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[57] ABSTRACT 
This arrangement includes a gas dynamic laser 
wherein the lasing fluid is recirculated in a closed 

loop. The flow can be assumed to start with the lasing 
gas passing through a cascade of supersonic nozzles. 
This low pressure, high velocity gas is then passed 
through a lasing cavity where the lasing action takes 
place. The energy of the high velocity gas stream is 
converted back to static pressure in a supersonic dif-
fuser. The diffuser is constructed with (1) variable ge-
ometry, and (2) provisions for bleeding off the bound-
ary layer for improved efficiency. Downstream of the 
supersonic diffuser there is a heat exchanger which 
partially cools the gas in the loop. This partially 
cooled gas is then supplied to a compressor where the 
pressure and temperature are raised back to the level 
at the start of the flow. The lasing gas is directed from 
the exit of the compressor to a manifold upstream of 
the cascade Of supersonic nozzles. The compressor 
only supplies a pressure rise equal to the pressure loss 
by inefficiencies in the nozzle, the supersonic diffuser 
and the pressure drop in the heat exchanger and 
plumbing. To provide for cooling of the compressor, 
the gas bled from the diffuser is cooled by a second 
heat exchanger and pumped back to compressor inlet 
pressure and introduced into the compressor for cool-
ing. In steady state operation, both heat exchangers 
referred to above, are designed to regulate the nozzle 
inlet gas temperature by removing the amount of heat 
energy added by compressing minus the amount of en-
ergy extracted in the lasing beam and energy lost to 
the environment. The compressor and pumping means 
for cooling the compressor can be driven by any 
means desired. 

13 Claims, 3 Drawing Figures 
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C L O S E D C Y C L E D E V I C E lasing fluid then has its energy conver ted back to a 
r. A f . ^ ™ / , , ,K,r, n r - r u e T m ; c w T . A M higher static pressure by a supersonic di f fuser 28. B A C K G R O U N D O F T H E I N V E N T I O N T h e s u p e r s o n i c d i ffuser 2 8 is fo rmed having a first di-

This invention relates t o gas dynamic lasers and par- verging por t ion 30 and a second diverging port ion 32. 
ticularly to their use in a closed cycle a r rangement . 5 Bleed openings 3 4 a re provided in the region where the 

S U M M A R Y O F T H E I N V E N T I O N d i v ™ P o r t i o n s 3 ° t
 a ; d

K
3 2 ™eet. These openings on 

one side are connec ted by a manifold 36 and on the 
A pr imary objec t of t he present invention is to pro- o ther side by a manifold 38. These manifolds 36 and 38 

vide a closed cycle system for a gas dynamic laser in are connec ted to a passageway 40 for a purpose to be 
which the working fluid is continually reused within the 10 here inaf te r described. 
system. A movable center body 42 is located in the di f fuser 

In acco rdance with the present invention, a gas dy- having a fixed nose 44 with movable sides 46 , 48 , 50 
namic laser of high o u t p u t is ob ta ined with a reduct ion and 52. Control means not shown moves the center 
in fluid consumpt ion as compa red to open cycles, and body be tween its expanded (solid lines) position and its 
this is d o n e without a combust ion process . The han- 15 con t rac ted (dot ted lines) position. It can be seen that 
dhng of toxic, reactive, cryogenic or dangerous m a t e d - t h e th roa t of the diffuser moves f rom a point ad jacen t 
als can be avoided since, for example, the system can t h e intersect ion of the diverging por t ion 30 and exit of 
be powered by convent ional p r ime movers using ordi- t h e l a s i n g c a v i t y t 0 a point ad jacen t the intersection of 
nary fuels. t he diverging port ion 30 and 32 when the center body 

In this system the gas bled f rom the diffuser fo r effi- 20 m Q v e s f r o m a c o n t r a c t e d position to an expanded posi-
cient opera t ion is cooled externally of t he closed loop, t i o n T h e c e n t e r body is posi t ioned in its cont rac ted po-
recompressed , and then re in t roduced into the loop as s i t i o n f o r s t a r t i n g t h e flow through the closed loop and 
coolant for the mam compressor . T h e cycle is adapt- i t i s m o v e d to its expanded position for its designed 
able with increased compressor pressure rat io capabil- flow I n a d d i t i o n t 0 this means for changing the area of 
ity to multi-staging for increased cycle efficiency. This 25 ^ ^ ^ ^ a r e a b e v a r i e d b translating the 
concep t is also scalable to larger or smaller sizes. b o d y , o r p i u g , 42 , or by moving the outer diffuser walls 

