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[ 57 ] A B S T R A C T 

A n aerodynamic window for high power gaseous la-
sers having a plural i ty o f blades mounted on the pe-
r iphery o f a c i rcular disc outside the aperture in the 
laser cavity. The downwash of the blades as they move 
before said aperture provide a component directed 
into the cavity and away f rom the aperture to inh ib i t 
escape o f the lasing medium. 

7 Claims, 7 Drawing Figures 
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R O T A T I N G B L A D E R O W A E R O D Y N A M I C nents that lend themselves to standard mass p roduc ing 
W I N D O W FOR H I G H P O W E R P U L S E D G A S E O U S manu fac tu r ing techniques. 

L A S E R S For a better understanding o f the present invent ion 
together w i t h o ther and fu r ther objects thereof , refer-

5 ence is made to the f o l l ow ing descr ip t ion taken in con-
This invent ion relates general ly to lasers, and, more nect ion w i t h the accompany ing drawing and its scope 

par t icu lar ly , to an aerodynamic w indow for h igh power w i l l be po in ted out in the appended claims, 
pulsed gaseous lasers. 

I t has been suggested to use lasers fo r a wide diversi ty D E S C R I P T I O N O F T H E D R A W I N G 
o f act iv i t ies ranging f r o m commun i ca t i on over great 1 0 F IG. 1 represents a p ic to r ia l v iew o f a blade o f the 
distances to the d r i l l i ng o f very accurate holes in ob- aerodynamic w indow o f this invent ion shown before a 
jects. M a n y such uses require a very large amoun t o f gaseous laser opening w i th the dr iv ing mo to r shown in 
focused e lect romagnet ic energy, especial ly where i t is schematic fashion; 
desired to damage or destroy an ob jec t at a distance by FIG. 2 is a schematic i l lus t ra t ion o f the b laderow aer-
focusing a large a m o u n t o f energy on a smal l area. odynamic w indow o f this invent ion in a subsonic opera-

Lasers are now established in the art f o r generat ing t ion; 
coherent e lect romagnet ic rad ia t ion in the opt ica l f re- FIG. 3 is a schematic i l lust rat ion of a representat ive 
quency range. The opera t ion o f a laser is based upon design o f a blade o f the aerodynamic w indow o f this in-
the fact that the a tomic systems represented by the vent ion; and 
atoms o f the laser mater ia l can exist in any o f a series FIGS. 4 - 7 are schematic i l lustrat ions o f a var iety o f 
o f discrete energy level o r states, the systems absorbing posi t ions o f a blade o f the aerodynamic w indow o f this 
energy in the opt ica l f requency range in go ing to a invent ion in a supersonic operat ion, 
higher state and emi t t i ng i t when going to a lower state. 

The opera t ion o f rais ing the energy level o f the lasing 
med ium to produce the desired pho ton emission is re-
ferred to in the art as " p u m p i n g " and when more atoms Reference is now made to FIG. 1 o f the d raw ing 
reach an exci ted metastable state than remain in a wh i ch best shows the ro ta t ing blade 10 o f the aerody-
lower energy level, a " p o p u l a t i o n i nve rs ion " is said to namic w indow 12 o f this invent ion for use w i th a high 
exist. 30 power pulsed gaseous laser 14. Blade 10 is one o f a plu-

The act ive med ium w i th in the laser is made opt ica l ly ral i ty o f blades (no t shown in FIG. 1) f ixedly or adjust-
resonant by p lac ing ref lectors at e i ther end thereof . ably secured to a ro ta t ing disc 16 wh ich is moun ted ad-
The re f lec tor on at least one end o f the mater ia l is jacent to the aper ture 18 o f gaseous laser 14. A n y suit-
made part ia l ly transmissive so tha t there w i l l be an es- able dr ive means such as an electr ic mo to r 19 is opera-
cape f rom the resonant chamber . 35 bly connected in any convent iona l manner to disc 16 

It is recognized that in many high powered gaseous so as to cause the ro ta t ion o f blades 10 before aper ture 
lasers the mater ia l w indows or ref lectors wh ich are 18 at a predetermined speed. The blades 10 are o f a 
used to isolate the m e d i u m w i th i n the laser w i l l also dis- conf igura t ion described here inbelow and moun ted in 
integrate under the power o f the laser. Here to fore , an such a manner so that the ef f lux o f the h igh pressure 
ef fect ive substitute fo r such w indows have been lack ing 40 med ium w i th in laser 14 w i l l be prevented f r o m passing 
in the art. on to the surroundings at low pressure. 

