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The densi ty  f ield is d e t e r m i n e d  expe r imen ta l ly  for  plane shock incidence on blunt bodie~ 
s t r e a m l i n e d  by a superson ic  gas  s t r e a m .  

P lane  shock incidence on blunt bodies  (cyl inders  with a f lat  o r  spher i ca l  nose) a round which a s teady 
superson ic  gas s t r e a m  flows is e x a m i n e d . .  Such a p rob l em a r i s e s  in studying the e f fec t  of  an explosion 
wave on a body flying a t  supersonic  ve loc i ty  in the a t m o s p h e r e .  The re  a r e  computa t ions  of  such an i n t e r -  
ac t ion  in [1-3]. However ,  the a c c u r a c y  of the numer i ca l  s c h e m e s  used  is  not adequate to obtain i n f o r m a -  
t ion about the mot ion of the t r ans i en t  wave and the change in the gas p a r a m e t e r s  in the shock l aye r .  E x -  
p e r i m e n t a l  data on the mot ion  of the t r ans i en t  wave ,  the contact  su r f ace ,  and the p r e s s u r e  change at  the 
body s tagnat ion point a r e  given in [4-6]. 

We inves t iga ted  the gas dens i ty  d is t r ibu t ion  n e a r  the body at  va r ious  t imes .  The e x p e r i m e n t s  w e r e  
p e r f o r m e d  in a two-d iaphragm shock tube of 40 x 61 m m  sect ion .  The model  was  p laced  in the working 
sec t ion .  Two shocks w e r e  obtained in the t e s t s ,  where  the s t r e a m  behind the f i r s t  p roduced  s teady flow 
around  the model ,  a f t e r  which a second shock was  incident on the model .  The t ime  between the a r r i v a l  of 
the shocks  in the work ing  sec t ion  was  100 #sec .  The s t r e a m  Mach number  behind the f i r s t  shock was M 1 
= 1.44-1.50,  and of the second shock was  M 2 = 1.4-1.5.  The densi ty  was  m e a s u r e d  by using a M a c h - Z e n d e r  
i n t e r f e r o m e t e r  whose l ight source  was  a Q-modula ted  ruby l a s e r .  The Q-modula t ion  was  accompl i shed  by 
an e lec t roop t i ca l  shut te r  on the bas i s  of a KDP c ry s t a l .  A typical  i n t e r f e r o g r a m  is p r e s e n t e d  in Fig. 1. 
The  bow wave (1), the incident wave (2), and the wave re f l ec ted  f rom the body su r face  (3) a r e  seen.  The 
body d i a m e t e r  d is 10 m m .  

As is known, the change in densi ty  in an a x i s y m m e t r i c  flow can be found f r o m  the inver ted  Abel equa -  
t ion [7]: 
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Fig .  1. Typ ica l  i n t e r f e r o g r a m ,  t = 3.4 
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Here  Ap(r,  z) is the change in densi ty ,  ~ is the l a s e r  r a d i a -  
t ion wavelength,  and 6 (r ,  z) is the shif t  in the i n t e r f e r ence  
f r inges .  

Expe r imen ta l  va lues  of the quantity 6 (r,  z) we re  ap -  
p rox ima ted  by even power  Chebyshev po lynomia l s  to d e t e r -  
mine  Ap(r,  z). 

Densi ty  f ie lds  nea r  a spher i ca l  nose a t  d i f ferent  t imes  
a r e  plot ted in Fig. 2. P r e s e n t e d  in Fig.  2a and b a r e  the 
r e s u l t s  for  two s t ages  of uns teady flow. The t ime  is  m e a -  
su r ed  f rom the t ime  the incident and bow waves  mee t .  He re  
I is the bow wave ,  II  is the r e f l ec ted  shock,  and IH is the 
contact  su r face  which o r ig ina tes  when the r e f l ec t ed  and bow 
shocks  m e r g e .  Shown in Fig.  2c is the densi ty  d is t r ibut ion  
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Fig.  2. Densi ty  f ie lds  n e a r  a spher i ca l  nose:  a) t = 4.5 #sec ;  
b) t = 10 ~sec.  

for  s teady flow around the body  by the s t r e a m  behind the second wave.  The densi ty in the shock l aye r  is  
r e f e r r e d  to the densi ty  ahead of  the bow wave.  These  data show that  the d is t r ibut ion of the re la t ive  den-  
s i ty  in the gas  l a y e r  between the bow and re f l ec ted  waves  is c lose  to the init ial  value.  