BRIEF DESCRIPTION O F T H E D R A W I N G S 3 0 and 32. 
, . , , . , , , The f low f rom the diffuser 28 enters a manifold 54 FIG. 1 is a schematic view showing the closed cycle , , ^ , , , . , , r . , 

30 where hea t exchanger 56 is located for a purpose to be 
in ̂  , v . , , „ ^ here inaf te r disclosed. T h e lasing fluid f rom manifold 54 FIG. 2 is a schemat ic view taken along the line 2—2 . . . ^ . x .. . . ^ . . . ° , , c n r i u . r r- i u is directed to the inlet 60 of the compressor 6 by a con-of FIG. 1 showing the pa th of the laser beam. , . , H . , 3 . , - . ° . r . c , „ duit means 58. T h e compressor 6 consists of an lmpel-FIG. 3 is a perspect ive view of a p roposed configura- , . . , _ ! . . , ... , i ler 62 moun ted for rotat ion in a housing 63. T h e out let tion for an actual const ruct ion. . . , , „ 6 

35 of the compressor fo rms a manifold 64 which exits into 
DESCRIPTION O F T H E P R E F E R R E D the condui t means 8. A shaft 66 is connec ted to the im-

E M B O D I M E N T peller 62 and extends to the exterior of housing 63 . A 

As shown in FIG. 1, the closed cycle system has a P o w e r P l a n t 7 0 d r i v e s t h e s h a f t 6 6 t h r o u 8 h g e a r i n 8 
closed loop for the gaseous working fluid path with one means 72. 
lasing cavity therein for a laser b e a m . A lasing gas for 4 0 Passageway 4 0 leading f rom manifolds 36 and 38 is 
this device could consist of 14% CO z , 85% N „ and 1% connec ted to a chamber 76 containing a hea t ex-
H 2 0 , but this system is not limited to this gas composi- changer 7 8 which is similar to the hea t exchanger 56 , 
tion. See applicat ion Ser . No. 731 ,659 filed May 23, al though smaller m size. C h a m b e r 76 is connec ted to 
1968 to George H. McLaf fe r ty in this regard. A com- t h e , n l e t 7 9 o f P u m P m e a n s 8 0 bY condui t means 82. 
pressor unit 6 supplies the gaseous working fluid at the 4 5 T h e exit of t he p u m p means 80 comprises a mani fo ld 
proper t empera tu re and pressure th rough condui t 8 4 w h i c h i s connec ted to the impeller 62 to a condui t 
means 8 to a manifold 10. Manifold 10 directs the fluid 8 6 so tha t the fluid leaving the p u m p means 80 is di-
to the inlet of nozzle means 12. A nozzle means of this rec ted there in to for cooling. In the embod imen t shown, 
type showing a plurality of small nozzles 14 is disclosed the fluid flows through passages 9 0 which are fo rmed 
in application Ser. No. 729 ,494 filed May 10, 1968 to 5 0 in the impeller 62 and which discharges the fluid back 
Richard C. Mulready. T h e fluid is then expanded into the system. While this is shown as being at the out-
through the nozzle means 12 to a laser cavity 16 which let of the impeller, holes can be m a d e th rough to an in-
is downst ream of the exit of the nozzle means . t e rmedia te position or positions in the impeller h u b or 

The lasing cavity, or region, 16 includes two reflect- blades, 
ing devices 18 and 20 to provide an amplif icat ion of a The p u m p means 8 0 comprises two impellers 92 and 
laser beam direc ted there in to by a n o t h e r gas laser de- 9 4 m o u n t e d for rota t ion in a housing which is shown in 
vice, or oscillator, 4 . Othe r ref lect ing device or ar- a p a r t of housing 63. T h e s e impellers a re moun ted back 
rangements can be used, as desired. Opening 22 pro- t o back with the exit of impeller 92 being connec ted to 
vides for a beam inlet f r o m device 4 and an aerody- 6 Q a manifold 96 which is connec ted to the inlet o f t h e im-
namic window 2 4 provides for a beam outlet . An aero- peller 94 by condui t means 98. As stated here inbefore , 
dynamic window of the type re fe r red to is disclosed in the exit of this impeller is connec ted to a manifold 84. 
application Ser. No. 731 ,659 filed May 23, 1968 to T h e impellers 92 and 94 are connec ted to a shaft 100 
George H. McLaffer ty . T h e laser ou tpu t beam passing which extends externally of the housing of the p u m p 
through the aerodynamic window 24 is di rected into a ^ means 8 0 and this shaf t is also driven by a power plant 
turret 26 for final aiming. A turre t of this type is dis- 7 0 th rough gearing means 72. T h e control means for 
closed in application Ser. No. 733 ,223 filed May 27, opera t ing the power p lant 70 and for controll ing the 
1968 to William A. M o r t o n and John I. Caporini . T h e gearing means 72 to achieve p roper rotat ion o f t h e im-
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pellers 92 and 94 and impeller 6 2 a re no t shown but a re 
within the skill of the art . 

