
United States. Patent [191 
Hill ‘ - 

[111, 3,795,838 
[451 ar.5,1974 

[54] AERODY‘NAMIC LARGE VOLUME 
GASEOUS ELECTRIC DISCHARGE SYSTEM 

[76] Inventor: Alan E. Hill, Box 544 A Rt. 5, 
Albuquerque, N. Mex. 87112 

[22]v Filed: _ June 27, 1972 

[21] Appl. No.: 266,813 

Related US. Application Data 
[60'] Division of Ser. No. 128,845, March 29, 1971, Pat. 

No. 3,735,284, Continuation-impart of Ser. No. 
7,935, Feb. 2, 1970, abandoned. 

[52] US. Cl. ....... ..'. ..................... .. 315/111, 313/309 

[51] Int. Cl......v ......... .. ............................ .. 1101] 7/24 

[58] Field of Search ....... ... ........ .. 313/231, 309, 351; 

331/945 PE, 94.5 G, 94.5 D; 315/111 

[.56] ‘ I ‘ References Cited 

2,765,975 ‘10/1956 Lindenblad ....................... ..3l3/309 

Primary Examiner-Palmer C. Demeo 

[7 ] ABSTRACT 
A large volume gaseous discharge system such as used 
in lasers has a plurality of electrodes at one end of the 
channel. A plurality of separate discharges are estab 
lished adjacent the plurality of electrodes. A fast— 
moving gas stream within the channel aerodynamically 
controls the ion spacial distribution, and therefore in 

. directly the electron spacial distribution within the 
channel. In one system the geometry of the system and 
velocity of the stream are made such that the transit 
time between the plurality of electrodes at one end of 
the channel, and an electrode at the other end of the 
channel, is of the order of the diffusion time from one 
current stream and the next. In another embodiment 

_ rods are positioned to rapidly diffuse the plasma with 
UNITED STATES PATENTS nozzles provided to further aid in the mixing. A trans 
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AERODYNAMIIC LARGE VOLUME GASEOUS 
ELECTRIC DISCHARGE SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a division of application Ser. No. 128,845, 
filed Mar. 29, 1971, now U.S. Pat. No. 3,735,284, 
which is a continuation~in~part of application Ser. No. 
7,935, ?led Feb. 2, 1970, and now abandoned. 

BACKGROUND OF THE INVENTION 

It is generally impossible to strike a large cross 
sectional area discharge between two parallel plates in 
high pressure gases. Instead, a single arc will be estab 
lished. The diameter of the arc is restricted by (a) elec 
tron emission at the cathode due to bombardment of 
positive ions, and (b) the electrodynamics of the col 
umn; increasing current, increases ionization which 
decreases the potential gradient and constricts the col 
umn. Individually ballasting electrodes could result in 
spreading the emission at the anode electrode but the 
individual stream would recombine in space to-form a 
single channel. ‘ . 

Gaseous discharges in high pressure gases greater 
than 25 Torr normally form a column .of ?nite cross 
sectional area when placed in containers which gener 
ally exceed the mean free path for molecular collisions. 

Thus, very long discharge systemssuch asused in la 
sers, have been required to provide high-power output. 
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See, for example, “Scienti?c American" August 1968, _ 
page 22. 

BRIEF SUMMARY OF THE INVENTION 
According to this invention use is made of aerody~ 

namic forces to control the ion spacial distribution, and 
therefore indirectly the electron spacial distribution in , 
large volume discharges. 

In one case, an individually, ballasted anode array is 
placed upstream in laminar ?ow. Anode spacing d, flow 
velocity V}, and discharge length l are arranged such 
that the ions are swept through the channel before they 
diffuse from one column into an adjacent column, i.e., 
rig/7C z 173;. The cathode surface ‘area is chosen such 
that a normal cathode glow region distributes through 
out its cross section. No external cathode ballast is re 
quirled? This technique produces multiple column dis 
charges of limited stability. 

