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This invention relates to a self-circulating plasma de 
vice, and more particularly to an electric lamp or light 
device making use of a plasma jet. w 
The majority of electric lamps or lights of the high 

intensity type fall into two classes, one of which com 
prises arc lamps and the other of which comprises in 
candescent lamps. Both of these classes of electric 
lamps are subject to well-known limitations, particular 
ly in regard to the current which it is practical to pass 
therethrough. Thus, increasing the current passed 
through an arc lamp is not practical, after a certain op 
timum current is reached, because the arc merely in 
creases in cross-sectional area without effecting a pro 
portionate increase in illumination. Furthermore, such 
extremely high current makes the electrode life unde 
sirably short, 
increase in the current passed through the filament, to 
a value above a certain optimum range, causes the fila 
ment to melt or otherwise deteriorate at an excessively 
rapid rate. - 

In view of the above and other factors and limitations 
relative to conventional high-intensity electric lamps, it 
is an object of the present invention to provide a high 
intensity electric lamp which makes use of a plasma 
jet, and which incorporates electrodes through which 
very high currents may be passed without resulting in 
excessively rapid deterioration. 
A further object of the invention is to provide an 

electrical plasma-jet device in which recirculation of 
gases is achieved solely as the result of the plasma jet 
itself and in the absence of auxiliary pumping means. 
A further object of the invention is to provide means 

for effecting confinement of an electric arc, and forma 
tion of a plasma jet incident to such arc, in the absence 
of auxiliary pumping means for recirculating gases 
through the arc chamber. 

These and other objects and advantages of the in 
vention will be more fully set forth in the following 
specification and claims, considered in connection with 
the attached drawing to which they relate. 

In the drawing: 
Figure 1 is a longitudinal central sectional view of a 

plasma-jet lamp incorporating the present invention; and 
Figure 2 is a fragmentary transverse sectional view 

taken on line 2-2 of Figure 1. 
Stated generally, the apparatus comprises means 10 

to define a sealed chamber, an electrical plasma-jet torch 
11 adapted to discharge a plasma jet or flame 12 into 
the sealed chamber, and means 13 to effect recirculation 
of gas from the sealed chamber through the torch and 
thence back into the chamber. Baffle means 14 are pro 
vided to increase the length of the path through which 
the gas must flow in recirculating between the torch and 
the sealed chamber, thereby increasing the cooling of 
the gas to prevent building up of undesirably large 
amounts of heat in the apparatus. - - - 
The means 10 for defining the sealed chamber is illus 
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2 
trated in Figure 1 to comprise a generally cylindrical 
casing 16 formed of relatively thin metal. Casing 16 
has a radial end wall 17 which is provided with a cen 
tral opening to receive the casing of torch 11, such torch 
casing being welded or otherwise sealingly associated 
with the wall 17. The torch 11 is thus mounted co 
axially relative to casing 16 so that the plasma jet 12 
extends along the casing axis and toward a lens 18, or 
other transparent wall portion, mounted at the end of 
casing 16 remote from the torch. The lens 18 is illus 
trated as being externally convex, and as being sealingly 
mounted on the casing 16 by means of a combination 
sealing and mounting element 19. 
The electrical plasma-jet torch 11 is illustrated to 

comprise a generally cup-shaped nozzle element 21, which 
also forms a major part of the casing of the torch, and 
into which is inserted in coaxial relationship a general 
ly disc-shaped back electrode 22. Combination insula 
tion and sealing means 23 are provided between the 
nozzle and back electrodes 21 and 22 to maintain the 
same in mutually insulated relationship and to seal an 
arc chamber 24 formed between the back electrode and 
the radial front wall of the nozzle electrode. Chamber 
24 is annular in shape and coaxial with the nozzle open 
ing 26 which is formed centrally in the nozzle element. 
As will be set forth hereinafter, gas is adapted to recir 
culate from the arc chamber 24 through nozzle open 
ing 26 into the first-mentioned sealed chamber (which 
may be given the reference numeral 27) and thence 
back through the means 13 to chamber 24. 