As shown in FIG. 2 o f the d rawing the adverse up-
stream inf luence o f blade 10B approach ing aper ture 18 

The instant invent ion sets fo r th a laser w i n d o w w h i c h can be countered by a wake o f blade 10A wh ich has 
is capable of isolat ing the laser cavi ty aerodynamica l ly . 45 jus t passed in f r on t o f aperture 18. The plan f o r m and 
This is accompl ished by u t i l i z ing the downwash f r o m prof i le o f blades 10 are designed to cause the down-
suitably con toured blades passing an open por t and in wash to persist after a blade 10 has passed aper ture 18 
so do ing w i l l inh ib i t e f f lux o f the h igh pressure med ium and thereby to seal the laser 14 even when there is no 
in to surr roundings at a lower pressure. Bo th subsonic sol id mater ia l in f ron t o f aper ture 18. The var iety o f 
and supersonic opera t ion is possible. 5 0 pressure outside aperture 18 as the air fo i l or blades 10 

In this invent ion the blades are moun ted on the pe- moves downst ream may be adjusted to co inc ide w i t h 
r iphery o f a ro ta t ing disc wh ich sweeps past the laser the decrease in cavi ty pressure between pulses. Such a 
aperture per iodica l ly . The blade chord , inc idence, and subsonic operat ion is i l lustrated in FIG. 2. 
b ladewal l separat ion a l lowable depend upon the disc The phenomena to be expected dur ing the super-
mater ia l and the opera t ing parameters o f the specif ic 5 5 sonic operat ion is best i l lustrated in FIGS. 4 - 7 . Only 
laser system o f interest. when a wave pat tern emanat ing f r o m a blade 20 is 

I t is therefore an ob ject o f this invent ion to prov ide al igned w i t h aper ture 18 as shown in FIG. 4 w i l l aper-
an a i r fo i l downwash to counterac t ef f lux th rough an ture 18 be ideal ly closed. A t all o ther t imes, as shown 
open por t in a laser system. 6 0 i n FIGS. 5 - 7 , sl ight leakage and ingest ion may occur . 

It is another ob ject o f this invent ion to prov ide an However , i t should be po in ted ou t that even under 
aerodynamic w indow to counteract e f f lux th rough an these condi t ions the operat ion o f this invent ion is ex-
open por t in a laser system in bo th subsonic and super- t remely ef f ic ient . I t may be possible, i f desirable, to in-
sonic operat ion. corpora te feedback wh i ch alters blade inc idence in re-

It is a fu r ther ob jec t o f this inven t ion to p rov ide an sponse to any leakage detected. Beam ext rac t ion can 
aerodynamic w indow fo r a laser system wh i ch is eco- " take place ei ther when aperture 18 is " c l o s e d " or when 
nomical to produce, highly rel iable in opera t ion and i t is " o p e n e d " between blades 20. A t very high pressure 
wh ich uti l izes convent iona l , cu r ren t l y avai lable compo- rat ios, staged b laderows may be requi red. 

S U M M A R Y O F T H E I N V E N T I O N 
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FIG. 3 best i l lustrates the requirements for construc-
t ion o f a blade 20 in the aerodynamic w indow 12 o f this 
invent ion. The perimeters set fo r th in FIG. 3 are repre-
sentative o f a supersonic system. Simple two-
dimensional supersonic theory predicts that a pressure 5 
di f ference o f approximately 0.5 the ambient pressure 
can be supported by a blade 20 rotat ing at approxi-
mately 2.5 times the ambient speed o f sound wi th the 
blade 20 incl ined at approximately 6° to the surface 24 
of the wal l o f laser 26. The length o f a typical blade 20 10 
would be approximately 1.24 t imes the diameter, d, o f 
the aperture 18 o f laser 14. The angle o f the blade itself 
would be approximately 1° wi th respect to the bo t tom 
surface o f blade 20. In addi t ion, i t is desirable that the 
blade 20 be mounted so that its t ra i l ing edge is approxi- 15 
mately 0.7 d. A n aerodynamic window 12 o f this inven-
t ion bui l t w i th the preceeding geometry would have a 
pulse rate o f approximately 2,000Hz. 

A l though this invent ion has been described w i th ref-
erence to part icular embodiments it w i l l be understood 20 
to those skil led in the art that this invent ion is also ca-
pable o f a variety o f alternate embodiments w i th in the 
spir i t and scope of the appended claims. 

Wc c la im: 
1. In combinat ion with a gaseous laser having an ap- 25 

erture therein, a plurality o f spaced blades located ad-
jacent said aperture forming an aerodynamic window 
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in f ron t o f said aperture and means operably connected 
to said blades for moving said blades in f ront o f said ap-
erture at a predetermined speed. 

2. The combinat ion as def ined in claim 1 wherein 
said means for moving said blades comprises a disc and 
a motor operably connected to said disc, said blades 
being secured to said disc for movement therewith. 

3. The combinat ion as def ined in claim 2 wherein 
said aperture is o f a predetermined dimension, d, and 
the trai l ing edge o f each of said blades is substantially 
0.7 d when said blade is located in f ront o f said aper-
ture. 

4. The combinat ion as defined in claim 3 wherein 
each o f said blades has a length of substantially 1.24 d. 

5. The combinat ion as defined in claim 4 wherein the 
leading edge o f each of said blades is substantially 6° 
f r o m a l ine parallel to said aperture surface when said 
blade is located in f ront o f said aperture. 

6. The combinat ion as defined in claim 5 wherein the 
leading edge o f each o f said blades is formed at an 
angle o f 1° w i th respect to the bot tom surface o f said 
blade. 

7. The combinat ion as defined in c la im 6 wherein 
said predetermined blade speed is substantially 2.5 
times the ambient speed of sound. 
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