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A Fabry-Perot etaton with a wedge-shaped arrangement of the mirrors 
is applied to the study of low-density air flows. Interferograms of a 
gas flow past a cylinder at a pressure of 5 �9 10 "~ tort are presented. 

The u t i l i za t ion  of a F a b r y - P e r o t  e ta lon  for  obtaining 
s p e c t r a  of s u p e r s o n i c  r a r e f i e d  gas  flows pas t  mode l s  
and ca lcu la t ing  the dens i t i e s  at the mode l s  has  been  
communica t ed  p r e v i o u s l y  in [1]. The m i r r o r s  of the 
e ta lon  w e r e  ad jus ted  p a r a l l e l  to each other ,  and were  
i l lumina ted  by  a co l l ima ted  m o n o c h r o m a t i c  l ight  beam.  
The cen t r a l  po r t ion  the s y s t e m  of i n t e r f e r e n c e  r ings  
was v iewed by  a s m a l l  ape r tu r e ,  while the i n t e r f e r e n c e  
f ie ld  had the fo rm of a un i fo rmly  i l l umina ted  su r face .  
The gas  flow p a s t  the model  was made  to p a s s  between 
the m i r r o r s .  A change in dens i ty  at the mode l  r e s u l t e d  
in a change in the i l lumina t ion  of the  i n t e r f e r e n c e  f ie ld .  
The dens i ty  f i e ld  was ca lcu la t ed  with the a id  of a 
p h o t o m e t r i c  r e s o l u t i o n  technique b a s e d  on the depen-  
dence of the opt ica l  b l ackness  dens i ty  of the negat ive  
on the phase  d i f f e rence  c r e a t e d  by the nonuni formi ty  
being studied.  

Another  v e r s i o n  of the app l ica t ion  of a m u l t i p l e -  
wave i n t e r f e r o m e t e r  to  the de t e rmina t i on  of the  
p a r a m e t e r s  of a gaseous  med ium s i tua ted  be tween 
i t s  m i r r o r s  is  the  use  of nonpara l l e l  m i r r o r s ,  i .e . ,  of 
ad jus tmen t  to f r i nges  of f in i te  th ickness  ( r a t h e r  than 
to fringes of infinite thickness, as used in [I]). 

Earlier, a wedge-type Fabry-Perot interferometer 
was applied to spectroscopic investigations of various 
types. For example, Korolev [2] has used a wedge- 
type e ta lon fo r  s tudying the fine s t r u c t u r e  of m e r c u r y  
l ines ;  in [3, 4], a wedge - type  i n t e r f e r o m e t e r  was used  
as a s p e c t r o s c o p e  and as an i n t e r f e r e n c e  mono-  
c h r o m a t o r .  To lansk i i  [5] used  an e ta lon  to s tudy the 
topography  of p lane  s u r f a c e s .  

F r i n g e s  of equal  width w e r e  used  a l so  for  s tudying 
va r i ous  nonun i fo rmi t i e s  loca ted  be tween the m i r r o r s  
of an etalon.  Pos t  [6, 71, for  example ,  used  a t h r e e -  

p la t e  i n t e r f e r o m e t e r  with equid is tan t  m i r r o r s  for  
obtaining the f ie ld  of a hea ted  w i r e  loop and d e t e r -  
mining  the s t r e s s e s  in a t r a n s p a r e n t  model .  

This p a p e r  d i s c u s s e s  a new effect ive  appl ica t ion  
of a F a b r y - P e r o t  e ta lon to the s tudy of l ow-dens i t y  
gas  f lows.  

A s c h e m a t i c  drawing of the app l ica t ion  of a wedge-  
type  e ta lon to  the s tudy of nonuni formi t ies  in a i r  flows 
is shown in Fig .  1. The gas  was made  to flow between 
two m i r r o r - c o a t e d  p la tes  ( re f l ec t ion  coeff ic ient  of 
80%. The p la tes  w e r e  a r r a n g e d  in such a way that  
t h e i r  m i r r o r  s u r f a c e s  fo rmed  a c e r t a i n  d ihed ra l  angle.  
The c o l l ima to r  sec t ion  i nco rpo ra t ed  a l o w - p r e s s u r e  
m e r c u r y  tube (1) [8], l ight  f i l t e r  (2) with m a x i m u m  
t r a n s m i s s i o n  in the range  between 5770 and 5790 ~, 
and lens  (3) with a focal  length of 300 ram. The r e g i s -  
t e r i n g  sec t ion  contained lens  (5), a p e r t u r e  (6), and 
"Zeni th"  c a m e r a  (7). The nozzle  f rom which the gas 
flow was expe l led  and the model  w e r e  p laced  between 

the p la t e s .  Al l  the e l emen t s  of the i n t e r f e r e n c e  scheme  
were  r i g i d l y  mounted on a common f r a m e  that  was 
coupled to the  c a m e r a .  F i r s t ,  the  e ta lon  was adjus ted  
to f r inges  of equal  incl inat ion in the convent ional  
manne r .  The a p e r t u r e  then was made  to view only the 
c e n t r a l  por t ion  of the i n t e r f e r e n c e  pa t t e rn ,  while  the 
c o r r e s p o n d i n g  angle  was achieved by t i l t ing  one of the 

p la tes  (4). The width and or ien ta t ion  of the f r inges  
a r e  defined by the va lues  of the opt ica l  dens i ty  and 
i t s  g rad ien t  in the medium under  s tudy.  

F i g u r e  2 shows typ ica l  i n t e r f e r o g r a m s  of the flow 
of a r a r e f i e d  gas p a s t  a cy l i nde r  10 m m  in d i a m e t e r ,  
s i tua ted  n o r m a l  to the flow axis .  