In the'prcferred embodiment, a single column diffuse 
discharge is provided. The latter has been achieved by 
placing rods upstream of the anodes which shed vorti 
cies around each anode in order to rapidly diffuse the 
plasma, thusminimizing thermal gradients. A nozzle 
spray placed downstream of the anodes further en 
hances mixing by driving the ?ow supersonic, then 
shocking it back to subsonic. The nozzles are noncon 
ducting so that the individual plasmas are electrically 
isolated during mixing. After mixing,'merger of the in 
dividual plasmas produces a single uniform, large vol 
ume discharge‘. The shock produces sufficient plasma 
uniformity that input power may be increased with 
pressure or mass ?owrate without loss of stability. Fol 
lowing the shock, the discharge remains diffuse during 
a flow traversal time up to 'TEZmsec, without depen 
dence on further turbulence in this region. Ballast for 
the‘ separate current discharge streams may be pro 
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vided by means of the device “Ballast for a Plurality of 
Parallel Gaseous Discharges.” described in inventor’s 
copending application, Ser. No. 845,808, ?led July 29, 
1969 now U.S. Pat. No. 3,581,146. 
A laser is provided wherein a transverse folded opti 

cal path is also used which makes the use of extremely 
long laser tubes unnecessary. Thus, lasers with large 
power outputs and small space requirements are possi 
ble. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a front elevation of an aerodynamic gas 

laser according to the invention; 
FIG. 2 is a partially schematic sectional view of the 

device of FIG. 1 along the line 2--2; 
FIG. 3 is a partially schematic section view of the de 

vice of FIG. 11 along the line 3—3; 
FIG. 4 is a sectional view of the device of FIG. 1 

along the line 4-4 of FIG. 2; 
FIG. 5 shows a modi?ed anode structure for the de 

vice of FIG. 1; 
FIG. 6 is a sectional view of the device of FIG. 5 

along the line 6—6; 
FIG. 7 shows a modified cathode structure for the de 

vice of FIG. 1; _ 

FIG. 8 is a sectional view of the device of FIG. 7 
along the line 8—8; , 

FIG. 9 is a partially schematic vview of a second em 
bodiment of the invention wherein the gas makes a sin 
gle pass through the laser chamber; and 

FIG‘. 10 shows a partially schematic view of another 
embodiment of the invention with A. C. excitation; 

FIG. llis a schematic illustration of another embodi 
merit of the invention; ' 
FIG. 12 is a schematicv isometric view of the device 

of FIG. 11. ' 

DETAILED DESCRIPTION OF THE INVENTION 

I Reference is now made to FIG. 1 of the drawing 
‘ which shows a gas laser 10 having the structure as 
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‘shown in greater detail in FIGS. 2-4. ~ 
The gas laser 10 has a laser channel 12 and a heat ex 

changer. section 14. Circulation of a gas through the 
laser channel is provided by means of four compressor 
fans 18, two of which are shown schematically in FIG. 
2. The fans 18 are driven by motors 20. Guide vanes 23 
are positioned adjacent to the output of the heat ex 
changer to provide substantially laminar ?ow through 
the channel 12. Controlled low turbulence conditions 
may sometimes be permitted in the channel 12, and in 
some cases it might be preferred. A plurality of anodes 
24 are positioned at one end of the laser channel 12 
and a cathode 29 is positioned at the other end of the 
channel 12. The cathode should be designed to provide 
a grid of cathode glow-which substantially covers the 
entire cross-sectional area of the laser channel. The 
electrodes 24 and 29 are energized by a power supply 
27 with individual current-limiting'ballast resistors 28 
being provided for the separate discharge paths. 
The distance 2d between the electrodes, the gas flow 

velocity V, and the distance are selected according to 
the'following relation: ‘ 

w_here X," is the average molecular mean free path; 
C,',I is the mean molecular velocity; and 
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K is a geometrical constant depending upon the par 
ticular con?guration of the apparatus and its value 
will be between 0.1 and 1. 

In a closed cycle system, the velocity V should be 
maintained in the subsonic range so that compression 
or acceleration of the gas is unnecessary. 
A cooling liquid, such as water, is supplied to the heat 

exchanger 14. The heat from the heat exchanger unit 
14 may be used in a heat recuperation unit 31 which 
makes use of the heat in any well-known manner such 
as in the power generation system to drive the fans 18. 