H e a t exchanger 56 is shown as a helically wound p ipe 
102 and the hea t exchanger 78 is shown as a small heli-
cally wound pipe 104. Condui t m e a n s 106 d i rects a 5 
cooling fluid to the pipe 104 while condu i t means 108 
in te rconnec ts p ipe 104 to pipe 102. T h e exit of p ipe 
102 ex tends f rom the manifold 5 4 t h rough a condui t 
means 110. T h e type and source of cooling fluid of 
these two hea t exchangers does no t f o rm par t of this in- 10 
vent ion. T h e hea t exchangers 56 and 78 cool the gas by 
the a m o u n t of hea t t ha t was a d d e d by compresso r 
means 62 and p u m p 80 minus the a m o u n t of energy ex-
t rac ted in the lasing b e a m and energy dissipated to the 
env i ronment . T h e gas t e m p e r a t u r e at t he inlet of nozzle 15 
m e a n s 12 is regula ted by varying the coo lan t f low ra te 
in hea t exchangers 56 and 78 by m e a n s of a cont ro l 
121. This cont ro l can b e manual ly o p e r a t e d or auto-
matically control led by sensing the gas t empe ra tu r e in 
manifold 10. 20 

For start ing, the system could be charged with gas 
f rom a s torage con ta ine r 120, and dur ing opera t ion 
supplied t h e r e f r o m with a small a m o u n t of m a k e u p gas 
to o v e r c o m e leakage and mainta in p r o p e r cycle opera-
t ion. 25 

This closed loop system has been analyzed and a set 
of f igures for a typical installation at s teady state condi-
tions follows. T h e compressor 6 has an eff iciency of 
84%, a pressure rat io of 1.85, a t ip speed of 1,950 fps , 
and an input power of 26 ,700 HP. T h e t e m p e r a t u r e at 3 0 

the inlet to the nozzle means 12 is 2 ,700°R and the 
pressure is 400 psia, while the f low is at 148 lb/sec. T h e 
M a c h n u m b e r in the lasing cavity 16 would be 4.2. T h e 
eff ic iency of the di f fuser 28 is 62%. In t h e passageway 
40 the b leed gas pressure is 26 psia and the f low is at ^5 
22 .3 lb/sec. Between the hea t exchanger 5 6 and the 
inlet of the compressor 6 the lasing gas is approxi-
mately a t 214 psia and a t 2 ,430°R, while the flow is 
125.7 lb/sec. In condui t m e a n s 8 2 t he pressure is 24 .4 
psia and the t empe ra tu r e is 700°R. Pumping means 8 0 4 0 

has an eff ic iency of 84%, a pressure ra t io of 9.1, a t ip 
speed of 1,550 fps , and an input p o w e r of 5 ,070 HP. In 
condui t 86 the lasing fluid t empera tu re is 1,300°R and 
its p ressure is 221 psia. T h e cont ro l 121 is regulat ing 
the coo lan t (water in this case) f low to mainta in it at 
100 lb/sec at 300 psia. T h e coolan t exiting f r o m con-
duit 110 is at 275 psia and 726°R. In this installation, 
22 ,500 Btu/sec a re re jec ted . 

This system is shown with o n e nozzle-diffuser stage; ^ 
however , the concep t of multi-staging the nozzle-
diffuser as discussed in appl icat ion Ser. No. 731 ,659 
can be appl ied to this system. 

It is to b e unders tood tha t the invent ion is no t l imited 
to the specif ic descr ip t ion above o r specif ic f igures 5 5 

shown, bu t may be used in o ther ways wi thout depar -
ture f r o m its spirit as de f ined by the fol lowing claims. 

W e claim: 
1. A gas dynamic laser device having a closed cycle 

for the f low of a lasing fluid, said closed cycle including 6 Q 

a supersonic nozzle means , a lasing region downs t r eam 
of said nozzle means, ref lect ing means in said lasing re-
gion to f o rm a lasing cavity, a d i f fuser means down-
stream of said lasing region, a hea t exchange r down-
stream of said d i f fuser m e a n s for r emoving hea t f r o m 6 5 

a lasing fluid, compresso r m e a n s fo r delivering the las-
ing fluid to said supersonic nozzle and mainta in ing f low 
th roughou t the cycle, a n d m e a n s fo r cool ing said com-

45 

pressor m e a n s including means for di rect ing a coo lan t 
f luid to said compressor means at a t empera tu re lower 
than tha t of the lasing gas in the cycle a t the locat ion 
of said compressor means . 

