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[57] ABSTRACT 

A gas dynamic laser having high temperature high 
pressure gas produced from combustion is expanded 
in a first nozzle to provide a population inversion in a 
first cavity from which laser energy is extracted. The 
gas is then passed through oblique shocks to compress 
the gas slightly after which heat is added to obtain 
major compression. The gas is then expanded in a sec-
ond nozzle structure to provide a population inversion 
in a second cavity from which laser energy is ex-
tracted. The gas is again passed through oblique 
shocks to decelerate the flow slightly after which the 
gas is passed through a subsonic diffuser for release to 
the atmosphere. 

3 Claims, 4 Drawing Figures 
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TWO STAGE GAS DYNAMIC LASER 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufac-
tured and used by or for the Government of thc United 
States for all governmental purposes without the pay-
ment of any royalty. 

BACKGROUND OF THE INVENTION 

Gas dynamic lasers presently in use are limited to a 
single optical cavity for the extraction of laser energy. 
Many such systems are known in the prior art such as 
described in "Gas Dynamic Lasers," IEEE Spectrum, 
November 1970, pages 51-58; "Explosion-Pumped 
Gas Dynamic-COa Lasers," Applied Physics Letters, 
Volume 19, Number 8, Oct. 15, 1971, pages 263-265; 
"Pulsed C 0 2 Gas-Dynamic Lasers" Applied Physics 
Letters, Volume 19, Number 3, Aug. 1, 1971, pages 
65-68 and "Laser Weapons — How Close are We?" 
Popular Science, March 1972, pages 64, 65, 66 and 
142. 

However, none of these or any other known gas dy-
namic laser teaches the use of a second optical cavity 
acrodynamically in series with the first cavity. 

BRIEF SUMMARY OF THE INVENTION 

According to this invention, a second optical cavity 
is placed aerodynamically in series with a first optical 
cavity. The first cavity is similar to those presently used 
in the art. After passing through the first optical cavity, 
the gas is compressed slightly by passing through weak 
oblique shocks. Major compression is then obtained by 
the addition of heat. The heat addition is accomplished 
by mixing gases from a combustor having the same fuel 
and oxidizer as the first stage. The combustor may be 
the same combustor used for the first stage or a sepa-
rate combustor may be used. 

The gases are then rapidly expanded to a high Mach 
number, thus producing a population inversion in a sec-
ond optical cavity from which laser energy is extracted 
in a manner known in the art. 

IN THE DRAWINGS 
FIG. 1 is a schematic diagram showing a laser system 

according to the invention. 
FIG. 2 shows the temperature entrophy diagram for 

the operation of the device of FIG. 1. 
FIG. 3 shows a side elevation of another embodiment 

of the invention. 
FIG. 4 is a top plan view of the nozzle and duct struc-

ture for the device of FIG. 3. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference is now made to FIG. 1 of the drawing 
which shows a laser 10 having burners 12 for supplying 
combustion products to a plenum 14 and nozzle 16 as 
in the prior art. Nitrogen gas is supplied to plenum 
chamber 14 from supply IS. The expansion in nozzle 
16 produces a population inversion in the laser cavity 
18 in a manner known in the art. The gas is then com-
pressed by passing through oblique shocks in region 20, 
by the turning of walls 22 and 23, as is known in the art. 
See for example "Supersonic Compression by Turn-
ing," Page 93 of "elements of Gasdynamics," by Liep-
mann and Roshko. 

Major compression is then obtained by adding heat 
in the region 25. A portion of the gas from plenum 14 
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is supplied to region 25 through ducts 27 and 28 and 
nozzles 30 and 31. The flow in ducts 27 and 28 is con-
trolled by valves 34 and 35 as will be explained later. 
The valve orifices and duct size are selected to provide 

5 about 1/10 of the mass flow through nozzles 30 and 31 
and 9/10 of the mass flow through the nozzle 16. The 
nozzles 30 and 31 provide flow of the heated gas which 
is at the same Mach as the flow through region 25. The 
expansion in nozzle 37 produces a population inversion 
in the laser cavity 39. The gas is then compressed by 
passing through oblique shocks in region 40 and then 
passed through subsonic diffuser 42 to the atmosphere. 