The optical system for the laser is shown in FIG. 3. 
A transverse folded optical path is provided as shown. 
Flat mirrors 34 and 35 are positioned on opposite sides 
of the discharge path with a totally re?ecting mirror 36 
positioned at one end of the folded optical path, and a 
partially re?ective mirror 37 provided at the output 
end of the optical path. While ?ve crossings are shown 
in the folded path, the mirrors 36 and 37 may be posi 
tioned to provide a different number of crossings, for 
example, seven or nine. 
Nonre?ecting areas 39 are provided on the mirrors 

to prevent internal parasitic oscillations or stray re?ec 
tions. This may also be prevented by locating re?ecting 
mirrors only in areas indicated at 38. 
Other electrode con?gurations than those thus far 

described may be used, for example, the anode struc 
ture may be made up of a plurality of tapered channels 
40 in an insulator 41 with anodes 24’ projecting into 
the channels 40 as shown in FIGS. 5 and 6 wherein the 
?ow velocity is increased at the anodes by reducing the 
cross-sectional area and then expanding into the laser 
channel, thus requiring fewer electrodes and permitting 
more complete volume ?lling in the laser channel. 
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Various cathode structures could be used, for exam- ’ 
ple, such as shown in FIGS. 7 and 8. Tapered openings 
45 may be provided in an insulating sheet 47 with cath 
ode material 49 located in each of the openings. 
Also channel con?gurations other than that shown 

may be provided, for example, the channel can be rect 
angular, as shown, or it can be cylindrical or it can have 
an annular shape. With the annular channel, the folded 
path would be in the direction of ?ow. In this case, two 
annular rows of mirrors could be used with the outer 
mirror at the ?rst end directing the beam to the inner 
mirror at the second end with the beam then being di 
rected to the inner mirror at the ?rst end, and then to 
the next outer mirror at the second end so on around 
the annular channel to the output in the same manner 
as in the system as described above. The annular gase 
ous discharge channel could also be used to test equip_ 
ment within a uniform plasma discharge, such as might 
be used for reentry simulation. 
Also a tapered channel may be used to keep the ve 

locity constant as heat is added so that subsonic flow 
approaching Mach 1 can be used in the laser channel. 

In one device constructed and operated, the laser 
channel 12 was 6 inches long, 1 inch high and 6__inches 
wide. V was 9Leters/sec, d was 0.69 cm, A", was 
2X10-5meters, C,,l was l.48Xl0-"’meters/sec, and K 
wa'smapp'roximately edu'alwto" 1".‘ 55‘ used was a 
mixture‘bf CO; at a partial pressure of 1.5 torr, N2 
at a partial pressure of 1.5 torr and He at a partial 
pressure of 4 torr. 
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4 
In the operation of the device, the compressor fan es 

tablishes a gas ?ow below Mach 1 in the closed system. 
Ions produced in the space between the anodes and the 
cathodes are swept toward the cathode by the gas ?ow. 
The distance between the anode electrodes is selected 
such that the diffusion time from one stream to the next 
is of the order of the transit time from the anodes to the 
cathode. 
The device may be operated either as a laser oscilla 

tor or a laser ampli?er. When operated as an oscillator, 
stimulated emission is reinforced in the optical cavity 
by internal feedback with aligned mirrors in a manner 
well known in the laser art, or with an external optical ' 
feedback system. Ampli?er operation could be in the 
manner known in the laser art. Also, the device may be 
operated either as a pulsed laser or as a continuous 
wave laser. 

While a closed system has thus far been described, it 
is possible to use a system wherein the gas makes a sin 
gle pass through the laser channel, as shown in FIG. 9. 
The laser channel 12’ is substantially as described in 
FIGS. 1--4. Individual cathodes 29 may be provided, 
if desired. The cathodes 29 and the anodes 24' may be 
of the type previously described with respect to FIGS. 
5 and 7. The optical system, not shown, would be as in 
FIG. 3. The laser gas would be admitted at input 51, 
drawn through the system at the desired velocity by 
means of a pump 52, and released to the atmosphere 
at outlet 53. Outlet 53 may lead to a gas recovery sys 
tem, if desired. The gas could be supplied under pres 
sure at 51 and expanded to a lower pressure in a nozzle 
before entering the channel 12'. The gas would then be 
released to the atmosphere through a diffuser in the 
normal manner. The operation would be substantially 
as described above except that the gas would not pass 
through an internal heat exchanger, and supersonic 
flow may be used. 
Alternating current excitation may be provided in a 

