Ob 
viously, any other suitable collet removing means may 
be employed, however, the utilized axially slidable rod 68 
is compact and mechanically simple to maintain and 
operate. 
The tubular member 60 is provided with a drain con 

duit 78, concentric with the axial aperture 64 but radially 
spaced therefrom to permit drainage of the fluid from 
the drain chamber through an outlet 80 to a suitable 
drainage means not shown. Auxiliary drain outlets 32 
are provided in the end plate 28, however, these out 
lets are provided with suitable valve means, not shown, 
to shut off any drainage therethrough. For example, if 
the fluid chamber 40 is filled with a gaseous medium the 
generator 12 will be pressurized and the auxiliary drain 
outlets will be shut off so that the drainage of fluid will 
be all through the aperture 78. 
The end of the tubular member 60, opposite from the 

collet end, is provided with a suitable frame structure 82 
integrally fixed thereon for connecting an actuating 
mechanism, such as a servo feed or manually operative 
system, thereto for predetermined axial actuation of the 
electrode rod 50 in response to the voltage supplied to 
the electrodes 26 and 50. In this manner, if desirable 
the electrode 50 can be axially adjusted to maintain the 
voltage constant. The actuating mechanism such as a 
hydraulic servo feed system 84, is operatively mounted 
on the support stand 16 in a conventional manner. For 
purposes of illustration, the system 84 is mounted on a 
supporting plate 86, which is an integral part of the sup 
port stand and axially spaced from the face plate 14 by a 
plurality of connecting structural members 87. The hy 
draulic servo feed system is provided with an axially actu 
ated piston member 88 connected to the frame structure 
82 to axially move the tubular member 60 and the rod 
electrode 50, mounted thereon, to selectively control the 
spacing between the coacting electrodes. As shown in 
Figure 1, an electrical connection 90 to the electrode 
50 is suitably attached to the frame structure 82, which 
is conductively associated with the electrode rod. 

In the operation of the preferred embodiment 10, the 
fluid is introduced into the circular recess 53, provided on 
the interior side of the top plate 20 and, in turn, into 
the fluid chamber, 40. This chamber is maintained full 
throughout the operational period of the electric arc and 
plasma generator 12, and enough fluid pressure is main 
tained to force the fluid through the swirl holes 51 lo 
cated in the cylindrical separating member 44. The swirl 
holes introduce fluid into the swirl chamber 42 tan 
gentially to the inner surface of the cylindrical member 
44 so that the spinning action of the water creates a vor 
teX in the center thereof. The diameter of this vortex is 
determined by the size of the aperture 48 in the replace 
able vortex plate 46. Generally, the vortex in the swirl 
chamber is about Ag to /8 of an inch larger than the di 
ameter of the rod electrode 50. When the arc between 
electrodes 26 and 50 is struck, the fluid in the swirl 
chamber condenses or constricts the arc, and part of the 
fluid boils away and leaves as part of the plasma which 
is ejected through the nozzle 26. 

it will be obvious that fluid circulating from the work 
ing chamber into the swirl chamber and, finally, into the 
drain chamber will cool the generator 12. Also, the re 
cess 53 in the top plate 20 will provide greater cooling 
therein and increase the operational life thereof. If 
deemed desirable, fluid can be recirculated and a recir 
culation cycle established which can be pressurized. 
Further, since the carbon rod electrode 50 is consumed 
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as the arc burns, it is continuously fed into the swirl 
chamber by the hydraulic servo feed system 84, or 
manually if desired. Through suitable and conventional 
electrical means, not shown, the voltage between the noz 
zle electrode 26 and the rod electrode 50 is sensed to 
regulate the action of the hydraulic servo feed system to 
feed the rod electrode into the swirl chamber at a rate 
which maintains the voltage constant. The arc is ex 
tinguished by withdrawing the rod 50 or by letting it burn 
out when the servo feed system is stopped. 

Briefly, the generator 12 is protected from the extremely 
high temperatures generated by the arc to increase the 
operational longevity of the fluid stabilized arc mecha 
nism herein disclosed. Further, by the provision of the 
replaceable vortex plate 46, the size of the vortex pro 
duced within the swirl chamber can be controlled to ob 
tain the desired temperature range in the plasma ejected 
through the nozzle electrode. By using the collet 66, to 
retain the rod electrode 50, within the hollow tubular 
member 60, the electrode may be quickly removed simply 
by actuating the servo feed system to completely withdraw 
the tubular member 60 from the generator 12, through 
the aperture 30. Next, the rod member 68 is axially actu 
ated in the direction of the generator 12 so as to push 
the collet 66 out of the tubular member to thereby re 
lease the rod electrode 50 therefrom. The rod 68 can be 
actuated by having it contact a stopping structure, such 
as the supporting plate 86, or any other rigid structure 
in the axial path of the rod 68 when actuated by the 
servo feed system. Obviously, another rod electrode can 
be inserted into the collet and the rod 68 released to be 
biased by the spring 70 so as to reset the collet back into 
the tubular member 60. 
The present invention discloses an electric arc and 

