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In l0~~l the Tmii  ted T’es ’i u o l o o i e , ’ Hecc ’ar~~h ; ‘T~’ :, a ’ c d ’’r ~~o’ ’k a c~~’o’o” of
aero j or oj aji ’  a’ir ,dc w ~‘~‘r f o : ,’j : ‘cr c or t ical ,  qual t -t; .’ u,r ’.~i~~r A I r  IThoce  O f f i c e  c f
A: en ’. f l o  h erea i - ,c i , T o r i ’, r  a ” ’, E lhT ’  ‘ — c—~’— D3l . :‘~~~~~~ 1- The ’ Ci rc A :.‘c’ar of The’

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ r’c~~i~~,i ( i .~~., Cr::, aacr — r’.’ 1, J” c ’~~ , roca -t ,  r e : ’l e ;- ~l , :°“~~)
a o,’. ;lt i— str eo: ,  aaa1::~~~r a1  ,‘ :~ r a y ’  wao’ deve’ic’re a to’ c o o s - i t s ’  a f l cv  f l e l~ ‘ic c::,—
St a c:’.:, :‘ror’, a rCO ::,L C ‘crr :’ ’: Su c h  a: wc ul ~ I. e are  in a roi l I _ c,~~ ’ra , er ; A, f r ee — oc
acr’ cd ’,ora.o’ic ’ cci:: Icc , ’. .A r’ .ncrs ’a’  ciR cl e cc’s: asa’ ’:’r’- }. l c d  t icc ’ci on t h i s  ~s’oc’~” au r e  air .

S cal c u l a te  t h e  fl e a ’  f i c i  Cc’ s an cxl  :~ in s  ocr -c ,h ’ ao— , i cci:; m c i  devi ca : •
:c’l’: ‘c~ to’ ci’. re use d t o  C ’ c L ,” u l C i t ”  t : c eCfec~ at ’ the ’ ‘n ’ :r, arc i c w l: , ’i ’c. ’ f lea’

‘so a I ”  . ~r. l ace r Lear . .  The r r ed  c’, ed a , ’ r -c ,dc-asj cic feo~’ user ard  the e sti:,at cci
e f f e c t  of t h e  f l ’sw oa the  b c’::- 1:0:, W I r e  i n c -a , ’:r’ca l oa’” c ’r :” :,t  w i t h  e : -: is t inr
C .‘

~ 
+ 1-c r al ~“ c” , c ”~ a

c c f f : :-t v’ , ’ ’i’. c- steel to a surve y of e X l , ” R ir,c- t c ’c h r , i  ‘sues for  r r : u i rt i r ~r t h e  e f fe c T  of
5 , 1 ’ ,;, . ace  so a loser  be ’s: ’:. Ta” re:’’cj, ’, , ’ of ~‘he ‘sl”~’:e ‘~‘o o s i o n  are rca ’:- ° ”

mc AT — I L  —
“ ‘ ‘ 

, “Acc rocioaa:ci C “1 : erfosrc’5i ’ic’ ’ ’ : ,  r t  i cal ‘cal t I c ”
1 . .,

‘
. FIoh ’- : ”’o , El. A.  -Ni c t’ or , i t ’  N .  ‘ ‘; L: .  A ur RSs :,ar , aso l for oh ’ r c u l t i — r t r ’ o : ’ ,

i s  c o : . - ’ i r , ’ i  I’- ‘ ‘ ‘ 1  _ :, ,,. ‘ : _. :, “A W c i i i_ ,V * y,~~cV , T o ,~c r : . ,s r I I l c, Tl~~,.
“:‘ .“‘ol:e i ~‘:

‘. : sY” 
~:: I . -I. T’l a l~er ’ :’ .

a r i s c  ‘c,c’c’--.’ 1, 1’ . th r o a t ,  Tecen te r  ~l ,
or. or.  : ‘ ‘ ‘ “ ‘ a . of - o- .’ I: ’ , ’ ’ so.’ ’ I ”  m of a l a ce r  tear. w i t : ;  a

:‘,~~c ’ i : , ~ The : “‘ ‘: tj 0 1 fo r  c o u s i n —  l a se r  t e r~ .
dc ’rs ’ .;ae l a i r .  a’cr~ re- ce . ’:.’ or , ; c m , ’ a o l  “ : :  r e o” i ,~~: to ‘,hc ’ or _ i s i s  of t h e  ia f i ’ccac ’
of oh ’ s” e f f ” ’~~: er ,  ‘ o’ l’ . .’y r ’  ‘i . e-.:- a r ’ . rec ii,’a ’  . 1 . A :, cJ: i  r er r e r e o o l r ,s dcc
t a r i ’,sl~ ’rct e . 1 : i e ’ s a l :, :, Th’ s ”c ’ ’sr i c r ’  as d i :n r - ’ ’ ‘ a l e  “ ‘  a,’ :. c- I r ’r ” cr:
l a c e r  r’ r o ; ’e r r , ’C l I C  c c m :  C ” : - :’  , l ’ r  I : i .  F : ’ r i r s- ’ ,” ’.:c:c’r-e r ’s fc :-r’ , ’ “ o rieaca ’cr” “ a , ,  r e a m
co co s”  r e-as” f ’ i ”  ,‘ ‘ ‘ ‘: ,  cc l ’ ’ . :;  a . l , ’ ’ . i le scave ’ ,,, ’ . ’o-’ . r’rot~ b a s ” r  ‘bear , t r a ,:r , i ” I e d

- s’ ‘a .. ’ : .  - :h. ’ r - : ’ . . a’ • The: roear’ ,; rc ner ’,~ , ‘ , r o d e  us as a ‘‘ TEli’ —d ev’:Io: cc
a. ’ a r- a’ ’ a ” ‘ ‘ a i lue , ‘hose ’’ I ‘ ,a:’~ ’ f ioU ’ ’ ’ uotot ons in  excess  of

crc ra d ar. a ‘ v I a  I ci s c” A : , “ r , r . “h. ’: . Th’ :‘l ’cr o ’, i c : : s were scaled  iaverse ly
I ’  a , ’’ - I ’  . ( ‘~.r , , ‘ : ‘ e ’s I r a ’ 1 .~ 1’’: scar e  a c a sh. t ’ a1 r —f  ‘c - li  : ,~~‘, as its’ cca~

f’ s, : 1.’ a s : ’ -  ‘ ‘ “ ‘ ‘ h :  ‘, a’ : “ r - ’ ’ . T h I s  work is r-er ’s r~ ei  Ii’. m- , a’

‘“ ‘ ‘ f - ’. T ’r s i ’ h ’  : ‘ ‘ ‘ ‘ i a ’  l ‘ a ~~~~~~ i- e ar ” ha ’ F. ;‘ . h o c  , C . N .  Nar”'r

- ‘a- ’ . A c ’ r ~~ ’~~~~ ~~‘s ’ ’ ~ ‘ a r m l :s ,y ’ m to : :  of ~~~~~ i r ~s~,, : c i s a A i c r : of  ri c’ro~~:: a a u-i c-

seT ra’f c ’ w r ’ ’ r ’ s— c ’ :, ’ ’ . a n d  ‘ a Sa l  S’ i ’ s i  I a’ . Ar ; av e r t  t~~a ’ : on ‘cf he’ i r t  s ’r a ct i  c’:’ he~ ‘~‘ ‘a a:

~v’ ’ r5’  ‘:aa.r ’,1c ~~ r. ”vw . , :w ’ , , C 1 :0:0 ~ ‘s:~~’r ~ a n d  leak is- ’ i a: ’ ~h e  aerod’.’r ,ar’,i c w i n d o w
sea:’ ‘‘ A rt I : ,  j m ’A. :~~: ~~v, ’ ~~~~~ ‘ 0 w a s ’ :  ‘ i : ’ . ’’; ,Icm r ’in~’ ‘am’ ri,’raod , aaua~~’ 1, T 7 ’

‘ “ c , ’’ ~il , i f . I ’r .  ~,c- .- :: . l : i ’ ’ c c ”. ‘ a , ’ r a n c~~~ac1 lnvc ’s~ i ’ a ~~cr durir. e- a’ t I a ~
c A l , ay , h ’  an ‘i s. e t o r:r ”r : t ’ ’: d I r— ’ • ‘“~ I + i 1’ . l e ’ c - h j r ; j , ’a l f ’ C t ’ , ’r t  . C cj ’n ’ f i r

0 r ’ i  : a u r m or t  Cr’ r. A~” ”  ‘~‘n. t r ~~v i ” i . ” :  t :: A ’ . Fo~~ ~ Th u r .  ‘ ‘r , ,  ~ r- . -r -as-
a r I a ’’ “, ‘ : r ’’” ’ : ’ a ’  ‘ ‘ e ’f t ’ s ,“ : - v’” C c - i n ” ’: ’ .
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An experimental program was con du c t e d  to i n v e s t i g a t e  i nc  scarce  of t he
leakage ao rss s  a f r e e — v :r t ex  a e r :  d y n am i c  w i n i e w  ar t  to exa_r- , t r e  metho ds  of r e d u c i n g
th i s  leakage . Ch a r a c t e r i z a t ion  of t he  en d w a l h:.s’. iar ’y T O m e s  fdi w via  CL c ’s

‘•‘i su al iza ’t i : a  te sh :ci~~~e s ant  r a i t :t  ;re s :care  r ,easure :.er ,ts  cast ,; .: t s .at  t h e  er c i w a _ l ‘a”.

• l aye r  f l e w  is de f le c t e d  t :war ~ the fr ee— ’::rte:- ’. seater  a r t  p a r t i 0 0 0  of it  are in g e s t e d
in t o  the  sim .datei laser  c a v i ty  c . s n r~e .s t i n g  d u c t .  Pas~ I’:e h:.ii’.t a ry  L acier c : rst r : l

means of a base r e g i on , o i r cu ,-c f e r er t i aL  to the  s i mu l a t e d  laser cav i ty  c c r c n e o t i r a c-
t ru s t  apertuc ’e al c a s  the  f r e e— ’:oste:.; iar.er to’ .ar caary , ‘decrease  I t he  miraim ’ur . c :n r~e :c.iaa-
du s t  rre :s’ure :‘r ’t a :n at l e  C:’:: 71 to 16 t o rr  ‘a r et u c ir .r toe am c ur,t of endwal

layer f l e w  tha t  was iooec .te i  by t h e s cn a e c t . Log d u c t .  Ac t ive  bo’u ,dary
layer  o~~:’.tr :1 via eoerci :at i :,n wi th .  M~~h v e lo c i t y  a ir  also reduced  leakage int :
t5,~ toan -. c-Tha t  t a c o :  b u t .  ‘r e . ’a u . . e of d-,,1:t’.rtou: i s . a cr a : : Lor .: of t h e  boundary 1av-~r

w i t a  the  n o z z l e s  ‘u ses  to  in~ e.r t t he  energ i za t i c : .  f l o w , no net improvemen t  is.
v a lu e  of the  a o . bi ea t — t :— c a ’c l t v  lr e s s,~re r a t io  e’:es’ the  ~a:Th’:e bc”cr’at ary layer

o :ot r l Ce ch a t  ;ue seas a t t a i n e d .  p I T s :  , it was des, . n s t r ’ote s  t s~at the  f r e e — v o r t e x
aer: ivoar,ic  w e-h ’s cx:: be use ,j  to ex h a , s t  .,roe i-a c f l a w  ir a:,  the  si rauj latet  laser
cavit :.’ c c : a n e o t i r o  t’u~ t w i t : :  ut s e v e r e l y  c - :~~sre -,i a ’ t a s it :  p e r f o r m a n c e  as ar. aerotc ’:’.a r,t:
w i n d . -.’ .
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The ae ro tv ra r, i c  w i n s ’ - ,’ p r : s- i des  a sea :. :  f :  r e x t ra .”, i a s  c-s.c o u tput  laser
team fr::. h i , -h— r , ‘se r l ase r  ,, a a v i t i e ’ ’ L : .  w a i c : ,  t h e  : , L , s: .  ‘ :‘V ioal f_ -u,: le-,-els
c’:’eni’r i t  the  use  . f sal Ad a-i: , i ’w : .  A. ‘,:.~~ ai ;’~’: . ce .:‘ a w ini ’. w , t h e
rre s:,cr e d i f f e r - ea se  betwe e ’ : d.c ,a:c-:- c a v i t y  a:. I e:.e atr , ’ ::aese is :~~:‘r: r t ej
t~- t h e ch ance  ia m:rce ::t ’ur , of t a . ~ a r c: , :. i .a aer - : ts’ : a.-’. L : ’sc : . , i : w  f , , :w seh’ L c is  se~~I c
the  : t b c e r v i s e  c-p er:  p : r ’ t . F’::’ L a s er  :a’: i tIe’z a s  e raC~~nc ac- s,- :’~t : : r ’p h e r i c  p r e s su r e s ,
t h i s  seal prever.ts dist’u,’l’an:e of ahic  la s”r  c ’ a vi s :  by is~~’st i c r .  of  a tm o soher i s
cases.  in e v a l u a tin g  the oer fst ~a.or.” - s.f th e ae r- i c- r,aLa-’. is  wi nd ow , the prirTc a~~.’ areas
of se::serrc are : ( I )  the ajnc’uo~ sf ma ss  flc’w re s u i re i  by th e  aero ivr . arcic window
to oreolace the te ar I ret mcmerctur’, chance , (o )  the  at’.i l i ” V :: of  dice ac re dvs~ari c w i n d o w
to tra asrau t the laser beam w it h  r—,:r .:r-,’cr- , or t :c al  ~au al : t ;  t egr a dat l o n , ant  (

~
) toe

effec-  iverces s of the  aerc ’ dv oa,’sh c  w i r ,t :a  i s, Tr ~~cen t i : .~ or- cor’,t r e l l in r -  leakage of
am’s ie.-os gases i n to  ti- c laser cav:ty .

E x p l e r a ’ , , r c  t e s t s  wherei: :  s ea t e r  sea: i:1,~e :t et  in t o  t h e  e n iw a l l  reg ion  cf an
aer : iyr amis ‘s i nt ’ w f l’. w i n l i c a t e c  t he  leak ace  pas t  tb~e aer:I :.-s.aroic w i n i : w  i :  Ic
as c o c i a t c i  w i t h ,  the en iw a l l  ‘ao’.ar , i ’tr l: , a::ers . A c ’ser t i a g lI ’ , dice preseat  i r .ve : t i sc-t i ’o n
was ‘ur is r rm_ -s c :’, to explore the  j s.’errelaa t I er. t ’edwee a the er. ciwall t’o.ru -cdary l ayers  an t
toe Leakac-: caaraatesis tics of t :.e aer :  iy ’s.a:-’, i c  w i n d o w .  The e x p e r im e n t a l  e f f : r t

.a l i z a ’,  i ’ s .  :f  t a .e  e r . tw a_ l  I a ur.:a ar :  layer f:,ow , p i t ot  pr e s s ure

o A r ea : is .  t h e  e:.::’sa d. a -er i e : . ,  ev a l  ,,ati::. o f  al’t e ’r - : .at ive  aper ture  c o n f i g u r a t i o n s
r e d  ,se ’ Leor:a ,ce ~‘L :w , t h e  exr l :ra ti : : :  of th e  use of en iwal l  ‘bour~darI , ’

ea c r i- i c a ’,, c- n t ’  r e d u c e  l ea~-:ase a n :  :€t-:’ a oa , i:. o a - I : r .  of  t h e  capa ’r i L a t v  of  the a e r :—
‘a - o as: i r a . ’~’ f low Cr::. tto t’.~sc r c n r ; e st i n g  it  do the  laser C a v t , - .

2
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A p p l i .’a t ior .  of an a e roty n au r i e  w in d o w  is i l lu s t r at e d  in  F ig .  I .  Is, t h i s
e x a mp l e  toe aer:oa ’oar. i .c  w i at ,’ w ’u t i l i z e s  a :,, :: le wi l d: de lj ’ :e r s  a ‘ ar .j f ’r r  o a s e s —
s : n i c  f A d s e  a ”. i t :  e x i t .  The re-r ,eno ,s’ ch a n g e  req,~~is’e:i t o  c a r s a r t  t Oe  p r e :z ,are
d i f fe r e n c e  t e t w e e n  t h e  s’ur:’~’ ’ an J i ngs  a:..i t he  l a w  o r es :  o”:’ L a se r  ca -CoI l :  is as cc - sa d I i s :e

• t y t ,, ::. ::: - t h e  :c:::lc e f : ’ _ u e n t  t a r e o a~-:. a:: e x p a n t i o n  far. ( Fe C : .  1 , 2 ) .  ‘ eo ’ ’ ” ‘ ‘ ‘V 
c-’ 

V

r u:: al so be o ’ r c - i ’.;se u ‘usir e- or , o t l i~~’ce sh ;cr :  ( F e C .  I )  or c a r , : i : ,a t i a n :  o f
a:.i : ‘ s l i o u e  sh a c k s  (, F e f s .  ‘a t h r c ’u c h  T) ru:a’::str-~ aa’ f i .e nazzle exit.

e f f i c i e n t  La se r  oy st e r : : it is d e s i r a b le  to mis . i :, ize  t:.e as ‘ s . C

of C l e w  neede d  to tri’:e the  ae rodynamic  w i n d o w . For a g iver .  pre :s~~re di f fe re : : c e
b etwee: .  t oe  laser ’  ao,i the  su r r o u n d i n g s , t h e  moment um change cC the aero .tynas,i: ’ se i r . t ow
je t  is  f i x e d , ta , ,,s the ‘,‘eot:r c:,anes e is. j e t  v e l o c i t y  :.ast be max i z ’ i ze d  i f  t h e

Claw resuireac :t: are o:~ be minimized. A s su m i n c t ac e r .ag ::i teoo
of t : c- .  j e t  vel:.’ Lt :: t be ua ,’b an g e i  in f l :w i a g  o v e r  the  a p e r t u r e , it f a l l : ’.’: C a s e-.
t o e  as, . .c.t o f  f l o w  t ’ur rin’-  extmer ie : .se t ’::: t h e  xc:: d y r a r , i c  w i n d o w  je t  m u s t  r e
aa xi :’:i :et .  Toe asc:’,eot ‘af  Cl , ’: o’ .ar: . in c - a t to i :;e t  w i t h  aer:tv: ’.ar .io a,-i :,iows enr l, a::i ne .