device such as shown in FIG. 10, with a laser channel 
12" similar to that shown in FIG. 9. In this device, sep 
arate electrodes are provided at both ends of the laser 
channel 12". Gas ?ow through the channel would be 
as in FIG. 9. A feedback current control circuit 60 
would be provided for each pair of electrodes to limit 
the current in the different discharge paths. 
Uniform large volume gaseous discharges, such as 

may be used in lasers, may be provided as shown in 
FIG. 11. In this device, horizontal rods 80 are placed 
upstream of anodes 82 which are secured to vertical 
rods 84. Rods 80 and 84 shed vortices to rapidly diffuse 
the plasma. Further mixing then takes place in the noz 
zle array 86. To further aid in the mixing, the ?ow up 
stream of the nozzles can be driven supersonic with the 
pressure ratio across the nozzles selected to shock it 
back to subsonic. The pressure ratio, to provide shock 
ing, can be provided either by increasing the pressure 
upstream or by decreasing the pressure downstream of 
the nozzles, or a combination of both, by use of a 
pump. The nozzle structure 86 is made of nonconduct 
ing material, such as a plastic so that the plasmas in the 
separate nozzles are electrically isolated during mix 
ing. Though not needed for all applications, a screen 88 
may be provided downstream of the nozzles to provide 
more uniform optical properties in the discharge col 
umn. For laser operation a transverse folded path, de 
scribed with respect to FIG. 3, maybe provided, as 
shown schematically in FIG. 12. In the growth region 
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of the beam for ampli?er operation the mirrors can be 
located closer together, as illustrated. Input light beam 
89 will be ampli?ed within the system in the conven 
tional manner. 

Even when shocking in the nozzles is not provided, 
.the nozzles by themselves act to provide a more uni 
form discharge. 
The systems described may be used to provide a uni 

form low power discharge which is insufficient to pump 
the laser, or to overheat the gas media. This provides 
a weekly ionized uniform plasma which may then be 
pulsed to provide a complete uniform breakdown and 
subsequent laser pumping. The pulsing could be pro 

' vided between existing electrodes, or special electrodes 
for this purpose could be provided. These electrodes 
need not be aligned in the same direction as the existing 
electrode con?guration. This device can then be used 
as a rapid pulse‘ laser or a single pulse laser. 
The gas used in the system may be, for example, a 

mixture of He, N2 and CO2 as described in the article 
“High-Power Carbon Dioxide Lasers,” pages 23-33, of 
Scienti?c American, August 1968. However, other 
known laser gas may also be used. 
There is thus provided a high-power gaseous dis 

charge system which is more compact than prior art 
systems, wherein ballast means and aerodynamic con 
trol are used to permit the excitation of a large volume. 

I claim: 
1. A system for providing a large volumn discharge 

comprising: an enclosed space; a gaseous medium in 
said enclosed space ‘having a pressure greater than 25 

_ Torr; means, including a plurality of electrodes at one 
end of said chamber and at least one electrode at the 
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other end of said chamber for establishing a plurality of 
separate discharges within said chamber; said means, 
for establishing separate discharges within said cham 
ber, including means for providing an individual ballast 
for each of said discharges; means for aerodynamically 
controlling the spacial distribution of charge and tem~ 
perature within the chamber; said last named means in 
cluding means for providing a ?ow of said gaseous me 
dium through substantially the entire cross section of 
said channel. 

2. A system for providing a large volume discharge 
comprising: means, for forming an at least partially en 
closed chamber having a gaseous medium therein; 
means, including a plurality of electrodes at one end of 
said chamber and at least one electrode at the other 
end of said chamber for establishing a plurality of sepa 
rate discharges within said chamber; said means, for es 
tablishing separate discharges within said chamber, in 
cluding means for providing an individual ballast for 
each of said discharges; means for aerodynamically 
controlling the spacial distribution of charge and tem~ 
perature within the chamber; said last named means in 
cluding means for providing a ?ow of said gaseous me 
dium through said channel; means upstream of said 
plurality of electrodes for creating vortices adjacent the 
plurality of electrodes to rapidly diffuse the plasma and 
an array of converging diverging nozzles downstream 
of said anodes to further provide a homogeneous dis 
charge plasma. 

3. The device as recited in claim 2 including means 
for providing shocking in the nozzles whereby mixing 