In the operation of the device, the gas supplied to 
plenum 14 from burners 12 and N 2 injector 15 is at a 

1 5 temperature o f about 2,700°K and at a pressure of 
about 53 atmospheres. When the device is started, 
valves 34 and 35 are closed so that the normal shock 
travels down to the inlet to nozzle 37. The expansion 
in nozzle 16 produces a population inversion in region 
18. The gas is then compressed slightly by passing 
through oblique shocks in region 20. A short time after 
the device is started and the normal shock has had time 
to travel to the inlet to nozzle 37, valves 34 and 35 are 

2 5 opened to supply hot gas to region 25. Major compres-
sion in region 25, due to the addition of hot gas, cause 
the normal shock to move on down through the chan-
nel. The expansion of the gas in nozzle 37 produces a 
population inversion in the second optical cavity 39. 

30 The flow is then decelerated slightly by passing 
through oblique shocks in region 40. The gas is then 
brought to atmospheric pressure in subsonic diffuser 
42. Laser energy may be extracted from cavities 18 and 
39 in any manner known in the art such as by passing 

35 a laser beam from master oscillator source 44 through 
cavity 18 and then passing the light beam from cavity 
18 through cavity 39 as shown. The entire process is 
represented in the temperature entrophy diagram of 
FIG. 2, wherein: Po, is the stagnation pressure in the 

40 plenum 14, PL is the static pressure after the first expan-
sion, P«4 is the stagnation pressure after heat addition, 
P4 is the static pressure after heat addition and P3 is the 
static pressure after the second expansion. 

The device of the invention may be used with nozzle 
45 structure, such as described in Popular Science article, 

as shown in FIGS. 3 and 4. 
In this device, the first stage shown generally at 50 

will operate substantially the same as in the device de-
scribed in the Popular Science article. The oblique 
shocks in region 52 are produced by turning walls 55 
and 56 inward, as shown in FIG. 3. Valves 58 and 59 
control the flow through channels 61 and 62 as in the 
device of FIG. 1 to supply hot gas to mixing region 64. 
The walls 66 and 68 are made diverging to compensate 

5 5 for the converging portion 70 of nozzles 72. The ideal 
• condition would be for the increase in nozzle area due 
to the divergence of walls 66 and 68 to exactly compen-
sate for the convergence of the input section of nozzles 

6 0 72 to provide a uniform flow cross section throughout 
the inlet region of the nozzles. 

The walls 66 and 68 may be made to continue to di-
verge in the outlet region of nozzles 72 to provide noz-
zle expansion in both dimensions. In the second optical 

6 5 cavity 74, the optical path may be folded in both direc-
tions with additional reflector elements 76 if desired. 
The oblique shock region 77 and subsonic diffuser 79 
may be substantially the same as in FIG. 1. 
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The gas mixture for laser operation need not be pro-
vided from a combustor, but may be produced in any 
way known in the art. 

There is thus provided a laser system having two opti-
cal cavities placed aerodynamically in series. 

I claim: 
1. A two stage gas dynamic laser comprising: a 

plenum chamber means for supplying a high tempera-
ture, high pressure gas dynamic lasing medium to said 
plenum chamber; means for rapidly expanding said las-
ing medium to provide a population inversion in a first 
optical cavity; means for providing a first set of oblique 
shock waves in the gas flow path in the output of the 
first optical cavity to slightly compress the gas; means 
for adding heat to the gas after the slight compression 
to obtain a major compression of the gas; means for 
rapidly expanding the gas to provide a population in-
version in a second optical cavity; means for providing 
a second set of oblique shock waves in the gas flow path 
in the output of the second optical cavity to decelerate 
the flow; a subsonic diffuser in the output of the ob-
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lique shock producing means and means for extracting 
laser energy from said first optical cavity and said sec-
ond optical cavity. 

2. The device as recited in claim 1 wherein the means 
5 for rapidly expanding said lasing medium to provide a 

population inversion in a first optical cavity is at least 
one supersonic nozzle connected to said plenum cham-
ber and said means for rapidly expanding the gas to 
provide a population inversion in a second optical cav-

10 ity is at least one supersonic nozzle. 
3. The device as recited in claim 2 wherein the gas 

lasing medium is supplied from burners supplying prod-
ucts of combustion to said plenum chamber and N2 gas 
supply connected to said plenum chamber; said means 

15 for adding heat to the gas including means for supply-
ing products of combustion from said burners to the gas 
flow after the slight compression, wherein the mass 
flow through the last named means is approximately 
one-tenth the mass flow through the nozzle connected 

20 to said plenum chamber. 
* * s}s * 
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