P r e s e n t e d  in Fig. 3 is the t ime  change in the re la t ive  densi ty  for  th ree  points on the axis  of s y m m e t r y  
a f t e r  incidence of the second shock on a cyl inder  with a spher ica l  (a) and flat  (b) nose:  d i rec t ly  behind the 
bow wave (1), u p s t r e a m  on the contact  su r face  (2), and a t  the stagzmtion point (3). The t ime  t 1 c o r r e s p o n d s  
to col l i s ion of the t r ans i en t  wave with the body nose;  t 2 c o r r e s p o n d s  to the m e r g i n g  of the r e f l ec t ed  and bow 
waves  ahead of the body,  and t 3 co r r e sponds  to the t ime  when the r e f l ec t ed  shock becomes  fixed re la t ive  
to the body. An exper imen ta l  ana lys i s  of  the data avai lab le  in [4-6] as  well  as  the computa t ions  [1] show 
that  the p r e s s u r e  a t  the s tagnat ion point ,  the bow wave veloci ty ,  and the gas ve loc i ty  on the axis  of s y m -  
m e t r y  r e a c h  the i r  s t e ady - s t a t e  va lues  a f t e r  the a r r i v a l  of the r a r e f a c t i o n  wave being fo rmed  dur ing m e r g e r  
of the bow and re f l ec ted  waves .  The subsequent  wave in terac t ions  a r e  not shown in the f igures  and the i r  
influence on the ment ioned p a r a m e t e r s  is not essen t ia l .  

The densi ty  at  a given point of the pe r tu rbed  domain  can take on the s teady value only a f t e r  the gas  
pa r t i c l e s  pas s ing  through the bow wave which is fixed re la t ive  to the body have a r r i v e d  at  this  point.  The 
t ime  in terva l  t 4 between the beginning of wave in te rac t ion  and the t ime  when the contact  su r face  r e a c h e s  
the body can be taken as  the c h a r a c t e r i s t i c  densi ty  bui ld-up t ime .  In  our  case  t 4 = 18 ~sec  ( spher ica l  nose) ,  
t 4 = 34 / l sec  (flat nose)  and cons iderab ly  exceeds  the t ime  in te rva l  be tween the beginning of wave i n t e r a c -  
t ion and the t ime  when the r a r e f a c t i o n  wave r e a c h e s  the bow wave.  

In the t e s t s  conducted t~ was 11 and 16 ~sec for  the spher ica l  and flat  nose ,  r e spec t i ve ly .  The d i -  
minut ion in the densi ty  a t  the s tagnat ion point  is  seen  c l ea r ly  in Fig.  3, which even continues for  t > t~, 
as  is a lso  i ts  wea ke r  change d i rec t ly  behind the bow shock.  The m a x i m u m  value of the densi ty  a t  the 
s tagnat ion point  exceeds  i ts  s t a t ionary  value 1 .4-fold  ( spher ica l  nose) and 1 .7-fold  (flat nose) .  

NOTATION 
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a r e  the cy l indr ica l  coord ina tes ;  
is  the shock rad ius ;  
is the s t r e a m  Mach number  behind the f i r s t  shock f ront ;  
is  the Mach number  of the wave incident on the body; 
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T i m e  change in the r e l a t ive  densi ty;  t in #see .  
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p is the gas dens i ty ;  
Ap is the densi ty  i nc remen t ;  
Pl is  the gas dens i ty  in the s t r e a m  behind the shock impinging on the body; 
5 is the shift  of  the i n t e r f e r ence  f r inges ;  

is the wavelength of light; 
k is  the G l a d s t o n e - D a l e y  constant ;  
t l is  the t ime  in te rva l  between the beginning of wave in te rac t ion  and the col l i s ion of the t r ans ien t  wave 

a t  the body s tagnat ion point;  

t2 

t 3 
t4 

i i  
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7. 

is  the t ime  in te rva l  be tween the beginning of wave in te rac t ion  and the t ime  of r e f l ec ted  wave m e r g e r  
with the bow shock;  
is the t ime  in te rva l  a f t e r  which the r e f l ec t ed  shock becomes  fixed re la t ive  to the body; 
is the t ime  in te rva l  between the beginning of wave in te rac t ion  and the t ime  when the contac t  su r face  
r e a c h e s  the body nose;  
is the body d i a m e t e r  (d = 10 m m ) .  
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