:: :zz les  is u s u a l l y  l im i t e d  b:i the  s tr e: :cths of  the  she sk:
a rt  e :-s—_ a a : : i 0 a s  ao l  ‘a s  t:’.e :o,’ c - , ; i:-e:,eot f :r  effiaie::t ex:’,a’,ac - t c-f t h e  a e r ad :cnar,io w L A d ’ w
f l a w , lice fr ee ’— ’: : rtex  aer:ly:.ami s wj:,I.w of Fig. 2 (F e : ’ . o .) u t i _ i z e s  a sup IL : :  raa : :le
wa t c h  is:. ’,’ i tes  a ::. n e- .i f :r :a, s  u r e r s o n t o  j e t  wel l  s , i t et  tar larse a o a ’,aa t s  :f f l a w

‘The f l o w  i : s;ia s  Cr ’ : t h i s  n o z z l e  Is  c oa r a :t e r i z et  I’: a fr e e—v:r t e : ’ :  
a

ve .., z ’o i t :  : l st r i i a ’,at i a n  w:.e rcai : ,  t he  fAdse  veeocit ’ :  v a r I e s  i rversel ::  w i th  one r a t :
of c uc”:at ’, r : :f t h e  j e t  at S a C  s .az : l e  e x i t .

A o r : z s — s e : t i a n  o f  a ThIL  sc .. :eg f r ee  cau r tex  w i t h ’. i t s  c i r c u l a r  arc st r e w a ._ i :,e :  V

is ::.. cin in  F l ’- . ~a. The i i : . it i r . - r a d i i , F~ an , ,I F~~, where  t h e  lcca l  ve la ’oit : :
r a t i o s , 7/a *, s a r r e s p a n i  to ’ ‘un i t : , ’ arc s i n f i r . i t e  Nss o i ,  ra ’u,-o t ’er’ , respec t ive ll .’ , are

.‘a t e i .  Toe a e r , s a  oa si s  wi:. h a ’: ( F a g .  .1) u t i l i z e s  t h a t  :ersa.er.t .:f toe free
Th)  ha ’e- . ce ,’i 1 : ;  t h e  inn er  and  : : te r  r ad i i  F . a:: 2 and  i : .c l A de ’:

Cl w t u r n i n g  a ng l e , d l .  Toe w : , i t l ,  of t h ~’ se,-r e a , ’. :. eo-mal t: t h e  pla::e of i i i - : .  2
aol  is f i x e d  ‘a :  t :.e vi ‘Id: of the  a p e r t u r e ’  t ‘Lc -  s e a l e d .  l’y s e l e o t i r ,g t h e  ‘~‘el c - s i t : : ,
* ‘ ‘ ‘ ‘ ‘ ‘ V  ‘ , ‘ V ,  ‘a , a rc s t he  t , l a_  r r e s su r e , ~~~~~~~~~~~ or c o m s o n a t i e : .  w s t r ,  eoe r e e— ’~’araue ..  ve~~oc~ , . a:.u

pre:eo,re t i st r i t . ’u t ioas  (F i F - . Is ’ the  s t a ti c  p r e s s u r e s  at F and  F .  can he a ot s i ,e d
t ’  toe  laser  ca-,’it v  a r t  a:,’r I e : .t  preso;r-es - an d F ~~,._  , rec~~esd i’.’e l y .  V i t a .  c - n e- J-’,c-5’
f l _ a c o r s d l t i :n s ,  m a t c h e d  in  t h i s  ra arcne r , the f l o w  over the  ap e:’ture  is t : a r a .e
gra s~ a l l y  by ‘a r e  N a a h  line :  .of the s u p e r s on i c  f l o w .  f i n se  t h e  f l o w  t ’ur: .i : .s
r r i a i s .d a o r e a i  by t h e  Va o a w av e s  p resent  at the n o z z l e  ex i t , s t r on g  shock  wave ’s  are
avo i ded , t h o r - c r y  o f f e ri o s  the  poter .t ial  for increased  f l o w  t .r n i n g  and r e :  r s e t
s u pp l y  requirements.

The orig inal  a p p l i c a t i o n  of the  f r e e — v o r t e x  ae rAdynars ic  w i n d . w c c n s e p t
em~~~o:,.e~c a m u l t i — e l e m e n t  n o z z l e  to a p p r o xim a t e  t h e  .cupe r s c : . ic  f r e e — v ’ r t e x  f l a w

(Re fo. ‘~~, 10). The free—vortex velocity distribution (Fig. 3c) was api raxim ate
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i c  a s t e h o e . :  p r a C A _ €- p r ’ , d u .’e : a .  a ,‘t ~~,.’k~’l a r-ru :: , f s u r e r~~a r . :o  : .eo:  es .  ha ‘ a ,
element  of Sne  ar-s-a:: or :  ::u,a e a :  a :’_ a ,ri : ’ :’es i : ,g a:.  ‘l’-,ci , :, . r -e o r  and  s t a t i c
f r::, the  f _ c - a  i:s’.:in s fr -or’  to.: a C ’ ~ ,’ ’:. e_ e: ’ .e::t . Toe f_ ’w : . i s r a t a a ,

_ ar ” e t - ~~”e : ,_ ”” V ~~~
_ _  

“ “ ,, , 
~
‘ ‘ V .’ ‘V ,‘ — ‘V

do- : ,, “ t: .e f l a w .

e

F -  i s .  F i r .  2 ) .  The ‘ rt i o a l  d i s i a r ’ t i o n  due  c- , t .art , ,lence wi t b : i r, t hese  s h e a r
La :.er :  is 0 0 Ca_ -ac:. l a t o  r i s c - ’  c ’,t  in  a:: i : :v i s c i d  a::al y s i s  . The e f f e c t  of ts,e :e saea :
l a::erz .5. t a t ’  p t l : a l  o’e’:cie : c - f  a l a s er  hear  wa s t: :e s aA’j eot  :f a s e o a r . t i n v e s t i —
gaol .:. ,.:.ter t::is s:ntr’cst. A tiscre ’V e— :pb :ere t :r ’s ’,.I~’s.ee mode l , f a rr ,’, c l a t c ’ d t :  a s s : ’0r .t

the i:,t.r.s.a:ti::, c:’ t:.e _a:er ‘sea: seTh:. sh ear’ layer c l u e s , is  t e sor i ’s’a ’i
AL : :  te:,’v - i e o l  in F e C .  I I  are th ’.s ’ s- o’eo,lts of  e x : er - ir ,~ s.t s in w h i c h  a w i d e — ’r a:: l

rca.:  .ar - .c- :c-a ’: . c- t~,’:::ni  c-ac w:.: ’,;se d t o  r ” ea sa r e  n e a r — f i e l d  rear : so’care pha se  f A d s —
t ,,o t i ns in  a sn-car  ~a-:e r .

r E t  r ec en ’_ _ y  r r l e t e ~ ef : ’ : rt  ‘us. a e r  t oes  ::‘. v’ar c t c ’ a t : ’ s .  as t or e s t :
awar d :  tb ,e or ” :  Icr . o f  lea.-:as’. -f  i-a: es soo t toe ae:’oo:. ::ar.i : w i n d o w  i::tc - oh :: l a s e r

l A s : ,  le a”.as~’ r e t , . :e’s tz ’,~ e f f e c t  lye::ec: of c - a c  :ea_  r r c ’e o se  ry  one a~ r’ . —

usv,a: , i : w l :J , w .  l:. :,oc , ’: u s : .j c a t i , :. r or .: lear: a,, , -e t a c t  t he aer _ t l.o:a:a, :c w i : , s  w o o
‘ace’ s to p ~rse t h e  d u c t  c a ’n n e c t . in s  C:..,’ ocr ,  ds’n a n l c -  vi :.s’:  t ,  O ne  l a s e r  c a v i t y ,
t he reby  e l i sa , i :a t i : , e - p - t e a .t i a l l ’;  soa~’-: .a:.o go: z :’:.e: in t he  tear, p a t h .  Howe ’:er ,
‘aesaA _ ’~ laser :oerati , : , c-a: .  be s e _ c c - c a - i , a d :: a f f e . ’t e , : by this leakage (e.s. , t h e
l a ser  d i f fu s e r  pe a- f :  rr ,ance r a’: ‘so ,i e i-ra.l e a b~C leaicos e o f  j a w  no .ner ,t uao f l o w  i n t o
t s~~ la s e r f l : s e ) ,  i t  i s  inr’ . r t a :’.t t .  Ic  a t _ c  t a  s : n t r a l  t ::e I e a k ar e .  In o the r ’
a s T hi sa t io n s  ( i ’ e f .  l a ) ,  a ace- u ’, i - - c  l eaka, -e (a  Ceo a’ f r a n  toe  c o n n e c t i n g  d u c t  o ut
t : . r a ’ u gh  the  aer’  u :.nar.i c vi:, t a’ ) ma:.’ be ‘d e : i : e d .  The a b i l i t y  to’ supp .a ’rt a
n eg at i v e  leaka, -’: re ar  A i r e s  s . c - c -  :01:: e l im i :j a t  i ,: : of toe leakage frcra  the  a e r a  dv::ar, i a’
w i n d o w  i n to  the  l ase r , A ,  als’a as pi r a t :  or: of t h e  f l ’ w  fr . .r the  c o n n e c t i n g  ducc-
t y  t h e  ae r ’,, .:vnar a .i  : w i t , : a’ .

As ,iis :’ ’us:eal at a” , t ,m . m ’ p r ~~s. us” d I f f e r e n c e  a c - s - c - s a c  t he  aper ture  between
toe  at: . o r ::’:’. ar, : a I ‘w r r so:’ur ’ Ad a  er c a v i t y  i s  sup ~ ‘ s c - c t  by a change in no’me: :tu.n
of toe aerodynami c- w a n ’t c w  stre ’a:, . I f  it i s  a s su m e d  t h a t  the m a g n i t u d e  of the
average vel~~o I t y  is u n c h a n g e d as the  ae r_ ’d yn a m i c  wa : : ’ha streanr crosses the  a p e r t u r e ,
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7. , ‘ i — t

t ag  :, ::, ‘r :,t  a’, ‘h ’ ::.,.’e i s  t h e  a - - sa lt  c: the  ‘h ong” i:. s’tr ~aria , ‘j i r:’ ’ t i ’ r c  r . ., y .

J,cfo’r - : - i a . s  to FL-a . 2 a t .  a F , ‘he .‘tssc - c ’a , I  b c :  of o r , ’’  f r e e - ’: s - Oc x aer’ ::,:a::. c
a la , :  a: :“ , a ‘ c r c  l i ne . ’ a ’ : ’ s :, s ’aot  T a t c h ,  s. a r i a- , oh.  :s c- : , c s ’ ::, ’ a .  t S r. - : ar . s~ is s lel : :

ci ,  toe s : , a I a . , ”,: i :, C: a’ h i : - e ’ .c -t i  a . )  The y c A o c i ie :  1:. t:,e 1 ,Ao ,:aa .

a . : .  d.c ~~~~~~~~~~~~~~~~~~~~~~~ ‘ w Ad ‘a e:, a’eo l _ : ( t i~’,.’ a’a , .,~: ‘ ‘ar-a ,. e I c - c  s_ b , :  p _ a a c  :‘ t a ” -
r’a:~ ’r’ h a ,  ~~~~ 2 )  o r -  1 a s  ‘ a’.:. i:. c - b . c i a . ’:ls .,’i r ‘ ‘ a’ ’’ tad ’ ’:. ‘A t: . -’ ur , aa o: ’ :

‘~‘ w e r-e - ar e a s e r - i ” :  c-c t ’A’ .ca.- ’e :e ’s c -  C .  ‘.,‘ -  ,r : . i : , ’ aS ‘. a . ’~ ‘ so, ’ C .  w , t a , ’
.~‘ ‘ . _ : L’ ,,c, ’ s ’ i a , t s _ a l e  , : _ ~~lt :, C s _ a .  a a , :oa ’ :  _ a:, ’ t , a Cl a ’ t o : . .c’ .r ’ ’.

aa -e : .a ur c  : i f : ’— a a ’a a . ’ t, h e ’w c e r ,  to ,, a ’ a’ . . ’ a i , : r ’- a:, : “he  ,eo:’-’r’ ‘V a v i ’ ::’~’
a .  ‘1:, ’ ’ c ~~~~~~ a .e-. o, of  C : , ’ ’  a-c h , c - - ’i a~ ’ss . a ’  s s’s a - c  ‘ a s s _ a  :l i - ’: lb t i , -’ cc-dad , is is—