Additional elements of the illustrated plasma-jet torch. 
11 include a base 28 having a radial flange 29 which 
bears against the peripheral portion of back electrode 
22. Such elements are maintained in assembled rela 
tionship by means of a retaining ring 31 which is threaded 
into the rear or skirt portion of nozzle element 21 and 
bears against the combination insulation and sealing 
means 23. 
Means are provided, particularly in larger devices 

through which large amounts of electric current are 
passed, to maintain the electrodes 21 and 22 relatively 
cool. Such means may comprise a water chamber 32 
formed in the base element 28 adjacent back electrode 
22 and suitably sealed by means of an O-ring 33. Wa 
ter is introduced from a suitable source into the cham 
ber 32 by means of an inlet passage 34 in base 28. From 
chamber 32, water is discharged through an outlet pas 
sage 36 to an insulating hose 37 leading to an annular 
cooling chamber 38. Chamber 38 is provided around 
the nozzle region of the nozzle electrode and discharges 
into a hose 39 leading to a suitable drain or recircula 
tion device. 

Electrical conductors 41 and 42 are suitably connected, 
respectively, to base 28 and nozzle 21. Such conductors 
lead to a suitable source of electric current, indicated at 
42a, which is preferably a relatively high-power source 
of direct current. Current entering base 28 through 
lead 4 is conducted to flange 29 and thence to back 
electrode 22, the latter having a central refractory insert 
43 formed of tungsten or the like. Another insert, num 
bered 44 and also formed of a refractory such as 
tungsten, is provided around the wall of nozzle opening 
26. After an electric arc has been struck between the 
inserts 43 and 44, such as by momentarily impressing 
thereacross a high-voltage or high-frequency power 
source, the current flows through the inserts 43 and 44 
to the main body of nozzle electrode 21 and thence 
back through lead 42 to the power source, 
The means 13 to effect recirculation of gas between 

chambers 24 and 27 are illustrated to comprise a plural 
ity of conduits 46 having relatively large end portions 
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communicating with chamber 27 at radial wall 17, and 
relatively small end or nozzle portionis communicating 
tangentially with the arc chamber 24. As best shown 
in Figure 2, the illustrated conduits 46 are three in num 
ber and are equally circumferenitially spaced about the 
nozzle element 21. The conduits 46 all extend in the 
same direction (Figure 2) and communicate with the 
chamber 24 through tangential inlet openings 47 in noz 
Zie element 21. Conduits 46 have the effect of increas 
ing the velocity of gas flowing therethrough and tangen 
tially into chamber 24, causing a relatively rapid whirling 
or vortical flow of gas in the chamber 24 and surround 
ing the electric arc struck between inserts 43 and 44. 
A certain amount of the whirling gas adjacent the 

vortex is greatly heated by the electric arc and forms 
the plasma 12 which streams through the nozzle opening 
26 into chamber 27. For purposes of the present ap 
plication, such plasma 2.2 may be defined as consisting 
of neutral gas, ions and electrons having high tempera 
tures and velocities. The plasma 12 forms a brilliant 
and intense source of light, so that light rays are radiated 
and pass through the lens 18 for concentration and direc 
tion thereby. 

In order to increase the velocity of the plasma jet 12, 
the nozzle insert 44 is illustrated as being shaped gen 
erally as a Laval nozzle. The resulting high plasma 
velocity has the effect of drawing gas into chamber 24 
through inlet openings 47 at a substantial rate effecting 
the above-mentioned vortical gas flow in the chamber 24. 
The gas provided in the chambers 24 and 27 may be 

of various types, such as argon or mercury vapor. The 
gas may be at atmospheric or higher pressures, or at 
pressures well below atmospheric. 
The baffle means 14 is illustrated to comprise a tubular 

element 48 welded coaxially to the front peripheral por 
tion of nozzle 21 radially inwardly from the inlets in wall 
17 to conduits 46. Tube 48 has a radial fange 49 con 
nected to a second and larger diameter coaxial tube 50 
which is relatively close to the cylindrical casing element 
6. The result is that gas entering chamber 27 through 
nozzle opening 26 must flow, as indicated by the arrows, 
radially outwardly past flange 49 and then back through 
the annulus between tube 50 and casing 16. The gas 
then flows into the conduits 46 and through tangential 
inlet openings 47 into chamber 24. As the gas flows 
through the annulus between tube 50 and casing 16, it 
is substantially cooled due to heat conduction through 
the casing wall. Such wall may be suitably water jack 
eted. 