It can be seen  f rom the i n t e r f e r o g r a m s  that  by 
v a r y i n g  the or ien ta t ion  of the f r inges  i t  is  p o s s i b l e  
to obtain d i f fe ren t  d i sp l a c e me n t s  of the f r inges  in the 
s a m e  reg ions  of the f ie ld  for  the s a m e  flow p a r a m e t e r s .  
In F ig .  2a, for  example ,  i t  is  p o s s i b l e  to d e t e r m i n e  

Fig .  1. Schemat ic  d rawing  of the e x p e r i m e n t a l  equipment :  1) l ight  
s o u r c e ;  2) l ight  f i l t e r ;  3,5) l enses ;  4) e ta lon  p l a t e s ;  6} a p e r t u r e ;  

7) c a m e r a .  
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Fig.  2. I n t e r f e r o g r a m s  of a f low pas t  a cy l inder  (Mach number  M -~ 4, 
s t a t i c  p r e s s u r e  of 5 . 1 0  -2 t o r t ) :  a) ad jus tment  to ho r i zon ta l  f r i nges ;  

b) ad jus tment  to v e r t i c a l  f r inges .  

... ~ high d e g r e e  of a c c u r a c y  the p a r a m e t e r s  in the  
reg ion  of the  fo rward  s tagnat ion  point ,  in p a r t i c u l a r ,  
the s t r u c t u r e  and magni tude  of shock l a y e r  sepa ra t ion .  
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! 
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Fig.  3. Dens i ty  d i s t r i bu t ion  curve  (Ap in g / c m  ~, 
Y in ram).  

The common shock-wave  f ront  is  c l e a r l y  r e p r e s e n t e d  
on the i n t e r f e r o g r a m  in Fig .  2b, p a r t i c u l a r l y  in the 
p e r i p h e r a l  r eg ions  of the flow. This shows that  op t i -  
mal  ad jus tmen t  should be se l ec t ed  for  s tudying any 
spec i f ic  flow condit ion.  A s tudy of the i n t e r f e r o g r a m s  
r e v e a l s  that  the r e l a t i v e  width of the f r i nges  is  r a t h e r  
l a rge .  This  is  a t t r ibu ted  to the insuff ic ient  mono-  
c h r o m a t i c i t y  at  a d i s t ance  of 60 m m  of the sou rce  
employed  in the e x p e r i m e n t s .  In sp i te  of th is ,  the  
photographs  obtained lend t h e m s e l v e s  to quant i ta t ive  
a n a l y s i s ;  for  th is  purpose ,  we used  the convent ional  
i n t e r f e r o g r a m  i n t e r p r e t a t i o n  methods  in twin-wave 
i n t e r f e r o m e t r y  [9]. F i g u r e  3 shows the dens i ty  d i s -  
t r ibu t ion  over  one of the c r o s s  sec t ions  of the flow 
behind the shock l a y e r .  The or ig in  of the coo rd ina t e s  
co inc ides  with the fo rwa rd  s tagnat ion  point  of the  
model ,  the  X axis  co inc ides  with the axis  (in our  ca se  
X = 0.35 mm) of the model  and the flow, while  the Y 
axis  is  n o r m a l  to th is  ax is .  The va lue  of the  dens i ty  
i n c r e m e n t  behind the shock ca l cu la t ed  f rom fo rmula s  
in the  a e r o d y n a m i c s  of continuous m e d i a  i s  Ap = 3.08.  
�9 10 -5 g / c m  3, while i t s  e x p e r i m e n t a l  value  is  Ap = 
= 3.2 �9 10 -~ =e 0.2 �9 10 -5 g / c m  ~. P r o c e s s i n g  of o the r  
c r o s s  sec t ions  behind the shock wave y ie lds  va lues  
that  a g r e e  with the  va lues  given above within e x p e r i -  
men ta l  and p r o c e s s i n g  uncer ta in ty .  Thus, i t  m a y  be 

a s s u m e d  that  the dens i ty  behind the shock wave is 
cons tant  for  the flow p a r a m e t e r s  under  cons ide ra t ion .  
In d i r e c t  p r o x i m i t y  to  the model  (0.2 to 0.25 ram), 
i n t e r p r e t a t i o n  becomes  diff icul t  and r e q u i r e s  deve lop -  
ment  of spec i a l  i n t e r f e r o g r a m  i n t e r p r e t a t i o n  methods .  
The curve  shown in Fig .  3 is  a l so  su i tab le  for  d e t e r -  
min ing  the shock wave th ickness  which m a y  not be 
t r e a t ed  as  in f in i te ly  thin. The shock wave th i ckness  is  
roughly  0.3 mm,  which cons t i tu tes  s e v e r a l  mean  f r ee  
paths  of the gas molecu les ,  ca lcu la ted  on t h e  bas i s  of 
the oncoming flow p a r a m e t e r s .  

The e x p e r i m e n t a l  r e s u l t s  obtained may  be con-  
s i d e r e d  to be in s a t i s f a c t o r y  a g r e e m e n t  with the 
t h e o r e t i c a l  data .  They d e m o n s t r a t e  the  app l i cab i l i t y  of 
the  wedge - shaped  F a b r y - P e r o t  e ta lon to ae rodynamic  
s tudies  of l ow-dens i t y  f lows,  where  convent ional  twin-  
wave i n t e r f e r o m e t r y  methods  p rove  robe  insuf f ic ien t ly  
accura t e .  It is  obvious that  the m e a s u r e m e n t  s e n s i -  
t iv i ty  can be i n c r e a s e d  by us ing m o r e  monochromat i c  
l ight  sou rce s  (such as  gas  l a s e r s ) .  This wil l  make  i t  
pos s ib l e  to s tudy highly  r a r e f i e d  gas f lows.  
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