are: , ’ a’:’ u . - r , ’ s : ’eoa’ i:, 1: , ’. t a . : ::: : Lose r s” ‘i a . .  “V‘
~~~~~~~ .‘:‘ok ’c’e f I , w all’’:: sac-es

a ’ ’ ~:. h , ’ ,yc  :, 1st .rc r ’’.a ~ ’a’~~~~a . :e’, l : . a a , t s : elet er i  ,s to  ; t i s _ a r a ,  l a sca-  a’

ceo :” . ‘ ‘a, : a : ::,t eo,~’ l a s~,’s ,‘o’ .: c - : . A ’_ c ~~~C : , l :  l-- a~a a , ” :‘l w :‘,.‘.“ ‘a ’ . s- a’ ‘:e h Cr
‘:ia t : .e a i f : ’ .:s es’ . c - p d  c-~ “~:‘: b .’~.,:.:’ th .c  l aser  ‘ovit ::  fl ’s . ‘d.c sea ’:’ a’:,as a, ’e

of ta . ea ’ :e’:lce: is 0 :’: i c - a l l :,’ ,, i :’ , I t c  : ‘ a’ pr’e:cri’red oreroti:,~ ‘a:,-.’~’i ‘or :  and c-h ’s
a e o a l o i ,:, of _ a Toeb :.,a : ’ , a ’s - l eaeo ’e f I a’ r er r c ., a :a  s _ c -  a s i t , a ’, l ’ : . w a l s h ,  a i ’.’e r :elv
a C f ~~c t . ’ “ h e  si ::’ c - c - a -  : ‘ ‘r o t l  a .
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I
E~’PEFIMENTAL PROGRAN

Ac-’. exr er ’ ir,e:ctal p a - sc ram war’ c o n d u c t e d  to det er ss_ i s.e i s ’ c r a s s f l o w  in the

en d-sal I ‘r : a i n s a r c  la ::er ci’ a f re-:’— ’,’.r t e x  aer ” t . - r. ar ,ic v ia . d : se  was the  s o u rce of
leakase i n t o  toe l ase r  c a v i ty  so: .: ,  e c -ti:: s d u e t , a: ,d t o  ex r l o a - e  :, e th . ad :  o f  r e d . ’o i n s
tb : i: iea-: ’:se . Fl:a’ v i s a u a l i z a t i c - : .  v i a  i::k i s .j e ct i . : :  in t ’  th . e  ‘s o_odor:: L a’: :: ar. I

p lt:t pres’s’.re neasareneots see r-c u s e d  C a  sh ar a :t er i z e  the  ‘a’ :’.a . aba ry  la y e r  f l a w .
‘~~‘ r e t i :a  Is of bou’:ia:- :.’ la:~-e r cont s : l , c -n e oa s s ive  and one a c t i v e , we re love s ’, :—
gated 0: reduce leakase in t o  dcc s c - n s : e c t i r g  duo :  - The p o t e n t i a l  of  the f ree—
- - a r t ’sx  ocr - i-.’oa r i c -  a - b o , d ’ w  tc . ex h a u s t  fl ow fr - c - n  ‘tr .e  c a n n e c t i n e -  d u a l  was also

a ny c  t a s at e

Test  FIar’ ,.i. o’a.ent a:..b T h e r - a t i c - n a l  Fr : s ed .~a-e :

V . sd

Ti:e ocr a::nar:ic wi: . ,b ‘a sa id :a . , a:, i:: Fir - . c:. r r s i s .t s  cC t h e  s os_ply

n:::ie I c - at e  ‘h , o ’ s t r e a : .  ~a C t he lose:- bear. r o t a : , an apert~ re a-er-ion cer .tered on

toe l a se r -  rear  a’~~t b , ,  a::a a di  f f u o e r  sect  i a :: ha -s ins  inner  a::s o u t e r  d i f f e oe r

seal _ s s ’.”a :t ,— e a_-- Cr .m the l a se r  ‘r ear .  p a t h .  Toe laser  bear , path e x t e n ts  Ca-or ,
t a r -  as”  d.c a er : I ’::,aa :ic a”b :: i :w in t o t he  s .u ra - oaa r~d in g s  . T ar e

1:. 1.: :,:r,i::’,,Ad: size ; C :r- a :ar’,case 3. cl ’—c :’ aper t . ’r e .

Th€ f l a w  t i r e  ‘ c- l o s .  I:: F i g .  is from left to right . The nozzle exit plane is
ir.cl m eal at a I l — l e g  angle to  the laser beam path which in turn is inclined at 30
des ta tOe inner diffuser wall. The air su~ p ly is introduced to the nozzle plenum
t t r o u o h  a l .~~l-cr . a’.a. ro , ti’.en expanded through :  the nozzle having a 0.260 x 3.80—cm
throa t  tc deveboi c-he free—vort ex velocity distribution , and exhausts at the nozz le
exit p l a r ,e .  The design no zzl e exi t p lane  static pressure on the laser cavity side
is 1/15 at:, while on the atmospheric side the pressure is 1.0 atm . The flow starts
its arcuate path at the nozzle exit pla ne and turns through an angle of 60 deg as
it spans the aperture . After seal ing the aperture , the flow enters the diffuser arc-I
is dec elerated to atmosp heric pressure . Note that the inner d i f fuse r  wall is set
back 0.508 cm fr-or, the location of the circular arc (dot—dash line ) which consti-
tutes the inner boundary of the ideal free—vortex segment . This provides space for
growth of the jet resulting from its mixing with the gas in the aperture .
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The or, .ss sect  ic:, of c-J.e’ ar ’ca ’t ~: ‘e t ha t  t a . e lacer ‘a ea:a . p ot is  passes 0:. : ,
oa:: be chang ed  fr-s’s. a 3 .E ~ ’—c- :: , s , lu or -e  to a 3. .~l~~c-n d ia  c i r c l e  ‘or to a
h a  c i rc l e  by the  in s e r t i . c - : a  ‘ C a pyr - op r i a t e  f i l l e r  b loc s .: i n :”  the  3.
ss~~are aperture.  The f i l l e r  ‘s l a c k s  ( s h o w s , is, Fi g.  I )  arc s e c u r e d  is. p l a c e  ‘sit:.
set scre w ’s .  The su r fac e ’  of tOe f i l l e r  I I ,  oks ad~ ace:. o to lace aera ivr.ara a
w ind:’: f l o w  i s  p a r a l l e l  to  t he  a r - c -os ::’ p a t h  a e : or t o e  .1 0:.’ t he  r’ree v a r - t e a  f_  a
fr - a n  t h e  aer,”cyoam i a’ w l : . d c -w  n coo :,.e . Th i s  s u r f a c e  ‘~le:,.: : ta :. ”cat :al l ; . ’ a”_ t : .
inner  “d i ffuse:’  w a l l .  h ’e i , ; s i : . .- o a , e o r:’:: sesteOs :  o f  toe ar ’er tus ’e  ‘a :.’ ’ a se  Cf

toe f i l l e r’  t _ ,  oh: i: : tra d ,, .:es a ‘ a s _ s e  reg i:a ar -a’,~c,i th e  5i:.~ I a o e . : loser
c::::.ectl ::s duc t

s _ a r ’  is eat  a - s_ i a , e . l  al :‘ ne’ th e  :uter  j e t  :‘,ac - ,da r ’: a:. t ±ngead’ e
sot : one :,::‘C u se r .  Toe :u te : ’  : sf fu s e a -  wal l  is iesac-:,e S , ta.at i t:  _ e a o i : e o
ed ge l i es  on a lir.e e x t en d e d  f r , m  the  d c - a s_ a r c - r e a m  edge o f  the  ap er’ t . .a -”: an d
oa ralle l  a b c - a, t h e  l a r ’e r  beam sath .  as i r .d ic a t e d  is ph a :: tar .  or, F is . — . A .
:i ffu :e r m I d  n e i , c- :, o c - f  3. ’~s, cr. , m eaeo,re i a lo n g to Ad l i : e , was ~sec  d,A r l :.~’

pr ,.grar. . The ocr’ , iv:.a:’:ic war. ,c ’ ’: ate :’t ,aa-e is ‘cc ’n : .e ot e l  C .  a ‘,‘ac-~ ’5’
f :r- toe  a-er. :’:al “C an:: l e a k s _ s e  post ti le aer .  do’: ,ar, ic  wi : . s ’w’ .

s a c - eL. w as f o a . r : cat e s  us: : : ,: al ua’,:r..aa, , Oa r -ass  an: _ . c i t e .  s.c :c : z.e
c a n t  :ur ‘r I c o h :  are f ree—r,a : : . l : . i ns  b rass  wi . lle  the  r l en .aa , ‘a l o c k  is aAdz,lr. sa, . The
t le n uot end  p l a t e : , ‘r ose p i ece , ar, d irs :er and o u t e r  s i f fu . c - e r  wa~ ls a r-c al’u.s- , i:. ,uo. ;
t::e en dw a l l s  ar -c l u c i t e  to  pea -mi t  f i : a ’ ’.’ is ’u a l i z a t i a r .  e :-:p’eri sa ,e nt s .  All a t n e r
pa r t :  are al ’ jr :i :oaoa . T h e  ma ccl a-as sca ld  wit : .  ‘0’  r i n g  r .ater’ ial  a::d p :‘..r as _~
:1 11cc-s.c r a t he r  is. s_ a r :’. t r i o ’.: a r e a s .

T:.e anal :: t icos  setog :. cf t a , e  f r ee— -c o r t e x  s_ e r ’. ~h y::ar . i: wi a ’. .h a w  used in tnl:
a: ‘c- ’ c’u o c e a , t e c  ar. r e f .  I’; ta : ’ -  r : o e  a c - s e _ f  as t :’,e t r aper t : :  :0

Th-: f r ” e — ’,” a-t e a-: s_ er - c I’.’nalc ’,i c ed model  war ln:tad,led in t h e  T’TFT’ Gas “',- r: r-c ’t ic
,, ar .c. a-s_ t r~: as s, ‘- a ”  I t s _ n d  7h ~0 a i r f l o w  c e n t e r l i n e .  Thi s  i nst a l l at i o n  is s.ho~~c- in
Fl ,- . 5. The’ a i r f l o w  for -  c-A,: ae:-odg.’n araa ic w ir .dr w n o z z l e  seas supp l ied  by a
(A d .2 — at : . ) a i r -  curs  1’: r a ’ster .  w h i c h  i s  capable of de l iver ing dry air at f low ra tes

‘as to 0.5 kg/sec. Th~.’ p re :s’ure c f  the f i l t e red  a i r f l ow  at the aerodynar ~ c window
n o z z l e  woo a d 0 u o t ~- ’t by mean s of a han d operated t h ro t t l i ng  valve . A 12. °—at m
r u p t u r e  d i s c  located do~~i:t rea~. of the  t h r o t t l i n g  valve p a-ev e: : ted overpress’urir.g
of ta1c model . The aea-oci:.a-’i aroic window supply air  and a t mo s p h e r i c  a i r  ent ra ined by
th e  w i n d o w  f low were exl’ .u a::t.ed t h r ou gh  a 3 5 . 5— c m  d in  d u c t  to c -is: atmosphere . A i r

fror a l ’cr ”,0’~~~c -j  ( E S — a t : ) a i r  supply sy stem wa s used to  cur -p ly  flow to the end—
wai l bourni ar:,’ layer  energ ize r s  when necessary . Flow was exhausted  from the simu-
la t e d  laser caviL , ’ coon i ’r t . ing  duct via a l ine to t b a e  Stokes vacuum system.
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I

:..‘ t rur aer. ’ ’  ‘ c - ,  is: : l ’a t ’, ’ , b ’ t ’ .a c ’rdirc i’

Tire : a - ” aa’’ are , i s~ c - h a :  a a:zle so: c - T a  I e r . ’J r. a’i r~’ in  tb~ ’~ ‘L rarj a~~’ .3 la ser cov i
c-~sn a a c . ’t i r i s  ,‘lo :’r were m a - ar :  ;sr ” aP w i ’  a.  a c-~~too red a i n c - P a a l — l O P  tea-s Wa i l lace and
t o t,’ r :.a, g a irou r da : :  toP e c - ’ - :  .‘ ress.as- sour- : r ’c -~ 

, , . , t \a ,1~ :. The Cl oa r -s_ Ce of’ th e
ga :eaa e xl1o ;’a’t:i i’ra-m ti ’ie l’ra ’e: coa L1: C ‘ s a n , . .’’ i s_ s  duc 4 a- ,, ’ c ’s- ,: a; ’- : I aco rn s  ‘I s_ ta ,  o ” s u i r ” d
0 ’::: , a 0— 100 to:: and 1—10 or :’ P a l l o r - :  sar i l ’ it ’- r r ,  ‘on Pc a a r , ’ic’ a t a O  s : r e : ’s ’ u re  50 15’

sen:i:.g ‘V~~~~~ ’ a;: :0 :-ear: s _ a l  t og ,’ th r~~a ’ b’ ” ” c - s a r r - e,. ’ , r i  ‘ a ’:” ,at: \’i’ly, c C  a . P 0 — o r ” ,
l .an, ’ r a h i u s  flow m e t e r . All ‘los _ a ’1 a Cr e  aoa ’r-~:, -’,l ‘ a r c a - c r ’  a

~:riera,~ T e s t  P r o c e d u r e :

The f r - c e — vor t e x  aer~’i::n’~ca , :c  vi a l a  is ale.’: :, ‘r e d c - a ’  u s e r - a ’:’ a: ’. a;: a”,’r
cavil :’ o r - C 5 c - ’a a - i” r o t c - n  :r-~ 15 a ” s_ri s_e s ’ 0:: : , ,or ’ h a ’  w i - ’ , :. ‘s a - r O a r l : :  pr e s s u re  ef 10
s_ n i  a f low rate ’ of 0 .lT’ E i. :-:r- , / a ’ e n .  Ti ,E ” s” a - es , c - ’,;sa” c - a :  a ’ ’ a” - a ’a ’. ”~a - s _ ”~’ e a - i s ’ s i c  fo r c- he
aea-o.d’:r,a.mio wi s, al oa’ was cc-s I. i.’hio’i h ’, ’ ’’ ,:e ’ err ’ - , as t i s ”  atr:’a l ” ’ r :t — t ” — ’oavto’: p r -essaa ’ec-
a- s_ t I e  over a r aaase of  ae a ’aj ’:s , ’ur l a-  a i r ;  lea , ‘ a ; ’ , l:’ s r” ::’aa’’: • ‘a’i saa a -c 6 show s rress ’cr -e
o a r s_ a - a ” ,  ~i s_ t .’, C ’.r to” fa - - a ” — v.c-:-oo: a r ’ ~ - . i ’: :,as ’ , ic  a t : ,  l ’ s  w : c - h  a ~~~~~~ d i r t  c ircular
s_ p e r t  ‘are j ar s :  a Il ed  ‘a ’- t he  a d s _ al s_ to  I l, ’~ser c a i v i . t v  c c - ’ ’ , eo c- i : , , o b o o t  • Also shown I r a
Fis . 6 is the  e : :ve lo r i ’  of to: : r - ’ : a , ’ ’,c r-’~ srs ~r~:r - ’ c -h ar r ’a ’c - c - ’ r h s c - i c  es~~ah I c - s h e , :  f cr  the
0. ish i_ cr ,  a:’ er -’ur’:; a es: ’ ’s”,a:,a’e ar - cc - :11: thIs ’. ear -e l ’ao e i: :’licarte’i s. cc-a .’ p roblem s e c - t i’
t i e  ae r od ; ,’nar.i c wi:a ’l,”c , , ; ‘ ia’b ,  a c - a  nozz le  seal 1eo.k or’ a 1eai~ in as . i n c - c -  a - u ,:r ,~~s0i o:.
l ine . D i f f e r--a- ac t a-cs.~ ai r”’ c - u :  a c - s - c -  char ac ’- e a - i : ’, he :  were oh c - a , l n e ’ i  fai r d i f f e r e n t
s_ p”a’r- ”' acre :. The s c - -cc-s o:’ c -u p s , :” sb:s _ r s_ socr i s t  to for es_ c - i a  c o r a f i s a c r’ac - i o r ’, va r r -ou ’c - is_ el’:
de ten a in e d  t o er,:;::: s_s p a ’ ’ 1:5’ ,: b , a : i  de’;ra I s o p c i  w i t h  t i , a  m a c - c l .

Te :at p roce ’I:ar ”’s so e c i  C l e  ‘ : e ’rcb. ~ ’of oh’’ va :’io ’ur : ‘-hia , .’:’~’s ic-f  the  e xc - ’ca-ir : : :ata l
p r-a r-a ’s_n are ‘has. :’rl ’a ’ol w i ’ h ’ a l ’ r ,  c - a le ’  as a ’ r r ” b r ’ ia ’- ” s e ’ ’- l ’ ’ :  a - f ’ ’ s a-:’~~:r ’- .

a: -aw : i s . a a O r s a :on

Le akage across  a:, “,r ’ s- c - d ’,’aar .s-, i ”  w A d ” :  car :, b.e i t ’ , ’ ‘ “:0 ‘ ‘c c , tc laser  oper -a t  i n:; .
Th i s  leak a4 ’e rs_ ar. l C”:” : aL s el f  as ar f l ew rc r - :c-r. t h e  “ s _ h a s _ l i  b , ’uc- ’i iai rl.’ l a’s’er . In
order c-c’ be ab le t ” a- :’ ra ’ rol or eJ h a l  no ’: ‘ P a l : li ’s_k s_ sc Close some i n s ig h t  r e r - a r d in g
the  b e hav i o r  of t h e  f l a w  ad ,’ n c e nt , c-c ~~~ e r , dws_ l l  must .  P r  cl t. a , in :d .  The .o ’h a ’ervac- ion
of the ’ fl a ’:  pa t ter :, :  gcr .erate:h v ia  ink h r A e ,- : “n i n  tPre ’ ”ra .la - a l ,  l P a -u s_ h a m :  I s_ o ’er
res ion:; Wa:: u s _ e d  c-c . ~‘c-t l a ‘:h i s  inrL ’-,h t  . T e s t s  were c o n ’ b a c s t  :1 w i t  is c -hr -ce  d i f f e r- e n ’-,

apertures : ( 1 )  a 3. hO _ r ’ sa, sq :iar-i” .a s_ e r~ a ir : , ( t )  a 3. b ’a_ a -p  d i  ar et ea- c i rcu lar  a per t u re
and ( 3 )  a 3 .11—cr ,  c i rcu l ar a p e r tu r e . ‘l i re  b a se  a - e r - h e n s ,  of c - b e  c i r c u la r  s_ p ert  ‘ar es
we re in ter ,ded  to d ive r t  t } c - e ’  ca -~ s_ r f l ow in the ~‘n ’ lao 1]. P ,‘und’sro’ is_pr ’ , t ,h ert ’P”:

ro v idbnr -  p a s s iv e  boun ds_a-: : l ov e r -  c c - or , ’ rol , in an a~ ~~‘r’ ’t t e  reduce , o ’akage pam~ P h i :
a er o dy n .arao r w I s_ d ose an’i irm r- sv e ’ “ i c  r r - ’’ : .a urc sot:  “m ’ a - } a ”ir n c t , e r i s t t i c s  of c - Pu ’ dev ice .
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Several method:  of ob t a i r c i r . s  v i s i b l e  t a- a c- es  of t r , e aow a c- s_ r: ’ aye r  C_
lu st ’, :  e s_ a l a s _ I L :  of  t h e  free— ’.’o r t e x  aer-o~~1’r. arJ c ai :.J , :w mo del a cr e eva_ ,~a c - ,- u .
IsIs ’t t a l l ’,’ I nd i a ink was i nj e c t ed  i s _ t o  t :’;e e s_ a la s _ IL bo unu a r :, l a y e r-  t i . r : ’.~g a . a p 5
hav i s_ o  a h yt n i e r m i c t i p .  Nex t t h e  Thdi s_ t a ck  was in j e : ’t e u  15,0’: t h e  e :,d’.a. P a

I a:4’er t:: r ooo: , a seri es of smal l  holes  a i r -l I e d  i:: t P ~€~ e : . ;w oi  1 , ‘:, t b ,  a l a n ’  c - se
e xi t  p l a c . e  and en the  laser hem:: , a x i s .  The rcs_~ or p r ’ a l e c .  e n c . u o . t e s ’e: t :~
‘re chni ;’ue s wa s t::e di f f a c ’u , lto’ 1:, s ac - c c - : :  l i l a . s one  a a~a ,is0 a:, .: :at ’: sO’ n u,i a a n ~a a

ir r j e :t a o:r . l’on seoue: ,t l - ’ , it Ws _ ai vera ’ si:’f i c ult  to p r - ev e n t  :p’ aoC ’ :‘ .:.g o: ’ C a , ’,
ar-g l ar,erat l om of d r i ed  ink at th e  i : :j e a -t i ,c - : .  s i t e .  Afte r  t e s t i n 4 - a :: unr er of :‘fe r-,s.
i nj e c t s_ n t :, I’. w as fo un d th a t  a mI x’, ,aria’ ‘P ’ fa st  .i rai :.,e :t rd  es , s_ r  j so~c a n :  m e t h s_ a ,, l
cc- aI d be u sed v i t h . c - ’,;t tic- : ,‘ t I a i t : er A , s  a :  as,d c - r c a - s _ t i : : ,  o r a t l o r . :  es. ,’o . ’,,r .te :- : a a ’ i t P .  l a s t s .
is_ k . T h i s  ir.je :ta1 :, t m i x t u r - e  sa :- : ’,’ l , :e ,: a su c c e s s f u l  mea~s_ : ‘c-c o t t a i r a i r . ’ w e l ’, — o e :’ i r . e i
f l o w  patt e : :.s  or. t h e  s O c it e  cr i s e s _ T I .  The i nj e c t s _ n c -  use : c - a n  s i c t e d  of h e w l e t t —id ‘k : , -
l~~3 l— i d l :  ink  mi xe d with ’. zaec- t h a ’,e’_ I: . c - n e — t o — o n e  r r ~ s , s t i on s .  :. the ’.’e p : :p  a r t i o a s ,
t h e  zao~m ur : forme d a ‘un i fo rm l i su e d s ’aee ’. wi ,en po ’ .rto c o v e r  luc ’ote or ~c-I as : a. ’. o
scot agglome rate on the en dw a l ls .  The in~~, ’me t b , acaoI rr.a xt are wa~’ ’_ : a j e o t e i  as i: ,r c - a
1. Oa ’ 5_ :: ,  di ameter  :aeedJ e a f f I  x c - :  to a o:.e- ’.a~ P I c — : e n t i z ~e te r h ’ — t e c- laa :  : : :r lnr --,’ .

F l a w  v i s u a l i z a t ion  test :  were :yr~ cal ,
~~

‘ a - as:’. ,hucte,i 1:. c - a , ’: a ’ , I I , ’wa .’, rT raa a.: .er ’ .
A f t e r  ti:e aer-oi ::nani c n o z z l e  f l o w  w ii_ e :c-a’r l i a n e i  at tao: se :a:’e u :_ n i a t ~~::. , one C a ~
of one sy r i n g e  was p o s i t i o n e d  n e a r  t h e  i nt o  j~~’ siC the  l , ;c it e  enival l  and a scasI ,

4uasoita ’  of the ink methanol mi x’-, ,are was J i s c s , a r g , ’j  f r c- z .  t : .e ’ : ‘.‘r - ing e . To e s y ri n s e
t i p  sea: the:’. moo-ed to  a n o t h e r  l oca t i on as_ i t he  r r c c e : s  seas r e se a t e u  u n t i _  t h e  f l e a

patterr .  on the  endwal l in the  re~- ia -n  o f  in te re~ t sea. d e fi n e d .  The appl i ca it i c ’ : .  of
th i s o e o h u r . a l u e  is id ], ’u str-ate ’i  is, t he  ph c -t :g : ’ ap : ,:‘f F i g .  ‘1. This  t e o a u r i ~~ut a s_c-

di f f i c ’,Ist t o  use , how eve r’ , in the  p r ox i r dt :: of t rac  ::ozzle exi t plan e  he :a. ;st ’ a C
s r - s _ l I ens ir . wel’sed in ror’.I t i on i :r g t he  sy r i n g e  t i p in  th e  o ig I r— sp ee i  f a - w w : , _ l c
sir ,_ l taneo eu sl l: i n j e c t i n g  the  is_ k . I :r s t e ad , the f_ o w  p at t e r n s at the  n o z z l e  e x I t
plar . e were d e f i n e d  ty  f i r st “p r e t o a d _in g ’ several drop s  of is, .~ al o:cg t :.e es, uu s__~ at

th ’,e n o z z l e  exi t  plane p r - i c r  to  i s _ I t t  a t i ru g t iue  oer ’ ’ -. : ::. ai a ’, i .’ w i n s ,  a f l o w .  Ta: fl ow
tatter:::  were th e a:  c on s t r ’ uc t e u  by r a p ii : .’ op e n i n g  th e :‘upp ’h y  val -.‘e to  est a t l a c - s .

the  d e s i r e d f l o w c:a i it i on .

The p a r t i c l e  paths de f ined  by the  ink  on the e s_ a l a s_ l i :  were il lumin a te d witu

a p h o t o f l o o d  i i~ bt and photographed us ing  P o l a r o i d  ~~pe 52 b lack  and w h i t e  f i lm  at
a shutter speed of 1/125 sec at an apex~~ure se t t i n g  of f/22 .

Flow visual izat ion tests , for selected configurat ions , conducted with the ink
mixture i r aj ’- ct :  I on both endwa lls showed no difference between the flow pattern s
generated on ei ther  endwal. 1. AJ. so , the majority of the flow visual iza t ion  test. s were
conducted at the nozz le  desi~~s supply pressure of 10 at m. The resul ts of test s
conducted at a supply pr essure of 11.0 atm showe d no qua l i t a t ive  di ffe rences in the
flow patterns associated with the use of the higher supp ly pressure .
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Test  Fes . , l c - s

3.1- c ar e Cross-tool er a ALert are

Fhooc~~rar -h s of the er.dw-ali f l a w  pat ”aes ’a s f o r  t h e  d S t — c m  square  apert ure w i t h ’
s_rd w i t h  sa’, it :.’ l eakar- e a-e:’ . .au ’al are she-c :, in  F in .  e .  The ink :r , e tha r ,a_  r .ix ture ’  was
ir .j  c c - c - e s  at c -he  er. , iwall  in  the  ar ea a’:o’~’e c- i .e c u t e r  i :eal free— v ar - te a : t c -u :, : a :v . Ti ,e
low p at t er ’s,  :bc:’ca : i s , F i g .  Sc (oe r ’ a ca’,’it’: , e’ ,kase re:a, ’y o I )  i r .d i o a o e :  t h a t  t i e  Cl a
a lor ,c -  the  er .iwal l  is d e f l e c t ed  town: ’ t he  inr .e: i d e a .  fr ’ee— ’a-~r t ex  t o  c - a ’ c -as”.’ . Tha t
is , t h e  cu rv a t ure of t h e  erc i wa l l  f l o w  r a t te r : :  is  cr -eat er c-ha: ,  c-b .c a’ .,r’.’at ,~:e a ’
fr - ee — vo r -t ex  f l o w  era: ”,’, ing f r o r , t he aer ’.’dy a :ar i e  sei r . :ow n o z : l e  as r:e’.’ i : . .c l y  c - c t  ca-n a . ’
‘by s :o a iowr’raphic  and s c hl i e r e n  CIa- : o - i s , c a l i z at  i o n  a e ch n i ou e :  ( P e f .  S

The es_ ia ’s_ Il  low pa t te r:.  shows_ c is. F is . SI. reveals  t h o t  w i t h  ca’~’ity  Ieaka , ’e
rer.o ’,’aI s_ s.d c o n c o m i t a n t  r e d u c t i o n  i s_ c av i t y  rressu :-e  the  d e f l e c t i a r .  cf th e  f l o w
s_ Ions  t h e  es_ ia’s_ I l t ows_c--i t h e  c e n t e r ’  o f  t h e  fr - ee— ’,’o:’te:’: is s or e  rr-or. :’u r ,r ei .  ‘~P ,esea :
in the  ab sence  of lea:,i.,, -e rer,:’:al , t he  e n dw a l l  f l o w  o r - i s i s _ s_ t i n s  C a - c- : , a’L’o’,’e t h’:
a e r o d y n a m i c -  window nc-sIc  f l o w  ,j c,:t ca ts ices  the  downstrean ,  ca r r , er  of the  ap ert  ~re ,
w i t h  le akage r-er,:’:al a l a rge  f r - a c t i o n  cf t h i s  f l o w  is de :’ e :te ac  isa’s. in t o  t h e
can : :e . a t in g  cu c t  t~ was ’c- : the  sir . ,d a t e :  laser  ca’: i t y .  A lar ge  r e c i r :  t o a t i o r .  p s_ t a  C:’::

is vi s i I . le  in F in .  St on the  e n ” i w n l l  ‘be low th e  ins_ es  h o c -ra dar ’ :  of the  idea l  f r e e —
‘~‘o:te x .

Scher,atis  r e r r e s e n t at i o r a s  of these f l ow  p a t t e r n s  are show-sc in Figs . 9 s_s.d .O.
The f is ,,a’es are cc,~n sC:”u cteJ  Ca-c- ::. da ta  ass  ,ar la tei  both fr-or ,  n u m e r o u s  p h o t o gr a t h :  s_ nd
fr-or .  real t ir .e o b s e r v a t i o n s  o f  f_ a iw ’  p a t t e r n s  or. the endwa. _ s .  r ,e i cat ea  a m t h e s e
f i,c-~,res are the f low  p a t t e r s_ s  of ( I )  the a o j a c e n t  a tm o sth e r i c  a i r f l o w , ( 2 )  ti :e
a i r f l o w  in the  str s_ rar ’  ni :~:ino regina :  ‘between t h e  a t m o sp h e r i c  air  as_ i aerod y n a m i c
w i r a c - a w  n o z z l e  f l o w , s_sa d (

~
) a i r f l a w  fr -os, the aerod yn amic wir,dcw n o z z l e .  The sa li e n t

:‘eaoue-es  of  the  f low pa t t e rns  wi th  zero leakage f low removal  ( see F ig .  9)  are that(
~) c-dc f low a ids_ n the  e n d w a_ I  o r i n in a t i n o  f rom the aero ’dyr ,ar .ic w i n d o w  n o z z l e  is
s_ e l ect e d  t o w s _ s i  t he  cen te r  of th e  vor tex  and  all bat that  near the  c u t e r  i d e a l
t ’:ee— ’,- oa - te:’. b a- .u’,d ar v  is d e f l e c t ed  i n to  the  d u c t  connec t inc -  the ae rodynam ic  win  i a - a ’
to  the sir ,u l a t e :  laser cav i ty , ( 2 )  some of the atmosphe r - ic air f low fr -or. the m i x i n c
r - e r ’ L a n  i s  s_ I so  d e f l e c t e d  in to  the d a a c - t , ari d ( 3 )  the  m i x i r r e -  reg ion ex ’ter,.ds ur -  to t h e
cu t e r d i f f u se: wa l l

le r’ .o - .- i r ~g the cav i ty  leakage f low (see Fig.  10) reduces the sim u l a t e d  laser
cav i ty  pressure from ‘w 75 torr down to ‘~ 25 torr , and a more severe d e f l e c t i o n  of
the en dwai l f l a w  toward the center  of the vortex is noted.  A l l  of the er~iwall
fl aw ori g i na t in g from wi th in  the n o zz le and a much larger por t ion of the  a~ r f l a -w
in the mix inr - region are turned down into the connecting duct adjoining the
si mu late d laser cavity. The airflow i n to  the duct forms a recirculation pattern along

the endwall , a pattern which was only suggested in the zero leakage removal case.
(A L t h o u ~ h a r ecircu.lat ion pattern is not evident on the enlwall in the zero leakage

removal case of Fig. 9, rec i rcula t ion  must exist in the zero leakage removal case
in order to conse rve m a s s . )  With cavity leakage removal , the mix in g region does
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s _ a t  sec t  t h e  c - c - p  c - i :’ : ’ ,: c’s ’ a’s, , I w i t ’r . i s  c - h e  s-egi s, c-s ue: a ’bsc r’.’n ti :.. T h i s  :u~- ”es c-s
+ 