Summary of operation 
To summarize briefly the operation of the embodiment 

of the invention shown in the drawing, the chamber 27 
is first provided with suitable gas, such as mercury vapor 
or argon, at a desired pressure which may be substantially 
below atmospheric. An electric arc is then struck be 
tween electrodes 2i and 22, such arc being maintained 
by current fed through the leads 41 and 42 from power 
Source 42a. The current may be very large, for ex 
ample hundreds of amperes. The arc normally strikes 
between inserts 43 and 44, since these are caused to be 
closer together than other portions of the electrodes. 
The arc causes heating of the gas in chamber 24 and 

operates, in combination with the Laval nozzle, to effect 
streaming of the plasma jet 12 at high velocity through 
nozzle opening 26 and into chamber 27. This causes 
gas to flow from chamber 27 through conduits 46 and 
inlets 47 tangentially into chamber 24, in which it whirls 
around the arc and then passes through the nozzle open 
ing 26 in a continuous recirculation operation. In whirl 
ing around the arc, the gas tends to confine it to a path 
between inserts 43 and 44. The relatively long length 
of the circulation path, and the relationship by which 
the gas must pass adjacent casing wall 16 radially out 
wardly of tube 58, causes substantial cooling of the gas 
prior to entry thereof into the chamber 24, s 
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4 
The resulting plasma jet 12 has, as previously indicated, 

a high intensity and comprises and excellent source of 
light. Such light is passed through the wall of cham 
ber 27 at lens 18 for use in any desired manner. 

It is within the scope of the invention to provide re 
flecting means in chamber 27 and around the plasma 
jet 12. Furthermore, it is within the scope of the inven 
tion to effect self-recirculation of part of the gas around 
the external portion of the plasma jet 12, that is to say 
on the side of nozzle opening 26 remote from back elec 
trode 22. Means may be provided to effect pumping of 
gas through conduits 46 to insure proper initiation of the 
self-circulation cycle, but auxiliary pumping is discon 
tinued after such initiation. - 

Various embodiments of the present invention, in ad 
dition to what has been illustrated and described in de 
tail, may be employed without departing from the scope 
of the accompanying claims. 
We claim: s 
1. An electric lamp, which comprises means to de 

fine a first chamber having at least one light-transmis 
sive wall portion, an electrical plasma-jet torch hav 
ing a nozzle opening communicating with said cham 
ber, said torch having a second chamber therein com 
municating with said nozzle opening, and means to 
effect recirculation of gas between said first chamber 
and said second chamber and thence through said nozzle 
opening in the form of high-temperature plasma having 
substantial light-radiating characteristics. 

2. The invention as claimed in claim 1, in which said 
last-named means is adapted to effect vortical flow of 
gas in said second chamber within said torch. 3. A high-intensity electric lamp, which comprises 
means to define a sealed chamber having at least one 
transparent or translucent wall portion, a nozzle element 
having a nozzle opening communicating with said cham 
ber, and means to maintain an electric arc in the re 
gion of said nozzle opening and to effect continuous re 
circulation of gas through said nozzle opening solely 
as the result of said electric arc and in the absence of 
auxiliary pumping means. 

4. A high-intensity electric lamp or light, comprising 
means to define a sealed gas-filled chamber having at 
least one light-permeable wall, a nozzle clectrode hav 
ing a nozzle opening therein communicating with said 
sealed chamber, a back electrode mounted in Spaced and 
insulated relationship from said nozzle electrode, means 
to define an arc chamber communicating with said 
nozzle opening, said arc chamber being annular in 
shape and coaxial with said nozzle opening and en 
compassing at least a portion of said back electrode, 
means to maintain an electric arc in said arc chamber 
between said nozzle and back electrodes and in the 
vicinity of said nozzle opening, and conduit means 
having one end portion communicating with said sealed 
chamber and another portion communicating tangen 
tially with said arc chamber to effect recirculation of 
gas between said chambers and through said nozzle open 
ing into said sealed chamber, said gas being drawn 
into said arc chamber solely as the result of the presence 
of said electric arc and in the absence of auxiliary 
pumping means, said gas flowing vortically in said arc 
chamber and around said arc. 

5. The invention a claimed in claim 4, in which baffle 
means are provided to cause the gas to follow a rela 
tively long path in recirculating between said cham 
bers. 