2. A gas dynamic laser device having a closed cycle 
fo r the f low of a lasing fluid, said closed cycle including 
a supersonic nozzle means , a lasing region downs t ream 
of said nozzle means , ref lect ing m e a n s in said lasing re-
gion to f o rm a lasing cavity, a d i f fuser means down-
s t ream of said lasing region, a hea t exchanger down-
s t ream of said diffuser means for removing heat f rom 
a lasing fluid, and compressor means fo r delivering the 
lasing fluid to said supersonic nozzle and mainta in ing 
f low th roughou t the cycle, and means for bleeding las-
ing gas f r o m the di f fuser means to cool the compressor 
means . 

3. A device as set fo r th in claim 2 wherein said c o m -
pressor means includes an impeller , and said bleeding 
m e a n s directs lasing gas into said impeller . 

4. A device as set f o r th in claim 2 where in said bleed-
ing m e a n s includes m e a n s fo r cooling the lasing gas. 

5. A device as set fo r th in claim 2 where in said bleed-
ing m e a n s includes pumping means . 

6. A gas dynamic laser device having a closed cycle 
for t he f low of a lasing fluid, said closed cycle including 
a supersonic nozzle means , a lasing region downs t ream 
of said nozzle means , ref lect ing means in said lasing re-
gion to f o r m a lasing cavity, a d i f fuser m e a n s down-
s t ream of said lasing region, a hea t exchanger down-
s t ream of said di f fuser means for removing hea t f r o m 
a lasing fluid, and compressor means fo r delivering the 
lasing fluid to said supersonic nozzle and mainta in ing 
f low th roughou t the cycle, said diffuser means being 
variable. 

7. A device as set f o r th in claim 6 wherein the dif-
fuser m e a n s can b e varied be twen a large a rea for start-
ing and a small a rea fo r cont inuous flow at opera t ing 
condi t ions . 

8. A device as set fo r th in claim 4 wherein said cool-
ing m e a n s includes a second hea t exchanger for r emov-
ing hea t f r o m the gas. 

9. A device as set fo r th in claim 8 wherein bo th hea t 
exchangers a re in series and receive a coolan t f rom a 
c o m m o n source . 

10. A me thod of fo rming a laser b e a m compris ing t h e 
fol lowing steps: 

a. cont inuously pumping a lasing gas in a closed loop, 
b. heat ing the lasing gas, 
c. expanding the lasing gas to achieve a lasing region, 
d. ext rac t ing power f r o m the lasing region in the f o r m 

of a laser b e a m , 
e. diffusing the lasing gas to recover a por t ion of the 

total pressure , 
f. r emoving hea t f r o m the lasing gas downs t ream of 

w h e r e the lasing gas is d i f fused, 
g. b leeding lasing gas as it is d i f fused , 
h. cool ing the bled lasing gas, and 
i. inject ing the cooled bled lasing gas back into the 

loop where it is p u m p e d . 
11. A m e t h o d as set fo r th in claim 10 wherein s tep 

( e ) for diffusing is variable. 
12. A gas dynamic laser device having a closed cycle 

fo r the f low of a lasing fluid, said closed cycle including 
a supersonic nozzle means , a lasing region downs t r eam 
of said nozzle means , ref lect ing means in said lasing re-
gion to f o r m a lasing cavity, said ref lect ing means pro-
viding fo r a laser o u t p u t b e a m t o b e d i rec ted t h e r e f r o m , 
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a di f fuser means downs t ream of said lasing region, a 
heat exchanger downs t ream of said di f fuser m e a n s for 
removing hea t f r om a lasing fluid, a compressor means 
for delivering the lasing fluid to said supersonic nozzle 
and maintaining flow th roughou t the cycle, said com- 5 
pressor means including an impeller, means for bleed-
ing lasing gas f rom the diffuser means , passageway 
means connect ing said bleeding means to said com-

, 4 7 7 
6 

pressor means fo r directing lasing gas to said compres-
sor means for cooling, p u m p means located in said pas-
sageway means fo r pumping the lasing gas therein. 

13. A device as set fo r th in claim 12 wherein said im-
peller has passages therein, said passageway means di-
recting said lasing gas to said passages, said passages 
exiting the cooling fluid back into said cycle. 
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