~~~~~~~~~ _ e ic a~~~ e” ,~ ~. 
, ,t  ‘‘ C .. “ ~~ C~~~~~~~€ * e~~s * e

~‘ a e” a- ’ “‘ ‘., “_ ~, ‘-‘ ,~~_ ,. c”
wa

- ~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : i:. ’ ’~~ ’ . ’ — “ S l

f , : ’:, a :,ew s_ a :  ‘“ r e : ’ a ‘ a . . ‘~::‘o c . : , ’u’ . l c  w i a c - , w ( c - f .  F i s .  ‘- ) .  The su:’ I a, .’e t I e
s_ per t _ r e t l : c a k s,au : c-to  can, -’ . r ’ ;’ , a , a a” a : t r , e  is.: ,ea ’ : ‘ :‘ ae — ’ ,’ st e.’- ’ t . ’~s.c - a : ” . as_ s t ,e a . i’o:
tao ,’e:c tia. . y l: . ’o c - a ’, ’ c - c -  :s’. iif :’u c - es woO l. The’ i i f : ’ e r e :, .’ e is.  o:’ .s s— :” ~~t i  r, s~ a r’ eu

a s ’, ,.. . . . ,, .  .. ~~~~~~~~~ -“ 
V . , ‘ Vc - . - ’— .... ~~~~~~ c_ r ’ ,a _ e . , , : ,a .es a s a s s ” ’  :e~’ : a r. s_ a ’:  , r , .: ‘s. c

ar e  a.: cr a w: I, F i s .  — . Thi s  b a se  re~” i : n , in  e f f e c c - .  r r - :’:i:es
s’aEa si’:e t . s : ra , r’~: _ ‘ ::‘a a’ ’ : , ’r a l  t : a .:i-:a :’aisa ” the e:a aiv :’,ll I . our . :a,r’:: , a::~~: c r a s s  f l a w
aw n:: fr -on the  : a : a e c - t i : . s i . : t .

F ’l r c tc ssnp ’s s  or t he  e : , : w a ~l t. f l a w  c - r a t t e r : :  for  c- he 3 . I G _ c r  i ts,  s ic’ ‘ ,,..a,a’ c r - a s s —  
V

s e ct l c : ,  a , : a : ” ~a ’e w i ’ i ’. ’ ., ’. ‘ , : .: ‘: d b ,  oa ’.’it :~- L e a k s_ s e  rer ,ovnl  are s-: ’an: I :,  F I c .  I I .  h e r e ,
a: is.  F i s .  , c -h e  :1 ‘ w s_ l a - a s  c -he  cr , i a - , ,  Is  is d e f l e c t e d  coo s’ a ‘a b e  o’C:t ”” • ’ c - c - a c - c a ’  ~~~~~ a

c-he rar e ;s::.: 2,c - e s ’, eC _ e .’ t a a n a ’cc ,s’ri : . s : ’os  the  case w i t : .  salt :: l € s , y~s_s~ re::, . ’,’l
a s_ er - c  the si ’  . l s _ t c -  a _ u : - ~ 5’ : s_ ’ : i c - : :  a’ r e ss  a” ' is  a - c c - a c - e d  :‘s ’ ”  ‘a ~~~ t a s ~r ’- l , t a : r .
H :we ’:er , seid . this :ir-:.~~as ‘c : ” r ~ ’ .r ~~, I: e: rw”~ll  l a  i c - e s  a. - a r a e ’ ~:’ ‘a .  t~~r s_ o a t s

t h e  si:,~ Iat e . :  I s_ se : ’  cc’  ‘.‘ ida i:,s s~: is .ii ’:.c-cte: : ‘w’a:s r” ’~’ i r a Q  c - i . e  s a : C u :e : ’  I::
t he base ar -en a c - a - a ’.:.: I :: t h e  f lI e r  b l a c k .

F igure s  1 s_s. d l~ sh. a w cche -”ot i ’ :  r e : ” ” s e s . t a a i a s c s ’ : ’ c - h e  l a s s _ c - t e s s ’.: fo r
the  ~ .— 0 — o r  c i r c u l a r ’  ar- a ’a ’c - ,r ’~ w i t ’:. a ’ as , : w , ’, : c-a ’ :i : le nra a,se ~‘, . w ’ re r, ’ ’:al ,
rec:eoc-i’ :e,’.’. As si’.~ w’a’ is, F i c . 12 , c - i ,~ ~‘:

‘. aw’: , . I fIw a ra~~i: :s_ t :, s :‘r’-n. the s_ er - a
n : z z _ e i s ief l ec~~e~ t~~w’,:’ : c - i , ” :‘ rce ’ — ’:.s e’ :’ :e:, c - e : ’  c-~ e t o  t he p r e ss u r e  ii f fe : ’e:. —

‘, iaI  e x i s t  ins  t ec-w ’ees . t h e  a c - m c a o r h e r ’i “ r i  :e s_ rd c - h p  s i r _ I s _ c -  e r  laser  ca c - - i ty  s id e .
c o n t r a s t  c - c  c-s .c p’~’ er- : o~’ F ’ic .  ° :l c - -, i r ,e i  w i t h  c - h o  “ . 5 0 — c - n ,  s a u n a - c  ape : t.re ,

the  f l ow app ea r - s  to  Ic  t ’u rs :e~ .1w:,:’ s-ca_s ~w u ”  : t h e  .:i: ’C’u s c r  ‘by the las_ se for -r e :
I.:. the f i l l e r  t l o .ck .  Tr ’ ,e c an.: p a t t e r - : ’.  I :  ac-c-p n se: .c -  is, the  p a -r I c a  of the  e s_ a l a s _ I l
l a w  o r i c i n n  ing  in  t h e  m i x i n s  s-es-icr , . ~e’.’e:thel ess , i t  was n a t e i  d u r i n g  these
to :c - :  (as  ir , d i c a t e a c  ‘s’:~’ t h e  i s_ k t r a :e r ) that scr. c of the  a i r f l c w  Crc:, t h e  n o z z l e  and
the toxin s regis_ s . d i d is _ see s fl ow acr os s c-he base a’f the apert aare ass_ i i n t o  the
cos_ r. e “ c - i r s -  d u c t  near’  t h e  oases  tear. axis  (~~e = ~o ieg ) .  ~‘it i’. c av i ty  l eakage  remc’.’aI
(see Fi g. l~~) c-he :ielecc-ion of the airflow towar ’~: the simulated laser cavity is

n r e  p r o n o u n c e d . T h i s  :ugcests  th a t  the  pressure  in the base r eg ion  formed by the
f il le r  b lock  is L ower  w i t h  leakage ren . a o’aI than w i t h o u t  leakage rem oval . Thus ,
al though the ‘base region for -med by the filler b l o ck  succeeds in diverting some of

the cross flow away fran , the conraest ing d u s t , a por t ion  of the  cross f low does
enter the  c o n n e c t i n g  d u c t  c a u sin r  a leakage in t o ’  the s i m u la t e :  laser c a - s i t y .
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The c - l ’.’e:’sl:: c - f  c - : -.e s:- ” :s :‘ . c - ’ O ’ : e c - a e r  It : ‘a .  ‘L a c e  r~” ’ i , r l” ’ ’::’,’ ‘ s. ’
a a r c~~_ a ,’- a:..: ca n r e  nc- ’~~a ’c- .rc ’ s rt ’ : .5cc c - h e  e n,..u , ’e C :  e s , c - a a.~, l ,. t . , , s , c a r c  , a c e s

pa . :-, c -he  s_ er , ha’ s_ ac-s i c  ‘:is, : c - w  i r a  a s , . :i-’ ., ’, ’ , ’ e a ‘~s~’:’ c a d ’ :: . ‘I’s_ c :“‘ s~~sae :
lea .ca.-e a l s o  i a-a sa r ’ . vec. c - b e  “ :‘e:s ’ure s ,a’ : . a~ :har’ n ” t e r i c t i . ’s a c - n e  s _ e r a  :‘,‘ s aa’,i
a , r : c - . w , s_ I.. ‘‘ is’.,’ c- i .e d aa”: i .’e c - ca 55 ’- ” :’:~c - t ’ w i a a .  z e n .  Is_k s_a-: r’ ’ ‘ .1 at 1’.s” r  c s _ c c - c - : :

c - h .  ::‘esr’ .~r ’~. aa~~a : o - - a  c - a ’ s ’ ’, ~t ’s t S t ~~c-~~. C  ‘ S.’ a ’ s-f’’ -— ’, a - c - c :-: s_es ’ . : ‘ : :, a , ,r ’, i c
c - c -’ se.: .” i : , ’ e’a , :w ’ , I , “ a - s , ’ f , c - c -  - ‘ , .-‘a. ’- ’ ‘.c-~.’ . ‘1, .~ :, - ‘ aa i:s .s,:’ c r — a ’l, ., r -e

co:c a’is ,,ra , a i , a .  is  stows-, is. FL~’ . . . . a ’  I — n  z _ . ’a ~~~~~~~ ::essu:’e , use to
t h e  ~ . ,-~~— c - :  :1 ci: ’ a’~~l’~” u s a ” ~a” a’i l”’ r : ,~~~ ‘ r’ , a’- . ‘ ‘  a : ’  ‘0 ae s a l a c e  :e,’ t a r ,  1 . 111—
a:’ w i l e  at i t a ’ :’,: r ”  :‘ c ros s  . .. ‘ ‘ a ’ a . , i : ’  :“ a s ~ a ‘ - T a ” - 5 . : ”  s , s : ’ s _ ,”t r a t : c a
cc:.c-are.: c-c c- s_ c rotc - a c - a’ 11.11 cl- n i:. ’ - . .,s i:. - :.e ‘ . ‘ “ — ‘s s’l _ a~r e o s t r ’,~~r e .  The c - e s_ k
:ress..sc s..oc - . a ”, r ’a ’ i ” . oc - , s .,sr i :, s , ’ , c - a ’ — ’ .~~” : . y ~~~re s a _ r e , ’:’~ ’ .’i- ’ l ar l y
i: . : :ea ,r’c aa fr ’ a’ s’ 11 .5 ’.. 1”dl c- nc’ , ‘:, ‘a : , ’ ~~~‘“‘ ca  - - :‘ i _ , er 5Th