6. The invention as claimed in claim 4, in which 
nozzle means are provided at said nozzle opening to in 
crease the flow velocity of gas passing through said 
opening from said arc chamber into said sealed cham 
ber and in the form of high-temperature light-radiating 
plasma. 

7. An electric lamp, which comprises means to de 
fine a sealed chamber, said means including a lens 
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portion mounted in at least one wall of said sealed 
chamber, an electrical plasma-jet torch having a nozzle 
opening communicating with said sealed chamber and 
disposed opposite said lens portion for transmission 
of light therethrough, said nozzle opening being de 
fined by a nozzle electrode shaped to increase the rate 
of gas flow therethrough into said sealed chamber, said 
torch including a back electrode spaced from said 
nozzle opening and also including an annular arc cham 
ber disposed between said nozzle and back electrodes 
coaxial with said opening, the distance between said 
electrodes being a minimum near the axis of said arc 
chamber, and conduit means connecting said sealed 
chamber to said arc chamber and disposed to introduce 
gas tangentially into said arc chamber for vortical 
flow therein and subsequent flow through said nozzle 
opening into said sealed chamber solely as the result 
of the presence of an arc between said electrodes in 
the vicinity of said nozzle opening. 

8. The invention as claimed in claim 7, in which said 
means to define said sealed chamber includes a heat 
conducting wall portion and baffle means to effect 
recirculation of gas along said heat-conducting wall por 
tion to thereby effect cooling of said gas prior to entry 
into said conduit means. 

9. A self-recirculating plasma device, which comprises 
a nozzle element and a back electrode mounted in spaced 
relationship, means to define a sealed chamber com 
nunicating with said nozzle element on both sides of 
the nozzle opening therein, and means including said 
back electrode to maintain an electric arc in the vicinity 
of said nozzle opening and to effect recirculation of gas 
through said nozzle opening solely as the result of the 
presence of said arc and in the absence of auxiliary 
pumping means. 

10. A self-recirculating plasma device, which com 
prises an electrical plasma-torch having a nozzle elec 
trode and a back electrode, said nozzle electrode having 
a nozzle opening therein, means to define an annular 
chamber between said nozzle and back electrodes and 
communicating with said nozzle opening, said chamber 
being coaxial with said nozzle opening, means to define 
a second and gas-filled chamber externally of said torch 
and communicating with said nozzle opening on the 
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side thereof opposite said annular chamber, recircular 
tion means connecting said last-mentioned chamber with 
said annular chamber and adapted to effect introduc 
tion of gas from said last-mentioned chamber tangen 
tially into said annular chamber, means to maintain a 
high-current electric arc between said electrodes in said 
annular chamber and in the vicinity of said nozzle 
opening, said arc Serving to effect vortical flow of gas 
in said annular chamber and discharge of gas through 
said nozzle opening in the form of high-temperature 
plasma. 

11. The invention as claimed in claim 10, in which 
said recirculation means are adapted to increase the 
velocity of gas flowing therethrough prior to tangential 
introduction thereof into Said annular chamber. 

12. The invention as claimed in claim 10, in which 
the wall of said nozzle opening is shaped as a Laval 
nozzle to increase the velocity of gas flow therethrough. 

13. A self-recirculating plasma light, which comprises 
an electrical plasma torch having a nozzle electrode and 
a back electrode, said nozzle electrode having a nozzle 
opening therein, means to define a gas chamber be 
tween said nozzle and back electrodes and communicat 
ing with said nozzle opening, means to define a second 
gas chamber externally of said torch and communicat 
ing with said nozzle opening on the side thereof op 
posite said first-mentioned gas chamber, said last-named 
means including at least one light-transmissive wall por 
tion, recirculation means connecting said second gas 
chamber with said first-mentioned gas chamber and 
adapted to effect introduction of gas into said first 
mentioned gas chamber independently of said nozzle 
opening, and means to maintain a high-current electric 
arc between said electrodes in said first-mentioned gas 
chamber and in the vicinity of said nozzle opening, 
said arc serving to effect recirculation of gas from 
said second gas chamber through said recirculation 
means into said first-mentioned gas chamber and thence 
through said nozzle opening back into said second cham 
ber and in the absence of auxiliary pumping means. 
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