plasma generator 12 securely fixed to a support stand 16 
with the rod electrode 50 axially actuated therein by the 
hydraulic servo feed system 84 in response to the voltage 
between the electrodes to maintain the voltage therebe 
tween constant and, in turn, maintain the temperature 
range of the plasma working fluid substantially constant. 
In the preferred embodiment 10, the replaceable nozzle 
electrode 26 is a positively energized anode of graphite, 
or the like, and the electrode rod 50 is a negatively ener 
gized cathode, if desired the polarity of the electrodes 
can be reversed. A source of electrical power is applied 
across the electrodes to strike an electric arc therebetween 
and, to prevent it from spreading, the arc is confined 
within a small enough volume, to greatly increase its cur 
rent density and temperature over that normally obtain 
able. The arc is confined by introducing a suitable fluid, 
Such as air, water, oxygen, or the like, into the swirl 
chamber at a substantially high velocity through the tan 
gentially arranged swirl nozzles 51 to circulate as a high 
speed vortex about the arc. 

Accordingly, the present invention discloses a fluid 
stabilized arc mechanism as a practical tool having in 
creased versatility, increased operational life, and a more 
stable arc by maintaining a constant voltage through the 
use of a servo feed system 84. Also, maintenance and 
operating costs greatly reduced to further enhance the 
practicability and usefulness of the present fluid stabilized 
arc mechanism. 

It should be understood, of course, that the foregoing 
disclosure relates to only a preferred embodiment of the 
invention and that it is intended to cover all changes 
and modifications of the example of the invention herein 
chosen for the purposes of the disclosure which do not 
constitute departures from the spirit and scope of the 
invention as set forth in the appended claims. 
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What is claimed is: 
1. A fluid stabilized arc mechanism comprising means 

forming a fluid chamber, a hollow cylindrical member 
concentrically mounted within the means forming the fluid 
chamber, the interior of said cylindrical member forming 
a swirl chamber, means forming a drain chamber coaxial 
with said Swirl and fluid chambers, a nozzle electrode 
mounted in the end of the means forming said fluid cham 
ber, a rod electrode axially movable within said drain 
and swirl chambers, means operatively connected to the 
fluid chamber for introducing fluid under pressure into 
said fluid chamber, swirl openings formed in the wall 
of said hollow cylindrical member to cause fluid within 
the swirl chamber to form a vortex, means for connecting 
a source of electrical power between the rod and nozzle 
electrodes, and servo means for axially actuating the rod 
electrode in response to the voltage between the nozzle 
and rod electrodes. 

2. A fluid stabilized arc mechanism having a swirl 
chamber, a fluid chamber concentrically mounted with 
respect to said swirl chamber, swirl holes tangentially 
formed on the wall of said swirl chamber to interconnect 
said fluid chamber therewith, a replaceable nozzle elec 
trode at one end of said swirl chamber, a variable vortex 
orifice at the other end of said swirl chamber, a rod elec 
trode slidable through said variable vortex orifice and pre 
determinedly spaced axially from said replaceable nozzle 
electrode, means for allowing fluid into said fluid cham 
ber through said swirl holes under pressure to generate 
a vortex therein, wherein the vortex is a function of the 
diameter of the variable vortex orifice, automatic feed 
means coupled to said rod electrode for axial actuation 
in response to a voltage between the electrodes, and elec 
trical power means coupled to said electrodes to generate 
a voltage therebetween. 

3. A fluid stabilized arc mechanism comprising an elec 
tric arc and plasma generator having a working chamber 
and a drain chamber, a baffle plate separating said work 
ing and drain chambers, a replaceable vortex plate opera 
tively associated with said baffle plate and having an axial 
aperture therein, said working chamber having a fluid 
chamber and a swirl chamber coaxially mounted therein, 
a cylindrical member mounted within said working cham 
ber and separating said fluid and swirl chambers, fluid 
inlet means operatively coupled to said fluid chamber to 
supply fluid under pressure thereto, a plurality of tan 
gential swirl holes longitudinally located on said cylindri 
cal member to pass fluid into said swirl chamber to gen 
erate a vortex therein as a function of the diameter of 
said axial aperture in said vortex plate, a replaceable 
nozzle electrode at one end of said swirl chamber, a rod 
electrode axially slidable through said axial aperture and 
axially spaced from said nozzle electrode in said swirl 
chamber, tubular means releasably supporting said rod 
electrode coaxially within said generator, and rod elec 
trode releasing means operatively coupled to said tubular 
means to predeterminedly release said rod electrode there 
from, electrical power means coupled to said electrodes 
for generating an arc therebetween, and servo feed means 
operatively coupled to said tubular means for slidably 
actuating said rod electrode in response to the voltage 
across said axially spaced electrodes. 
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