Th: f l a . : v l s , r , l l : . t i , a , : , t e . . : , s : ‘ ~i : , e : ’ .a , ’ a. a : , . . . l l _ .: , , .. ,: ’=a . c i : . c , d a r
a ’ r - a s : — : e ’ t i a n  a : e ” c -~~s~’ as,” ” s l i . ’~a’ c - a  si ,nsa ’’ ’ ’ a ’ a a : ,  s” : ‘ ~i r ’ . e : ’ : a a :. a l , , 3. ’0-— cn ,
c - ia - c -Jar :,:er’our’e . Irce a,.:z_~ ai r ’ :_ ~,’: as:, : ‘,is-f_ a’ ::-,’ c- to  r : : - :a : . , - s c s i . :  a r -c
c-eflea”ae. : ‘ac-wa ,:: the ‘ :snt ’,’:.’ c~~:, er’  ‘~a ‘iso a ,s-r,es I’~ 

y, t w’~r - :  a b e  d i ” : ’~ c e a ’  a d ’ s ’
c-he  a a aea ”au r e  ‘c - s _ s e .  The s::’ .~ ‘ c - i  a ,  a ’ c - a  “a a -.”.l ai r-f l’:  is  sa”s- ’er -  ‘~0a . h ca’:ia ,:
Iea}:ase than wi ’c- :,out It i t  is difficult t D  5~~s ‘er - s  a - . ’. :~ ler-es.o.’c- s tetweea,

-‘ “ ‘
~ ‘-e “ “ S “~~

‘ S,. _ S

o c- o a :n e s  woo l ,  a c o n s u l a r ’  a c - c r c - a r e  i ’ s_ v ia ’ .. ’ a c - . I l — : : ’  do - c c - cc - : : ’  ~a a’ a s I c - a - :  c- I::
ir ; r -o ’:ei su p :  a : ’ c - has” .  “ t e r i s t i  c c - he: :  c . r a a a _ se l  c - c ’ the r e s u l t s  a ’ : c - I . e I . ._ sa_ on ,
u s_s ec-er ap est :a ”' c - a c - sac- p al : :  a re s :  , :-e: te . a e 1 . - s _ a ”  ( s ee  F i g .

of  Ft. cw b icu a l i za t i a. P e : _ l t s

The r e s u l -  s . a ’ a ’ . ‘ f :  ‘~‘ ‘.‘i r- .~a1 i z asa  j a s :  t e a - c- a’ I ’l l ‘ s _ a ”  c- baa c - h e  f l a w ’  p a t t e r ’ s . :
in  t h €  es, :a’ul l ‘b a , s d o a ’ . T a s c - ’ s’ sa r a ’  s t r c - r , s l ’~’ is . ’ ,~~’ a , a - e s  I’:: cs_ ’::t’: ,L e aY.age low
ren, . ’;a. . The r-c:’. :a ,, o , ’ ‘ s_ is  ‘c-s_ i t t ’  Leaks _ se  l a w , ala: c-s. r€ ’c - ses t h e  siian,~1a t e:
l a s e r  °~~‘-‘ic - :-’ p r e s s  ,r’€ • a-es • l t s  is ’. a :s.ore pro nous . ’ces r e f l e c t i o n  of the eradwall f l e w ’

wa, : a t f l , ”' c - e s t e r a c - n e  :e’,l fr ec ’ — ’:c- :a cx ‘b e s s _ _ c e  cf t he  i- ,a- :eased pressure g r a d i e n t
a”r css  ‘ a, ” “‘s, dwo l  I a _s a s_ a - ’: lye’s . F u r -the a - r a re , the use of  as’, ap e r tu r e  insert  wh i s k
p a r ’ ’ : : re’ s a Ice a_ :’e’ a , o r  I ’  :, oar’: l a : :er - fe r , ca e , is an e f f e c t i v e  m e t h o d  of t u r n i n g  a
lar ge f:a_ .’t i a  a , to c - a . :  : e f l e c - c - ”  “‘s a w n .  I f .,~aw boaT, :trean. in t s  the do ffuser theret :.

V re .:~~ ’ i s_ s  Leu.k ’~ - ’ I a’ i s _ ’ a~ c - i , ”~ stsc - ,Os _ t e ’ i laser cavity and is_ creasing the pre ss ..r:
r~ ,‘h ar ’o ’ e :’i:c- i c - a a  of ‘ he  aer : a :v aaa r , i c  w i sa d ’w . Inc reas in g  the  w i d t h  of the  I r a : :

r ca - i  n fr - a r .  0.11. ‘-n. ‘ 
~~

‘ . ~~~ cr l’s s e c - u s i n g  the aperture diameter from I~ I9 c rc-. t o
1 .1 1  “n c - i s  so ’ ~.lg r,i a ’i c - s _ ac - I -,’ alter - the f l o w  v i s u a l i z a t i o n  or p ressure  support
a s _ c - a s .  ii we’ :~~.s , al ”’:s. a ’ I ’.’: - p e ’ r ’ ’ .~:-e c n r , f r ~~.:r s_~ ic ’ r~s s h o u l d  be fu r the r  in v e s t i g r ~t c i

C -
‘
. ,y :e’.’ c..’ - I .  . s  means  of ’ p ar ’s c - w e  h o c - s_ c - a r : .’ L aI ’er control as an effective

t e n: , .q~ c’ to r~- a ~~’e’ ‘ac t ’ :.’ Ie J ’na -” f l ’w .

1,:
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P c - t a t  P r e s s ’ .:” Pr ’ ’ file “ea,a’u:’e:,enc-:

P l c - c c -  p r e s su re  : .eus.,s ’ea’ ,:n t s a  wc: ’.” ’ ’c - t a ’  i r , o ’i :1 .z e  t ‘ c- i ’,” e s _ c - w a l l :  to c h a r - a a ’ o e ’r - l z e
the  b’o~ sa da rv 1ac’ea’ fl sw ’ a,s, , i ce ’ s ’ i : ”. c - h a t  i t  c - a ’ a 5:  ,:‘ :e of l e ak s_ s e  is’,lac th e
s1raa~ . at e: .~aser sac ’aty  cc :’, a. e ‘t a s ’, ’ al , ” . Free  c c - r c a _ a’. .a a t  c-se:: ,:e seas .se:.es’.t s
were s I c -n i n e .’: a’, th e  n a z z l e  e: ::a p 1’~s_ e’ s_ sa d : a n . n a a ’e: wi ’ h c - I , ’: r et ic al  c - r - e ’ i i c c - i c - r ,s
de a - i’:eu fa-sr  i s en t a - : .r i c  f l o w  s’a’ _ a a i a r . s f o r  as. i c-ca ,  sac . F’:’c’c sc-rea r  r i a a t  t a - e s —
sure  r .eas’ .:’esa’, ent r ’  were  a l s o  Oat s_ i : . : : a, ’ c-a’ l a ” a s a o i  a:.: .: ‘a ’ .~’c- . : t :’ c an, of the s..o :zle e xit
p l a n e  c - c -  :ete r -a : .ir , e if the flew fiel: a’s-as, t i e ’  ae :a :: :nan,ic w i s , : a w  r u t s - t I r e :  a
f r e t — .: sac: :  p l o t  rresc- , , se  s - s a c - t i e .

: re:s’c-.r~ :‘ r ”f i l a ’s w ”  n’s : ,r s_ i c-nc r - ’~La l  L I : . ’: a’ -~‘ar -ious p a ca’ i t ic - s ’ s
(z) s,ws,’’ fro:’ t:,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
v:’:€r~’ tb r .o::la a s _ L a  p l a n e  l ie s  al’s-a ,’ = 0~ i s ’ .  “ id  a’ a’ ”s’ ’i i r , a~’ ’. ’ :::ste n. cC  ‘Cd ” i d e a l
frc~ — ’:a :’ cx as ’1lIu :tr-”.’”d in FL’. 2. ~1sac-’,or-enya’,c-: we:” a ’, o s _ i n e c - w i t i  tw differ-es ,o
a c - t a -c- ca:” : : :a fI sur - ’~’a i cc-s’, r :  I )  a I . ” —c n , a - c - us _ r e s : a : c - — ”~’ . ’ i ’ r. as crt ’u r and a
c - _ n  o s .’ ’.o_ .a; ’ c rc - s— c - t a ’ :, a:~~:’t.~:’ . .  a’ ’a:’:a orn ’ , “ a _ a ’ : . con: :g ’.a r s _ c - : c r . was c-~.’.-’ c-o ’:

Ca

s i t : ’ rea :ar ’, a-. -. : c - s  w a r- r ’.~,i’ ’:i a , ’ a I a-o’be a ’h ic i ,  c o n si s t :  of a :eries of
sc - a t : _ c - ., s c c - c a l  dv: c-er -sO c u: . II’.” ' a- sO lu fa ’r - c d w i t : ’, i n  tut ’s_ s of large la_ n ec-er -

is. dl. ls~) .  Ti :’. : r a t ’ . t I :  was fo r-r I ‘b:: a p i ece  of  0 . 0 5 °— c m  di amete r  b::
0. ”’ l — c - - ’ w’ , I _  a v a ~~ i a-c- I c  ‘‘I- ”' w i :ic: ,  ‘cs_ s f l c - ”c - ’ : nc’ s so as to ‘be 0. C’51 or in the
d i r ’ e a ’a i o s ’ .  (r ,ino ’r a : ” i s )  a s _ i  0.12 a-n ir, c-I. e : dir-ectio .s’, ss,a ,~or  axis~~.

Ti,c a ro l ” w as ’ r, a u ,’’c aI is . a ‘a: t a r - l e d  r .e:I ,a saisn ( s ee  P t , ’. 151 ) wh i c h  enat le. i
c - a - ’ : a to ‘a :  t r s~v c ’ r c -” J  1:: a a - a d s_I : i r e c - c - i a ” r . The sp ast ic -s Ie 4ween the c-rotc ala ’

as _ a c -  t:, ’a’ aa r, .i-csaI, l , z , w a s e : c- a t l i s he,’ d ’ s ,: is .se : ’c-lns gaas -a  t ’Iock :  teta’ec ’n t ’ pro ia”a t i :
as’, t h e  ‘.‘a, dwc-i t, l an a f i x l a s  c- Ic : rr -cI ’e is, t h e  ac-o urs _ c - .  The aol were o’l t a i r ” a i  at 13
val ue : of z a - s a r a - i a . ,’ fr’: .  0. ’ 1~~ ’ ’ sn , to 1. 11g ~~~ Thre e. di f fe : ’ent  prob e mo un t i n g
‘b l a c k s  wer -  u s ” a r  to. a-r l er .  c - a .” pr - ac nss” : i ic’ a’ Ct ” = ‘l) , O Q _  and 60—deg ang.,lar

unIt ar ,s • The r a d i a l  c- o : ’i t i o r ~ of c - h e ’  r o l e  v s_ c - ’ r c ’n or - J - a ’d on a Texas inst rument
X— ’a’ pl a tter I , n,:na, c- of a P~ ’urs ’, s i i n a ” ~r p o t e s _ t i o n . e t e :  w i t h  ar c- a-op n at: excitation
s_s.d c i a ’s_al c o n d i t i o n i n g  es_ ad s-rent . The pitot press ’ur-e s ,easuremen o was recorded or.
tr , ’ sam ’~ Ii— ’:’ p 1 c c - t e a -  u t i l i z i ng  a “._ , O ’ I  p1w dt athan’. s ’ t ra u i s_  ~a’ure trar.sduoer with
s_p a r-as rIc-”’ :leotr’a :’aics . The ’ probe war ’ t r ave rsed  fror,  the minir a ur. radial po siti on
to. the  maxim ’ur . r a d i a l  position , which required one minute , he l d stationary for
a p p r o x i m a t e l y  one’ m i n a : t e , and the n t raverse d hack t o  the mis-laura radia i posit t en
t s  ensure  the  v a l i d i t y  an d  repeatabili ty of the p r o f i l e  measurements .
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Fea a’~’s’a:,tc -tti ’:’ ar’ . C t I ” :  ei c - :O :, ’i :,t c - to ’  :, “ : : .‘le exi’ : J ’_ s~ ( i e = O j e , ’)  C
sec’ :saal va lue:’ C : ‘~r - e .‘ a , ”'’a , is. I ’ . a ’  . ba-as ’:.” r’ , . s r’e se : , ’ l a s  t I e . ’  a
a r c - r I t e :  a r e’ se a - ’- ’a: , s ” j c-I- c - : ’ : ’  a’ a ’ :’:’- I” I c - a  a- I s - a t ‘‘ a ; ”  .ae~ r , :a s l : , , ’ ‘.‘‘,:‘c-€ :: C :. ‘is,-
gene:- . ’ ’.I . : ~ c - a ’ . a . ’ i:, a ’sr : a ’ ~ a ’sc - :’  ‘c- i c - a .  1’’ ’r ~’sta’:: ,, ’ :’as :i1 p a c : i r  a:: las ’: ’ ’  a, ” : ’ —
,, m a c i a ’ t I , t o u a : aun’. l 5 ’ . , s C 1 ~~w ,a n i i s ex , e(. a r : c.r . + I t s ~~~~~a .

w I-,, : a . T} c’ e:, .:a” , i i ’ ’a:. i .’ ,:’ , 1’ a~: a a ’ n .aai :’ . ‘.: i t  .“ ‘~l : ’ s :~~. , , , , ,-“s, e r - s_ l
i e ” ..’ .” , : a c. ’” , c - . ’. s ’~ , ’ :’a:r ,  a ’cO. j .’ , c - : , . s _ : r l a a s c - a o a , i c - l .-~:’,.

:‘;‘I ilc’ . ’ ( . u ’ of 0.’ l r , C j ’ ; ” ’ r , n€ c - C ’ i : r

ot t at : : a ’l  :~a . ’u l a : ’ :’o: i c - i c - n :  of .1 = 0 , c- “t a d  i ”  a ” . ’ Cc: c - a ”  1. ” — ”:
s ac-ire c r o s : .  secti on at: “radar”. s_ n d  f o r  ‘ io’ ’ l ’~~::’ L a  a - i r ’ a - ’ : l ’ s ’  cs- ’, ’s a’:st i .c - : ,
ar~. s’ t ’ua’ , w i t : :ou c -  asc .l w’ i t i ,  “‘ v i a ’ .’ l eak s_ sr  r ” :’ . a”.’ . ’ , . F t , ” .:’ 1” c-d .c-a’: as Cr -er ’ : a r ” n a ’

a ra ’s :aac- ’e’ :a .a r s a . a l i c - , e J  Iv  c - i . e “:r : ’ a i ’ . ’ n :o:.ic ‘~,‘ I-, . h”c ‘ u : : .’’’ : a - .’ :::,:r -€ , f t ’s  c - I , ’.
a s _ a r c -u r e a’, I - I = 0 .’le’ ( r a a z : l t ’ ’ :y . i t : J ’t: , ’ ) ’ ~’ : t i , :, a” c :cv t a ’ :  l .’d ’:aa . ’r r ’ars_ .’ ’v ’I .

The Je’ ,aa r e .’c s ca’ Is-: r ’ i t o c -  c - ’r - a .a: ’,as’~ s _ i c - h  . j p . a .., .a , s I : ,,~ r - ’ : i ”~, lc ’c- ’ , ’ J ’o ’, c-ts ‘ ‘x I , i ’s t t e ”d is ,
P lc-c- . 17 is. a:se,’c-laf ,.j w it h  ‘h e  i.s_c:’ t ’s_ se i r, da~ ’ I .  n u c - c l e r -  c- c- w a s’ : :  c- i .e  cer,0” : of t : ,:
fre:— ’.-a rc-’c-:. : seIa ’: : ’a t e ’,i dl: la .he a’a’roJl:r:.an.ic w!:cJ .cs na ea: lr  fl aw r an ’: s_~’re es w r . II s _ i c - i ,  c-h e
t i ae .a”etic: ,j,I ’, ’ r  r ’ ed i a ’c - ea i  Cr” : ’: s c -r~,~sua-a :ar ::s’c-r ’. r r c t ’i I ’ . . Ic - c e ’  r ,ea ’c sur -a ’ .i a i t ” a  :‘e-ss u a -”
a r c - f i l e  ‘ I c - s _ i c - i c -c’c- f r-c-.: c - i a ’ ’  c - h e o r : c - i o s l. l’’ a : ’  l i c ’ed r r ’ess’,irt ’  a r ’oa ’ile at  r a I i ’,l

‘ ‘0’s::’ sr- c - a c - a r  c - I c - n  r = c - c .” ca- s_ ad 1’:a ’: c- la s_ s. :’ = ‘1.8 ‘c-a ’ . ’d ::a c -o to un ’c-s_ :’: l a c -ve r ’
fics_ ‘,Ions c- :.e i s_ ace:’ a_ a d “u ’e,” ::o:c-.Ic c o n t o u r s , s_ a d .‘Iae ~~“ t i c ’  sIc of t a e  or-ol e.
t i c -  w i . i c i ’ .  s_ ic-n ’:: ito t  a r c-c -u : ’ c - c - a - i d e  c - l~ I c-ac : i n r - i~~s of c-b ’ fl ow~ f iel .i a - C t i ,~

:zle to 0’ “over -i sa’ I ” w i 0, t ic’ : ’ n.e’.s ’ur ” an ,ent  c - f t c - s _ i s _ e d  i s _ r O d e  t h e  flow f i e l d  near’
c- i , ’ a - s _ I t s _ i  i a - c : . a s r~~~

: At a_I’: s_r ’ .s-ac -Ist~’ a e r i c - i o n  ,taO = 32 ’ a ie a -c-’ eeaa’ , as s tows - in
FL: . I c- , a . ‘ i , a r a cc - ”. r’ I a -a i l a.r to a d ’: 0.’c-c r et ic al  b r a ’s ure p : of t le  p r - c a - e s _ t e l  is-
p ad ’. 1” 1: o’t ’ t a i n aa ac- t. cuc - thea re. ’a’icn: w l o r ”  c-i c’ a- :es_ s’c -r e.i a’ c- t o t  p r o f i l e  d I f f e r - s  Ca-on.
c- I.  c - a . ’ re ’.t ca l  are s_ ow m a r e  :: .:c-eac - .s ’’.’: .iu” ’.’o p’ a-e s: . ar ’c - losses a :socia ” ed w i t : ’ .  tad”

‘ ‘ c- :, ’’ a a ” r - a .’i’.’s, a_ rc,i C  w ’ir , c - ” s_ :,c’ ’::i ” “1mw w i ’ :. ‘a ’a ct r a c i r , cd  atr:c” ,’’, h c r i c  :‘la-.w on
::‘ th e ’  a ’ r.’d’.’sa: c ’a ic a’ i a , ’J a w a ole :ir. I w i t h  f d w  I r i s _ a -  en t r a i s . ’ a i  Ca-on ,

c - a . ’. ’ si :’.u~ ’~’’ a l  Las’’:- c s _ a - I c - v  c- c en a ,. . cla Ps ’, ’ c - a . ’ ’ as. :1’ : t a r ’s’ r i d ”  a- f ‘lo s_rrodl :nstn.i a-
w i r . l a , w  nc::le. F i , ”ur : 10 sl ows “. :‘ ‘~ :1’ f’. : c-I ,’ a ,l, ‘—~a: ’ . ac - i a  ci rcuL ar- cr0:’:’—
sc’a c- lo r ,  as: er t u .r’t’ sat an as -c - In s-  a ‘, ::l io n 0’ ,‘: = 2 “ i e ’ ,’i’ ,,’eas .  The rca-ions over wlcich
‘l . a  s - l a’ ’ a r ” s a - u s ’~. :.. e.”a:’ur”s,” a , ’ ,: 1’  a . ” m a . :’ a-:’. ‘ “ Cd ’ m ’ ,’s ”' ” i ca l  ‘a - e d i c t e ..i va lues
ar-c s.aaa ’ ” v e . r ,  nor :  C ’X t ” ’ s a s l v e .’ , i s , a ’:r’ as~~i a’ .a- C a r ’ :. ’ a’ : . : y .i r . , ’ losses alor, a- t i e  ou te r  s _ n d
i ns ’.” : bc’u,s. i s_ r i ’ : : .

To p r r n . it  ‘ I ce’  m it ,c c ’ s a - a s s u a -~:s  m 0” ~l ’ s_ i r , ”’~ ‘0 ‘ :. ‘ .1 = (°~~ eg angu lar
position , a s1”~’ was a-u’ i s  0.” C” :  .i~ CC ’ ,:’ ”'r wad I • ‘21 , : “ a - ’ wan a-Ic-IL wide i n
c-I .e. f l o w  “ I t s - c - c - i o n  and exc- .~~n ’l ’”l  1.78 rat C:’:,:, C l’  0’ ‘‘ ‘ a la’ s_ u s. The cent.s ’r ’l ine
s _ c - ’  c -n ’: c- l a : . was. t .1 cm fro:. the  le “~ I i : , , ’ e I ” ’  of ‘ 1 : ’  0’ . ’ e:’ i i  a ’Cus e r w a c  , . 1- was
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i s _ O t i s _ I l ’,’ t i . ccigl ,t tha t  t h i s  s lo t  wou l d ba _ v s l i t t l e  • ‘ . f f e c c -  on t :’.e acr -a . dlc-s_ an.i :’
w i n d o w  pe r - fo rm s_ r ac e , c-u t  its sreses.se r-esulted in  a n ,eaic-ur :: a-as_ it :: a’ re sr ’ c-ane. of ’
approximate2~’ 120 torr in s t e a d  c a ’ t i:e nomi r.al SI’ torn. The ac-m~ sa h e a r - i c  f l aw ’
through th e  :1cc- ‘caused a d i s c - a r t  as_ se  Is -the aeroi ::s_ aa- .ic wir , d .a w f low f iel i  wI’.i’sh
partial’: blocked th e ’  f low channe l  a_ nd  d i v e r t e d  s- a-ra e fr-ce Eta-es_n. flow toward c- :,e
simulated laser cavit’: scnn eo  is . .’ du c t  i aa ’r ea : is . s  ~~~ dus t  a ressu : :.  T’r ,e e f f ’
ti:e fIc’w t i , r - ou,’ia t i , s  sc -n c -  ha d  a n  c- ” e s - i c - c - c -  c- r eassur e’ n ’o ’cs’.a r”’n , :nun s_ c- l~~~~~’ c c c
i: not knows. spu s~n t i t a c - i v e I ; :, 1 ut c - a s  s ’ u a l i c - a , t i v ’c -  effeots were c - l e a _ r O y  s t a t e : .

all  c c - I s _er t e a - t a ’  c - h e  sIc - ’. was s e a_ c : .

Free sc-r ear .  p a i a o t  p ar€ . : s ’u r ’, d a t ’ , wer e - also c c - a s_ i rs-c- w i t ’:, l e a_ k s_ r e  f low Ieis’.s
a-er os_ ed f r - on  t iae :ir ’,’ulated l a se r  c c-s-sit ’: c - o s _ s _ ” c c - i s _ g  a c -u ‘~~ at a r at e of  ‘

~~- = l..~ “~ 
“ s e c .

The ren ,a-val of th i s .  l eakage  flow r e s u l t ’ is -a dec rease  ii: c-I. e slr ’uJ ac-ed lace:
caa- i ’c- y aa re s su r ’ c- , 

~~~ 
to non.isas_ ll : : 15 to:’:’ f r - on  t h e  Sal ta - a - a - :~

‘ re :sune I c c - e l  o t c -a l s . ed
;l~~~~~r O c a a d  leto~~~ 

~~~~ 
t i a d :~~~:: :~~:

i’iowever , at ar,guIlc-jr p ’os i t i  ari a’ of ,ie = ‘1” ‘an d Eta degrees  it  can Ic seen t h a t  c-i::
is_I card I :’.ar . dary  of c - n e  pa -ca - a -u s ’: c r c - f i l e  has :ao’~’ed c l o se r  to  c -Ic ’  c e n t e r  of t he

o’-~ ex (s”a,. .e’- ‘- va_ , , es 1  as se~ Fl:: 20 a’~~ 2_ ( a - ” Figs as_ u Tr s ~s
resul of t he  aera-c-y:.araic wi:,ja’w a c o z z l e  f l o w  ex’s- a s.i i sag to roa tc la a p r e s su re  of I~ t a -rn
rather than 50 t o ’nr  at the inc -oar -i ‘r’o,,:ciart:.

Free sc-rear  d a t a  for  t e s t s  cosc .luc-~~’a I w i t h  the  3. ’°fl—on :‘~‘uar e cross  s e c t i o n
aperture show the sam e t a - c s _ a c -c as sees, s_ id : t he  3. L 9— cr a dia c i r cu l a r  cross a-coal : :
arerture.

- :‘ea ’s’ ,a-e :rccf : _ e: c-a’. c - r a e  ~s, .Ows _ _ _  c .c’.a n :a ’.’ Ia-~~.’e r-s

The ’ es_ c -s_ a l l  ‘r’ o uy, d ’ar—,’ l ay er  pa i c - c t  p reso’.ire profiler are constructed ‘by cross
p a l o c - t i n a -  c - h e ’  radial  d i r t r i t ’ ’uc- ic s_ : , as shown Ir a F ig .  16 , at t a i n e d  at var ious
paosilc ’ns s_ ar c- -al  ‘so the er:da’ali. The ends_ al l cc - tot pressure profiles shown in
Fir . Ia wer e c ’tc -a i r .e d  for  c-Ic e ‘.5 a-~ cn , s’luare cross s e c t i o n  apertur e at ~ O = C deg
(nozzle exit plane) with and without leakage flow. At the radial positions of

= -‘.01 C L , ,  1.52 csa. ~ :i 1.75 cm it is seen that there is no sizat le effect of cavity
eaka;’e f~ ‘cv crc- the aerodvs_ arai c  wis_’lc’w nozzle flow field at the nozzle es_ It plane. A

s l i gh t  r e d u c t i o n  In p c - t o t  p ressure  Isa noted at r = 3• ta ( crc- suga -ea ’t ing .  that the
fl ow at th e is_ s: or tea-us-ads_ a- ’.’ of the vortex is e cpanding to  the lower cavi ty p ressure
resulting from rem’s-slag cavitl.- leakage flow .

The data shown in Fig. 22b were attained at an angular position ~e = 30 dea
(along the laser beam axis) with the 3.80—cm square aperture , wit.h and without
cavi ty  lea}aage flow remova l .  At the  radial  pos i t ion  r = i- .’T6 cm w i t i  no ’
cavi ty  leakage remc ’,’al , the low v a l u e s  of f ree  strea~n pi tot  pressure i a , i i c at e
that the  pitot probe was place.I  ou t s ide  of the aerodynami c wird ow nozzle flow

field . The r Io t  pressur e b e 2 r r ~: to increase  at z 0.0~4 cm indicating that

15
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a c ’ , ’r ’ e: is :‘I ’mw r,, ’a _ a -  t I e ’ e r: .i’.’aj l  l ’c’ ’.a ra ,’I a ’:r’: . Ti~”_ ’ i:’, i’ s _ a l e s _ a - a ’  c- t o ’ fad ’s’ has
:‘. c - , ’ra , ’,. ’ . ’ i ‘ ‘s_ a_ ri:’ t1 :e ’,” ’ a - t e x ceO ’s s_ Ic - ac -n ,’ “I : ”  en ’iw’~I! l. l’I’l:r’a , ‘ I , ’ 0’’ak ’a ,” ‘,..ma’ I s
:‘t.an. . ” ’.” ’ t h ~ val ues ~~ a i r  “a  a a ” ’ ’.’ . ’ ’ a r ’a a_ re. 5a-C’ ’i ” , r - , I : d i ’ c - a _’..i : , r ‘h a ’ ‘he C:” s ’ a’r ’a r .
is i ea ’lec ’c’ ,: c- c-wa r -a l a- ti :e ’ ‘~‘~‘r’ ’e x a-:’::r a-’: ac- ac-c’ ~~‘ e :’ar ”a a cs : ’a’n ta o “ I c e  j ” cc u ’ r c- s_ v et’ :
rare::. ’.ire ala- : :,’ t h e  i s _ sa r a ’s’ v a r ’ a~: 1’ .’c- ’ua:i”,r’: , a : . . i  C I a -  s - i :  ct  rI: ’’ I : ’ a. ‘~‘ ‘ In .r’’ :‘s~” I i n
t h e  Ca’ e’” a - t a - e ar : CIsc-’ . The a t ’ ’ ’  r ’a e s . ’c a r-: in  the sa c - Ic ’ s_ Is _ s. f 1 ‘. ‘.,s ,,1s_r ’: l” c ’:c’: is
loa’,oa’ t .la a e :c i r a  c -be  ac -a’ l eaakas~’ case  lae ’c sa c-a c-e a t’ ’c~-’ a’n of tics ’ I. u : a : , a r’: l a c e r  CI a-c-’
Is be t s_ s  :ea’. :’a-e : as c c - i c - i ’ ”  lea_ k ’~ ” 21w . At s~ a - s _ a c - i s _I r .C~s O t 1 c - ’ a !  0.  1. 1)1 cr:
actc - sc-. a r ’e.c - s . ’ . aa r’e a -a - f i l e s  r,s :’:::oa l c - c  ‘ l:a “. rc ‘I s _ a l l  wi t i. ana l wic - I’c c”u c- a - s_ c - ri ‘;: I
are r o sa -c ” c - I r a - I t s _ c - ’. Ti’.: Cr ”” s’r~”sc:’ I’ ‘ p r e s s  ‘ar ’s ’ t’c-’ :’ “ l a s ’  c - ca - c a  le”’l:”:’€’ ‘ c - a :  ‘ “1 ’ - :
is a c - l i , ’l , c- Iy ic - i sher  c - i a : .  C. ’:- c - b e  ca - r , ’i i ’ i c - :’ a s.c -dc i~’-,,k s_ .”e Ir ’oa ’:sca c -he  s_r ’ r-”i:d:s-” .. i c ” s _ i c - c a ’ s ’
no:zt e  C I a-c-c had ex’sasa .a’ie ai c-. “ w a r ’  ‘ I’:” ls:a r- a’. ‘oc x t ’a . ’a : , .]ar -c- : w i t I ’, ‘I s ’ s_ h a -c a a-sc l cd  ‘as
l acer’ c - a c -ak r ’i’ :’ c- c-’ r ec - . s ’.ar ” , The p l O t  cr~s:’u r-~= in tb .’ e a a i’s’c- J.l t a.a::a i” ,a-’: lac-:’::’ I’ ’ :-
c s_ sc - ’  vi al:  l€ ’a_ k s_ ge i s  ‘I c-we’:’ c - i c - a r ,  Ca-:- c-I :: no ’ Jo’s_c-care c a r e  0:’ c -he  a- ac-rae r-.” , s c s ,  i ‘ s_ a.’
l sa’ea- at a- = p a .~~2 c-n. ; “ i a - i ’ is , s.”a’,e of’ c -i .e t ’” aa rc ’l ’c a-’: l a:.’e r Cl”s is c - e m s re’s’, a v ’ - I a_ s

c s_ s_ i c - c - :  le’c-.kase f l o w . Ac - i n c a - i ’ s _ r e d  s_ dues of r “I . e  e f f e ct  of leaks_ se  a-s ’aa , o.c-”cI is
:eai uc ac- .i ‘.ar. ” i J  , at a- 11° o r., ac’s e f f e c t Is s_ c -I .e I .

The c - i t o ’ s  : r c ’ss’ :r r ’ :‘ r ’ o f t l ” ’  .i s_ t a  a t ’ s_ i s _ e l a’ ‘lo r a a c - ,”;J s_ r i ’coat d” :c of ,Icc- = “ ‘  ic-s
fo r th e  0 10—cr :: a: c - a: s _ as _ ’  ar ea ’ ’ ‘,ar ” a ’ s _ i c - h  s~s_.’i s_ i c - hoc - :’ c av i ’  :: le a_ ks_ se  ft “a’ rca’,. a a l  -crc
r ’r e s a s_ c -ed  isa F’i .~. di’s’ . ‘.“h ’o.c - e i ot a  show ’ the  s ar’:e ‘ rea ct s a:’. c-’l , :es - ’,’: ’.: a_ k, Al = ‘c-’ “c - i ., ’

b ut here  c- l i e ’  e f f ’ea- t o f  c-is ’ ea ’. ” r a_ in c ’ d ac- c- a’, :’s’,-i ’a r i c  fl ow s_ ” = 6. ’ Le’s I
t ic- cc- r e lat ivelc- :  h i s i :  lac - ”,’ei of s - I t o ’ a’ r -es. :aore wel l  o u t s I d e  c - h e  i de s_ I  a’c:r ’sa  l’a . ’ ::a ‘ a”’
‘c- c- a- = p a l, a’:’..

P ic -c c- na -toe n.ea ’ c -c - :aurc -uc - aera’ s w i c - l a  the 3. c - . ” — c n. dia  c ia - sa c -l a :  ca-os: ’ sec t c -c s  -‘c-a
::i:l b ed data sir:il, s_ r c -n t i e iOa ot”.airo- ’ ’1 wil l .  ‘ala : sos_ are s_ s’s r ” ’ : r”c. I :  ~~ = 0
cc - co ws: is. b I g .  l I l a , t h e re  is 1011: e C C ” c c -  of ’ sa’,’ic- ’: l~~aI-a ”, re fl ow on c - i s’ n i ” ”'f a ness ’

r- r ”  “'~~5~ .ai “ - a- “ - ‘ sa  -
~~ C e ~o z1e e~ I r’ “, -. —

5c r - c - cs _ ac - ed a-’: c s _ v a t : ’  leaks_re r”'’.n.”v s_ I  ‘oct . c-: .s_C C ’a ’c ’. : c - ace ’ ’, a. ”” r r - e a - s ’c-r-~ 5, ’ ‘a ”  c - n a
v :a -’ ”.’:: b o .as-, ’ia_a.’ -c-’ . Ti,: ‘a ’’: aa : , ’a”s:c I s_ a’c ’j g~ 231 for ang’,aI. a~a’ c’c’s ia ” Ia’ : ’. dc-I’ = ‘c- I’. ‘i t s  a . . ,. ,

c - a , ’ sc-sac-’ .‘i .aracO’r 5’ ic - l i ’ .  “, s ’,iPC Sa in  F i r .  ‘121 . T h i c k en i  ra g of ‘ I”  t o ’, la d ’s: l ay e r I s
‘.‘ ‘.‘ L : ’ . r .t s_ c- r = 3.63 as: ’. .  Ac - a _ I :  ::r, :a i” c-s’ r’c a ’sic - iorc de = E D  be ’s ‘1 : ” ‘ha ” ’, c ress’: ’ ” :  c - a :

20 e s _ b i l l ’  c -n e  ran ’: t , a ’a ic - s  :L’c sees , in Fir. 222; 0 s _ t  i s :  (i) Iv fa ce ’ sc-a -ea r .
r I t a ” , s’:-~’ aa . s_ re s_ c- a- — s ” (  cm ara I rc a-c J e s a k c - a s e  removal s_ I ’:. i n c a - e n s  in s  n O . . ’
at ti ” “a , is _ s_ I l. , ( 2 )  I n c a - c a_ s e c - c - Ca-” : 0 rear”. ac - i t ot  r r - e s a -u r e  v i  ‘1. I cc - ac - c - a r ,- ~“c-a’.oa’ s_lI ‘i~

r = ‘I” c-c- a’,, ( a - )  a rene ’ r- a’a l c-,1’a I 0 tow s_ r i t I e  a’ ‘a - ’::’, i s_ a ,::’ ‘c - s c- ar-d c-t a-” s_ ic - I . l ea _ k c- t,’e f .l sca
a-’ c - . . ’:’ :2 , a r a ’ c - ( 1)  i a  c -r ea red  a I * ‘~~ rre c- ’. rur ”  ‘.“,a ’t : I ’d: of Ice s_ cr ’ ‘ac ‘sc-a’ ea r I “us_ c-Sea-I : due

~
Tic- ” 1i ’  ‘ :e’.”.s ’.a r ’ a : -  “ ile ‘ia ’ s_ i r . i d” ”c ’ ‘ ‘I:: e n d s _ a l l t’.’uncar ’,- l a_ ye a -  f l ow

I ‘ ,a-s: , i s _ w a _ r b  ‘.‘ u’ a- i a ’  :‘re ’e— vc” r’t.e’x a-cr .’ “‘:‘ . I’s _ a n  t ot s_ i  s _ e l  a t  s_ a . g ’aI  ac - a - pa~s- c - a c -  ,~r s of’
1” = 30 arc- I ( ‘ c ‘i”’ S 51 a ‘u ‘ 1 ’ , ’ a l e ’s_ s ‘ I , :  \s_ ’rt c x inner t ’os_ rc .i:,r’: a larger c - i ’  a ”

is n ’ s _ s  a- ’ ’ I in  ‘ s_ c ’  . a : , ‘ a”: ‘t ’. ’ ’: ’  ~.}, ‘s-a i n  a h ” ' Cr” : :a ’ r’ -,.a’.. T h i s  resuJl is a-c- , .er ’v e d

Ce:’ boa ,:: the s ‘ r~r ’’ ’j r , i  • I ’ ’  c i a ’  ‘ i c - a r  :aa ’ e ’ a - ’ ai r’ e ’ , ’

1~

__________ ‘~~~~~~~‘~~~~~~~~~~~~~~~~~~



Fncwa l l  P.c us_ car :~ lav€ ’r P . : , e r g i z s _ t l a - s_  ‘I c c - c - s

The pressure  d i f f e r e n t i a l  ac ros s  the  f r e e — c o r tex  aea-a. c - c - a r - a l e  s_ is-’iaw ’ i : .a , c - c- :“ e a
by a mcm entu ,m char,ge is, t he  aer’s dyn ~ m i c  w i n d o w  f l o w . dir . ’c-e toe Cr: is_ a ’, I c-c ~r,
vasl oc c -t v  is Ic ’s_ er t b.a s_ t i’ : fr ee— a - t r -e a a c - .  a -e I ’oc i ty ,  t ic-c ac -nc ’. sc- a i.~’r. . ’ — t .. —a ’ac - ’ i t y  tre ss
dif C erer ,tia l cs_ uses inc a -ea se d tac -rs_ ir .g in c-Ic e b oun ds_ a -c - :  I s _ I . e ’ s  f l ’ s_ s _ b c - c - b. l e a d s  c- c a - c c - s
f l o w  as_ .i suh sec ..e:at. l e s_ k a g e  f low i n c - a  c- bce s i a - c l a t e a t  l a s e r -  ca ’:i ’t c-.’ . 0  s e r i e s  of ’  ‘c- e s ’s
ia .  wh i c h  as, s _ t a  en:: was made c - a -  e s_ e rgi :e  t h e  bz’ ., :ais_ r v , a s_ e r -  I’: c-i .it i a. cc-f l i s a .
‘.‘e l c ’a s i c -y  ad::,’ ‘a c - c e e s_ i s_ aI l s  was a - o s _ d u s t e d .

‘Is_ a ac -a ::Ie :ar r s_ ys , a rc -c f c - n  es_ cl ”. e s _ i s _ c - c -I l , cc-s’s. a - a - s _ E i s a  lao s of four  conic al s ’a ’s : l  cc
c-s -Fig .  .1’.. wea ’ e i esc-gs -ei 0. ;r~ ‘.‘ id e  er .e rg i za tlo r .  a f  ta r,: cy st s_ al l  b ou n d a r y  I s _ c - s a -

c- r. ti c-C free_ ’.’:r-te:.: aera ’ iyn ,arc -ic w i n .~. Fac ’t. : ‘ aa , l sa I  c-c-a ’ a oe  b c - a .  a C . 0 I l I — o n .  d c - a  t i .ro’. ,
a I ales i .aIf  ar ,r le d ia - e rg ea ’, c - e , arc -at ar .  area a-ac - i a’ oaf 14. The i s_ s ta t I c - i n s  -of the
es_ c a - siz er - s is a-lw’s. ss:”en .atica lly c - a .  F ir .  2 5 .  TIc- ”’. e s_ l w ’ s _ I l  ‘c - c c - .clar layer es_ e :gc - :ea -s
‘a-er: aes :a-”'”” so that t iara’ p a ls _ a : ’ :e’a ’ ia . ” a I ;  c- as. : center l in es ci ’ t h e  “ . a c - r sc ’s_ i ,aaI  r . a : : Iea-
s_ sc-s c_- i s , o ’ i I e s _ c -  s_ ic - I c -  t h e  a - c a - C c ’ s  a : ’ t h e  ca ds _ aIls a:,~’,’ea , f, c- a c - I ’.: aesc-dys_ az ic  w indo w ’
fl:..’. I acso -’ — ’ Jate t h i s  e n enr d ’ e n  :l ’ra’ en ”s -’ s, a sha d ow tn’u nrac-eai con i ca l  re:’ess
s_ a ,a ’ m aO I’cI r. e ’l is .tc ’ earl : I c c - c i t e  c’s . re.’ , . . .  Th i s  co ’s: l ‘s_ I  a - c c -es :  tnc ” : i ied  a t a - a c - s i t  i a : ’ .
Cr c -n  t ic -c e s_ I s_ a l l  tc -  t ic - c er , e:sl:es- as, a t a s k  ‘c-c t he’ en os ’ s _ I l  s _ i c - i a  t i c s ’  e n e r g i z e r  at
a’a r i a ’us  as_ s~~Ian “.a a a l t i . o n s .  The as _ sac - I ’,: c . .. :‘ ic - i c c - , ,  l , s f ’.he ea’.e:c-izer is lef’ir :e:  c- ac -
c- s.c a s_ s te meas ’c-n ec- ’i is -ierr ’ees t’ec-’a-e” : c - r a~c- I s _ s e n  ac-ear ps _ c - I a:c- ’l t .’,e flaw frc-s-,
es-ensizers . A s -‘0’ n c - s_ s  s_ a ’  c a - e l  c - a  seal c- s_ c es_ ca -si re: C a c-ic e es _ is _ all -

Tb” c - c - ca - c e of t a i , r a’ e: e r s i c - e a -  f low s_a:’ “be ‘,“IT ‘ 101 nrc - air ru t s -I : ;  a - u s c - e s .
T: aa c - t e:,e:si:s: fl -v a -ac - es cap 1 .061 kg ”ses , a: an; a ’ .:.:i ma t e ’ y Z . ~ r es ’ses_ a  of
a’s r - ’sal y a ’,c-,s-.ic s _ c - s _ i ‘ ‘a- f l ow w a - a - :  c - a ’ ’ a’ :~ “a , ’ :,s’ ’...’: t a . ’ -  e:c-e:’olea-:.

I a - I c-’e: c’ a:

‘a-c- c - s _ b  t r . en~,i o a e r  112w

~es t s  w ere s o n i c - i c c - e d  w it I ,  t he  3. 19— om dc - a aperture at energize: angular
p a r c - i c - i o n s  of ’ ~ = 75, 91’. and 105 deg . The p res su re  scpp r -r t  c h a r a c t e r i s t i c  Cc-”: c- bc-a
f r e e — v o r t e x  aerody n a ,a -a i c  w i s _ l o w  s_ ic - b a  the e n e r g i z e r  p o s i ti o n el  at ~ = 90 deg is sh sws _
is. F ig .  26. Tic-c value of t he a~”~tie s_ t— t.o —oa v i ty pressure ratio is lower than th e value
of the pressure ratio obtained without the energizer s in the en d w a l l r  over the range
of aerodynazra ic window nozzle  s’.u p a 7 i y  pressures tested . The presence of the energ izers

apparently cause d a flow distur banc e along the er ,de.’ail , , whic h caused i nc rea se l
leakage into the simulated laser cavity connecting duct. The resultant ambient— to--

cavity pressure ratio is lowe r than that obtained with the 3 .~~O—cm square aperture
see n in Fig . lIi . Wit.h the energizers at angular posit ions of ~ = 75 and ic -c -S degree s ,
ever smal l er values of the arnb ient—t o—c aa-i ty pressure ratio were ob tained .
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Test P.es’u lt s  vital :  Ener~c- ize r  F l ow

Tests  were cc’n ’i a , ct ea i  w i t h  c-I ce es_ c ’r -g i :e r :  at t i’j ’ee angular  pos i tions , at
energizer flow rates un to .i. per ces_ t of the aero ic - ’ac-ar -ai: wi .’ci :w f low , and at c - e r a —
d.ys_ ami c - vi s_ d c s_ n o z z l e  s’uppl :: p r e s s ur e s  fron: 9 .5  to 11.9 ats.. . The e f f ec t  of Icc -bc -c -se
f l w ’  reno ’~’aI or. t he  sc -n aa : l a t e i  la se r  ca’,’it ;.’ con s_ ect ing lu s t  t a - ca- su re  was m e a s u r e d  a”
severa l  valc -ues of es_ erg ize r  flc ’w . A c r - n s a -  pIt  cc-f these c-d at a s_ b c - c - i, a -how:  c - I ”, e ef feat
of en e r sc-ze r  f l o w  on i ealaase c- s-t e the  s i n s_ I s _ t e l  laser c av i t y  cos-s_eotis-g Icc-c- is las_c-,

c -n . Fi g. IT . For a c a vi ty  p r -err ’s_ re of -0 t orr , for i s-star.oe , tIc-c sac-it :: lakace f l a w
aa ec - ’r e ase ’: fron. 5 .1) ga-a . a-es c - c -  : . e ”  c-es  (a  25. l ea -cen t  re’.o’uctoos-) by ~s_ o rea::s,s the
es _ er gc - zer - airflow from C to  2.1 rerses.t cf the aerc ’dys_ anc-ie w indow f low . I’o s_ s ,ec t i ac - s
I’s_ ct  p ressures  cc - c - s_ i s _ ed  foc-’ t e s t s  w i t h  the energizers  at asc-g ’s_lar p o s i t i o n s  of
I = T5 as_ i, 105 dec were all greater t h c -n  95 torr.

Sur-mary of Four ,darv Layer E n e r g i z a t c - :s_  Test Fesult s

F esu lc -s  of the ends_ al l  bc ’ur ,Js i” - ,’ l ay e r  f l o w  ene rg iza t ic ’ n tests show that
leakage In c - a- the s i m u l a t e d  laser ca c - ’c - t y  c o n n e c t i n g  duc t  can be reduced by using
:s_ ig :n v e loc i t y  f low to  energ i ze the  e:cds_ai l t ’a-u:.dar ’,’ layer . The test r e su l t s  a la - c
a -ho w t ha t  the  ae rc ivne,s-i a- s_ Is_ d ew perform s_ s_ ce was adversely af fec ted  by the flow dis-
c-cr -lan ce s the energizers caused a1 c-’.’s_g c -he es _ -dw’a l l s .  These r e su l t s  i n d i c a t e  f u r t h e r
in v e s t c - g a t i o s_  of ac t ive  boundary layer  c c ’s_ c -r d  is warranted but care must be given
c- c tIc-c desi gn s-f the  enersizers to prevent the energ izer con figuration itsel f f rom
causing is_creased leakage i s_ tc~ the laser ca’.’it:,’ connect ing  d u c t .

Es_ t rainr’aerc - t of I”urge  ‘c -a res  ly the Aerodynamic Window

‘Iys.isal l c-.’ , laser c - p c - c - c s  system s r e q uir e  that various components , such as sc - i r a -or - a -,
be p ’ s_ a - g e l  s_ c-t I’, a clear , inert gas to prevent optical quality degradation by the cor—
ro.:1.’e r acer  ‘used in the  laser syrte sac- . Furthermore , the duct ing which houses the
van : .,a- cor-c-p o . s_ es_ t :  of the las er optics t rain may requ ire the use of purge gas to
pr -ec- -ent r e a c t i o n  p r o d u c t s  from accumulat ing in the d u c t  and absorbing laser power .

A ocn~t ins _ c- ” us f l o w  of these purge gases must be provided . The continuous flow can

be mac-s-tained by e xb c a u st i r g .  the  purge gases through the laser cavity and atten d ant
di ffu ser to the laser exha us t site. However , because the pressure recovery of the
laser d if fuser  can be de graded by entrainment of lar ge quantities of low l’~ach n uraber
purge f l ow , it would be desirable to use th e aerodynamic window flow to remove t h e
purge  f l o w  via entrain ment . A l imi ted  number of tests were conducted to det erm ine
the feasi b ili ty of using the f r ee—vor tex  aerodynamic window to exhaust purge  flc” w
frorr , the connect ing d u ct  which j o i ns  the aerodynamic window to the simulate d laser

cav i ty .
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h escal anal Ia-a- s_ s_ sd  a .

‘lest:. t a - ‘re t er -sa c- r ae t h e  e f f ec t  or’. a - a v i t y  rr : .~s’u s-e or ’ in ,~” ,’’ i ns  ‘.‘ -s :iocs a.aro u s_t a-
of ‘as- se gsrs i n t o  tI,: cn s-nectis ’.s duct l et  we~~:’ , t i c s ’  at ,’: ” . , i : a:s _ ,” .c - c s_ i na - ow and ta lc: s imula te
I s_ s ea -  s- ’c- ’.’i t ‘ ‘sea-c co a c , i , . ’t e i  s_ c - t i ’, the free— s_ arts ’ : ’ :  aea-o :c r . c-,.:’. ’, c  w’ 1 a , i . o ’~’ ac - c ’~a a e l .  The c - .~rge
i’s_ ca was s-et e:’ec- w I t  b~ a sbc - okc -”.i t’ic - c-w venturi  a c - s _ ct  c - s_j s ’c - t e ’ i  a’ .s_ r’,;.’ ’ . .- , nc ’c ’t i  s-s— ’o~~.a’f i ’1ana c ’t ens
‘~‘sc-,’ Ca-on. tics’ ci c ’r ’ ‘ i;.’s-as_c- , i c  s _ I s _ l a w  tc ’ ensure  a c ,s_ 1 r ag’:’.’. f ’ l ’ s _  d i s c - a - c - I c’ I a ’s -a t  t Ic-c 1:1 sc-c-’ —

fac e h eIc -’eea . t he  s_ :a”c-,a.vs-as-Ia’ w ’c - n ’i c ’w a s _ I  the  .‘ a - s _ s _ e  ‘‘ i a . , ’ I ’ ; ‘I . Test:  c-’” :’ c-’ ’c - c s_ ’ d ’c -.cc- e l
at a::-’c-.iys . ’.s_ a . i _’ ’ a - Is_ is ’w s-o:: 1€ ca ’ ,~s c -  ly  ss’~~sa - 5t ”~ of 10, 11.1 a :’, :  11. . ( at :’. u s - i s . ’ v a rc -o o s

‘a- :‘ c-, s_ vs  of s _ c - t a - o’er. : s n c - I c - c - c r, as t he p’s_a’s: gas . ‘lice e f f e c t of ncr’s: gas ma::
:‘l .ow e r a c’is-’ a l s _ t e d  laser  a - a s ”.’I c - ; .’ pre c ’.oa ’.ar e is sh own  in F i r .  28a. Is c-bce ~s-o ;s_t of
s-c-t: ’oges_ c - r a t e d  c -c  c - i c e  oac , a.~’ ’ is: ’ c - s_ s t was irasrea sel from 0 tc 1.5 gm/ sea ’ , c-las ’ c a v i t y
pre s, a ,;a’c’ c - s _ sr - s ’a c - : ej  Cr -cm 53 r: to ad t a - c - ’ :  f o r  a n o z z l e  supp lc - -  press’s_re of 10 at::.
,Inc :ec-a ac - i a , s  t he  n c - a - c l :  aa ’ . r pp l”  p a - c c - c - a r e  .11 :1 s_c ”. ac - c -p a - c c - c - a t  ‘.y sic-as_ se tal c -c ’ resultant c a v i t y
pa - cc - o s_ a -es. l’ ’hos -Ic-ella-a s_ a c -  ‘s_ a- e l c- c - t h e  p’s_rsc ’ s’~s , a cavit;.’ p a - c a - s c -re of 87 t o r n  was
s t t s_ l a c e . i  at a p’s_ a-ge s’Io w a-a’ e of 0.I’c-’ cc - a c - , a-es . Th i s  p r e s su r e  is c o s _ s i c I e n a t l y  h igh er ’
c - i , a ac -  c - I s_ ac -  c a’resnon.i i r,~- c-c arc - :aui ’,’aI er. t a -a s_ sc a’l ow rate of n i t r c a a g e s _ .

‘lice ra t ’c- at s _ i c c - c c - c -  a a - c - a c - r c a - t i : ’ ‘d c- c a - ta of f ’aI a-: e a 
~-c--cc” ec- s’a- is cler ic -cc -ed Ic -v c- Ice c- s_ ca-sc ’

i-as , fo r’ a C l: . ’.:: ca’.’i’tI : iaa’ esac - ’;re , is p a ’ .’ . a s ” :t c - c -n ,’11 to th: volumet r ic -  f l o w  ra te  of
c-bc e r:.rre ‘as. Id cea -eC cs-e , the ‘au ’fe a -t  c- a ’ t i e  oa r s :  gas on c-ice s e a - f e r n s_ s_ c e  of t he’
aea - cd’~’n i’oc-c w’i r c - t c s _  Is l e t t e r  asc-c esse. i  re dc -t  iv: c-c the vo lume t r i c  CI a- c-v rate of pc-ra’ se
sc-c-c- . ‘~0s_ :: . tic: pr -ca - cc - ca -c  dat a a- f F ir .  I c - a  are rep ’: nc -t ed in F i r .  ‘lab ve ra - c - a s  v o lu m e t r i c
f l ow  r at e , I is c-ce: . ‘abs _ ta t a lc -c s_ se  of’ Ic -etc -s_ a - . as a purge gas c-s_I
p r - c c - su r e  c - c - c - c -s - s . c - c -  r’ ” a  a ’ a ’ a ~a cc - ,c - ’ : r~’ c a , ’, c - .  I

‘I’h’c- ca , it ha : l e e r ,  i em o s_ : t r - a c -. ’a’ I t i a at  a Ca - ce—v c - a ’ t ex  aerodvs-c-iaac - I: wir ,dc .’s can ‘be
c-c - :e .i to . c: :as . u a a a ~ .a-.’e tIc ’s Crc-car, c- Ic-: I s _ c t  a - o s_nc.’t d ac s the aerod;.’rc a.’a.ia’ s_ is _ l ow’ to Icc’
sc -n c -.dat ’. .’ I i c - s_ c a’ c a ’:it ; : . ilo’a -e’,’s’r , ta - c ca ’xh s_ u s ’. c - c - a :  n c - a r ’ ,’: f l o w , the  aerc’d;.’s_a.’a’.ic
w in  dv  m a - s t b e a- ac - s ’s_ I I: of operatis :s  w i th  l i ” t l e  I c c - c -k s_ g e  at a sia ’.~ a , a t e d  ca’.’i tl .’ p a - e s —
c - .rc owc: t i c - c r ,  ‘c-c: :,st, :a ’. ‘ ps a--ac- I s_ s  pr e:s , .r -r ’  or ’ Id laser c a v i t y .  The aea-c’t;:a:arc-ic
s _ i s _ l a - v  tes ts ’ i s_ s. I:: c - c - a c - a - ,  s ra a sa - ac -n. , fo r  ex ’.s_a.pi e, can he used to :a’:hac-:st purge f.1 a-s_ for
Ic - sea - s ‘ a - c - i d .  a c a ’ c -’ a-r , ’, caa a t a c - c vi ’ ; .’ i r ’’s.c: ca ’e o:’ a-fl ‘ a’:’ ’:’ . ‘.“~‘ ‘,‘~-c . ‘a ’ e ’ 1 a . ’i . .’ . s_ l ,, ;
a - c c - s_ i t s  of Fl. b”I’ rica-v I b. c - c - I  t h e  c-ca- , ’.’a- c”r ’st aea -Qj yna cj c - :c  wia ’ . i c s_  w a - u t  .1 he cor ac -rc - ’c- t i hl e
‘s_ ic - h a a c - c - c c - er sy c - ctae :’. s_ ic- I c c - .  a - p a - a s t e r  at a cavi ty  pressure  of’ 7Cc tc ’r -r  a n t  requires  a
f :’ca-se i-a:: f low’  rate of’ 30 .c -t e r s . / sc - ais _ .  The cap .as_”lty of the present aerodyn am ic w ’ c - a . l s w’

-
‘ e:-:l ’,ausa t p c c - a -~-e c ’rc- ses w a - ca l ” :  be increased by u t i l i z in g  t e ch n i q u e s  which  red ’ .ase or

e l i m i n a t e  ta ’s_c i cakac -s_’c .’ c- ltn ” cu , ’i’, the crc - i s _ a l t  boundary layers  a s _ i  hence ac -i l a -v the aero-

dynamic window to ope:at c- w i t h  zero leakase at a c a v i t y  pressure less ted :: 50 tc’rr .
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Ch ic I c - U S :  ‘ic: Aid’ Fh .” lCItIbc-liTAT ;’li :

The r e s u l t s  of experiment  a- s o s_ d u s t e d  under t h i s  pro ,r:an. i ndica t e  t ic-at leaks_ se
a c - a - a - c - s  a Cc- -c e—v ortex  aerc’ l, ,’namic window’ is c- rae resu l t  of cross f low ir, t ic-c e s _ a s _ a d
t a -u r I s_ a - ; :  I s_yea’s .  The f low pa t t e r -r a :  s- c - sea - c - ed  in f low v i su a l i z a t i o n  t e s ’ . s .  s a s s _ I s _ c - c - e d
v i t h o ,,t a net removal of f low fro c-aa the s imu la t ed  l a se r-  c a v i t y  c l ea r l y  si c - c - ’. t h a t the
en d s _ a l l  bo’s_r .dar ;,’ layer  f low is de f l ec t ed  toward the center of t he  i dea l  C a - c e— v a - r I : : :
s_ ac - : c- s. c-c- a p o r t i o n  of the f low is inges ted  i n t o  the s imula ted  laser  cavity
c - ac - s  I s _ c - c - .  Fu r t h e rm o r e , the t e s t s  reveal that a net removal of cavity l eakage f l o w
cac -a~~ed e’.’ea. sac - ore of ’ the ends_ a l l  boun dary layer flow to be d e f l e c t e d  c - s_ t o  c-b .c s in ’,... at e .l
l a se r-  cav i t ; .’ c o n n e c t i ng  du c t

ltvide :’,se of cross f low in t i c-c es-ds_ali b oundary  layer wa: a l so  o’l s ea - ’.’el is. c - b c e
r e s u l t s  of c- ice p c - t o t  pressure  su rveys .  The p i to t  pre ::’s_s’e measured  at r a d i a l  p
t i c s _ a -  c - s _ s c - i c  of the c - a c - s_ er  s_ crc -c ) :  r ’o .., s_ darv showed no f ree  stream aero dynac .lo  s_ c-s-d ’.
f~ os_ I’s_ I as the pr-ct ’: s_ as moved close r  c-c c-he ends_ s_ i l  lc-igb ’.er p c - c - c t  p re sa :us -es  s _ a ’
c -c - sea -vea l. TIc-at is , c-i.e aerc’d vcc- araac-c w ’ir, i c c - ’  f l o w  bc -a l m igna te ’d  r a d i a l l y  Ia -wa: :  th e
va r-tea .: i s _ s _ c r -  c-co ’s_s-alary a long c -he  en. lw’s _ I I s .

F :’w ’.’c - ’:’,,al iz a t io r ,  t e s t s  s o s _ i c c - t e l  s _ i c - I .  lase: cav i ty  c o n n e c tin g  d u c t  s_ a - er - c - ..nes
s _ i c - i , a Ic - s_ se  n e ’c - s s  -at the en .dwal ,ls i nd i ca te :  t hat the ends_ al l  boundary  laye r f t c - c - ’
is iiv ’arc -e I as_a;.’ from the laser cavil ;.’ i n to  the  d i f f u s e r .  TIc-us , the p r e sense  of
ba re area c - cc - s_ eec - a the laser cavity aperture and the ends_ all is a means of p a s s i v e
to ’s_ sc- c-ar-;: layer control. Ic - s_ s_ s - c - i t s_ c -i s_ e ly ,  the p ressure  support cha rac te r i s t i c  fo r  a
c : ’s_ f i s ’ a r - a’a ic r ,  s_ i c - h  an apert’s _ .re  ha’.’± s_ g base area showed a 55 percent is_pro’.’enes_t is-

tI,: a m t i c s _ t — t a - — c a v i t y  p r e s s u r e  r a t i o  alcove that  obtai nable w i t h  an aperture c o s _ —
Ci ,” ,, r c - c - c - i : r ,  s_ I c - i c - i c -  c -o cr  sc-ct r n c ’ .’i .le a base r e g i o n .

Ar .:the : means  of r e d u c in g  the l e akage  ir .t.o the simulated laser cavity is t o
en e :gi : e  c-he crc- lw -a l l . .  ‘b o c-ur,’iary layer-  s_ Ic -I ” Ic i gl c -  velocity a i r f l o w . This technique , an
active ’ c - curds _ a - ; :  l aye r  c o n t r o l  t echn ique , was used s u c c e s s fu l ly  in reducing the

s’:lc-c-t i’,’e Ic-k s_ se  ac ross  t I ’ : aero l ;:s_ amic w indow . However ’ , t Ic -c physical presence
of ’  t Ic”' er .ers i :ero s_ real  in t n i s  proga ’a.’a. , w i t h o u t  ene rgIze r  flow , d i s t r i b u t e d  t h e
er, ds_alI I cc - s_ s_ i c - a - ’: lac -c- :er - f low and caused an c- s_ crease  in c avl t.c-,’ leakage above th a t
c t t c - l r . e d  ‘a ’nrc’u g’a . the pass ive  bc ’s_c-c-dc-r I : lac-ser ocs-trol ne c-Ic -cd. W i t h  energ ize r flow
the  ca’.-Y ;.’ leaks_ se s_ ar r e d u c e d  t at  not to the  level obtained w i t h  the pass ive
hoc -c-c-c-is_rI : la;.-er cont ro l  t e c h n idu e . Further  des ign  e f fo r t  may achieve a net improve-
ment  s_ i t s .  c-I .e a r c - ly e  bounda~~ layer con t ro l  t echnique .

The at .ilic- ’; of the  f ree—vortex aerodyn ami c window to exhaust purge gases fr -on.
t ic-: simul a ted  laser cavi ty s_as dem os_ cc-ra ted .  However , t a - c realize the  ful l p c t en t i a l
fo r  ex ,h a s_ : t in r  purge gases th rough  the ae rodynamic  window two factors. must  he
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t a - ’a~c-c c- -si.  F d a - c -, t a ’  Sc ’ S ’” : ‘a , ’c-c-’ :c ‘a - I s _ i s v  n ’s_ s t  c - c  d s’:is::i so “ i s _ c -  t a ’ . .  l a--c- zr ’s_ a ’s
a: the c - c - a c - e s - C c - c c  w i t h  c- Idc- laser ca’~’ity (vo rt ex  ir,ner bound a ry~ is  lower thara t i c -C ’
a - a - c r a t i n g  c av i ty  pressure  of the a t tendant  laser device .  Se c - os_ a l , to more e a cc - Iy
achieve I ’s _ i c -  des ign  c o n i c - c - i c ’ s -, the laser cavity leakage must ‘be m i n i m i z e d  or
elc -lrs_ ir. ac -e ,i either c-v ac - c - i c - c or p as si ve t cundar z ’  l a ye r  control techr .iques .

Fed~, c t c - o : c -  of the leakage ac ross  the  f r e e — v e r t e x  aercc- clyr , a mi c  s_ i n c - r a w  v i a  par ed -.’:
l a co’,a .s_ das”c- las_ er c - c s _ t a - a l  n, cc - : . ’c- r ,c - sa ’c -s ’a-’c- ra ’aa .t s  f ’s_ rt:c -er - i r ,v ’asc - c - s c - t i c s  -“ o ‘tae’: sclor a-.: fl s_ e :
ape rt ure  c-c-c ’s_ fc-g ’ . :ra’t i c-ac-s et c- c -er t h an  the i n i t i a l  co r c - f c - ’,.,:at ’i ’:c sa s e’;al’u a’e’i in t n c - s
t a -a -c ram . Also , bo s_ nda ry  l ayer  fenc es  along the es-dwali s ma;’ lead c-c.’ c-mpr oc- ’e :  pea--
f o r m s_ s_ c e .  Tic- is t e c i , s _ c - c -  cc wou l d u t i l i z e  p h y s i c - a l  h a r r i e r -c -  to prevent  ins _ c -n . j
mi o r -a t i os , of c- ice hc - ,~r . la rv las_ c :  f l a w . F e d s _ c c - i a - cs -of ca’.’c-ty  leaka ge by e n e r g i z i ng
the enic - ’a,I  boun . ia r ’,- Ic--es- f l a w  a l so  bears further anc-’e:t:gat :os_ . Is_c-ac-c-ar-;,’ .,a er
fl ow e n e rr c - :at i o n  t’,’ i n . ,~ea ’ t c - n g  a c - c - si ’. ve l o c c - t y  fl’s-v p a r a l l e l  t a -c -  th e  ends_ aI l s  s_ ee ls_ a
increased work .  Fs_~-:.i c c - .  l ice r e : u l ls  of c-ra e l i m i t e d  t e s t i s _ a -  c ’ s - ac -dus ted  in  t h i s  a - c - dc-.
a c-rea c- deal of oar e sa c - s_ s t  be put iac - the ’ a - e s c - g n  of the energ i z e r s  so as not to
d e l e t e r iou s l y  a f f e c t  t h e  f l o w  al ’s-s_ s c- i .e  er .iwaI i s  as_ .d , c - b c - ca - e ly ,  negate  c-he aivamt ac -’a-c-
of c- Ice te c- a hc-c- c- q, ce . A c - cc - c -her -  t e ohnc - qs _ e  s_ o d d  em p I s y  an a p p r o p r i a t e s a c - c d i f c - c a t c - c n  to the
ae ro dynamic  s_ c - s - ic -v  n o z z l e  contour: ta. is_cre’as-e the momer. t’u ,r’.. of ’ c- bce flow ad ,~aces-t I:
c- rae e s - d w a c - l l s .  T ic - ic -  m o d i f i c a t i o n  vs - s_ I :  b.c p a a - t l c s _ t a r l ;~ a t t r a c t iv e  s ince  it fully
i n t egra t es  the energ izer  wi th  the s_ crc iynazic s_ i n c - l a w .

Fins_ Il. ;:, i n v e s t ig a t i o n  of ’ th . e acr -~ dc-’na ra icc c-r ,c-erra c tior ,s arising froac- inte-
gra t ion  of the aerodynamic  w i n d o w  s_ ic - i ’. th e  laser  system a-la s’s_I be pursued . I f
t ar t c -c u l a r  i n t erest  are the effects of the  p u r g e  sys ten  on the c o nn e c t i n g  duct  f low
p a t t e r n s  and possible  acs-s_ :t.ic c - s c - c a - a c t i o n :  a s s o c i a t e d  w c - t c - .  coupt i r .g  the aerodyn amic
wind ow to a laser ca’.’c-t . y .
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R77— 912076— 3 FIG. 1 1

PHOTOGRAPH OF END WALL FLOW PATTERN FOR 349 — cm DIA APERTURE
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PITOT PRESSURE PROBE AND TRAVERSING ASSEMBLY
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E FF ECT OF ENDWALL E N E R G I Z E R  FLOW RATE ON LASER CAVITY L E A K A G E

3.4 9 -  cm DIA CIRCULAR AP ERTURE

= 90 DEG

~TAW - 1 1 .5 ac- re

5.5

I.

~~~3.5 -

~~~~~~:: 
~ 0~5 1~0 1~5 2.5

ENDWALL ENERGIZER FLOW RATE ,W 
ENG. 

PERCENT ,W~

77—08—66— 1

— F e .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



P77 — 912076—3 F IG,  28
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