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A general ized dependence of the dimensionless position of the central  shock on the dimension- 
less  position of an obstacle relat ive to the nozzle exit is obtained. The dependence is ob- 
tained for M a = 1.0-2.0 and uncalculability n = 2.2-6.7 of the jet. 

On the basis  of experimental  data (Toepler photographs of a jet with an obstacle) resul ts  of an 
analysis  of the influence of an obstacle placed at the beginning of the so-cal led second, or within the l imits 
of the f i r s t  "bar re l"  [1], on the wave configuration of the f i r s t  ba r re l  of an undersaturated supersonic jet 
a re  examined. As is known, the wave configuration of the f i r s t  ba r re l  of an undersaturated supers'onic 
jet a re  examined. As is known, the wave configuration of the f i r s t  "barre l"  of a f ree  undersaturated jet with 
nonregular  ref lect ion consists  of suspended 1, centra l  (Mach disk) 2, and reflected 3 shocks (Fig. 1). The 
reflected and central  shocks a re  a resul t  of disintegrat ion of the hanging shock at a cer ta in  point. For  a 
sufficiently remote  location of the obstacle in the jet it exerts  no influence on the wave s t ruc ture  of the f i r s t  
barre l .  If the obstacle approaches  the nozzle, then star t ing with a cer tain location x .  it s ta r t s  to influence 
the wave configuration. This influence is expressed as a displacement of the point of disintegration along 
the hanging shock. 

If xt denotes the running position of the central  shock relat ive to the nozzle, then a definite de- 
pendence x 1 = f(x2) evidently exists for  each unrated jet and given obstacle, where x 2 is the spacing be-  
tween the obstacle and the jet x 2 < x,.  It should be noted that there  is a zone of instability in the wave 
s t ruc ture  of the f i r s t  ba r re l  in a definite part  of the range of variat ion of x 2 for  eachuncalculabili ty.  But 
this zone does not include the whole range x 2 < x. .  

P rocess ing  the data of a large  number of in- 
stantaneous Toepler photographs of a jet with an 
immersed  obstacle indicated the existence of a sel f -  
s imi la r  dependence in the zone of central  shock dis-  
placement under the effect of the perturbing obstacle. 
It turns out that a single dependence on the dimen- 
sionless distance of the obstacle X 2 = x2/x , exists 
for the dimensionless distance of the shock X 1 = x 1 
/x0, where x 0 is the distance between the central  shock 
and the nozzle in the unperturbed jet. Some ex- 
perimental  points a re  presented in Fig. 2. It should 
be mentioned that all the above is valid for Mach 
numbers  on the nozzle exit in the r ange  M a = 1.0-2.0. 
The range of uncalculabilit ies investigated is 2.2 < n 
< 6.7. 

The dependence X 1 = f(X2) was approximated by 
the quadrat ic  parabola 

Fig. 1. Shock wave s t ruc ture  in a supersonic  
jet flowing around an obstacle: 1) hanging 
shock; 2) central  shock; 3) reflected shock; 4) 
obstacle. Xi = ao + a!X~ § a~X~ (1) 
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Fig. 2. Single generalized dependence of the dimen- 
sionless p o s i t i o n  of  the  c e n t r a l  shock  on the  d i m e n -  
s i o n l e s s  p o s i t i o n  of t he  o b s t a c l e :  
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a n d  the  fo l lowing  v a l u e s  fo r  the  c o e f f i c i e n t s  of the  a p p r o x i m a t i n g  p o l y n o m i a l  w e r e  ob ta ined :  

a 0 = - -  0,057; a 1 = 2.13; az = - -  1.082 

a s  a r e s u l t  of p r o c e s s i n g  250 e x p e r i m e n t a l  Poin ts  by  l e a s t  s q u a r e s  on an  e l e c t r o n i c  d i g i t a l  c o m p u t e r .  

The  runn ing  c o o r d i n a t e s  of the  m u t u a l  l o c a t i o n  of  t he  c e n t r a l  shock  and the o b s t a c l e  w e r e  found in  d i -  
m e n s i o n a l  uni t s  by  u s i n g  the  s i n g l e  d e p e n d e n c e  found: 

x 1 ~ X l x o ;  x~ ~ X 2 x , .  

The p o s i t i o n  of  the  c e n t r a l  s h o c k  in  a f r e e  j e t  x 0 i s  d e t e r m i n e d  f r o m  any  of t he  known a p p r o x i m a t i n g  d e -  
p e n d e n c e s ,  by  the  e m p i r i c a l  f o r m u l a  of A d a m s o n  and N i c h o l l s  [2], say:  

x 0 = 0.O9MaV-~,, 

w h e r e  k = C p / c  V. 

To d e t e r m i n e  the  c r i t i c a l  p o s i t i o n  of the  o b s t a c l e  x , ,  i t  i s  su f f i c i en t  to  have  jus t  one conf iden t  t e s t  
p o s i t i o n  of the  c e n t r a l  shock  x~ f o r  a known p o s i t i o n  of the  o b s t a c l e  x 2 b e c a u s e  of the  l a c k  of a g e n e r a l i z e d  
d e p e n d e n c e  of  x .  on the  g o v e r n i n g  p a r a m e t e r s  of  the  je t .  Th i s  p e r m i t s  e n t r a n c e  into  the  u n i v e r s a l  d e -  
pendence  (1) for  the  v a l u e  found fo r  the  d i m e n s i o n l e s s  p o s i t i o n  of the  c e n t r a l  shock  X 1 = x l / x o ,  and f ind ing  
the  d i m e n s i o n l e s s  p o s i t i o n  of the  o b s t a c l e  X 2 fo r  the  found X 1, and the  c r i t i c a l  p o s i t i o n  of the  o b s t a c l e  x ,  
= x 2 / X  2 t h e r e b y ,  fo r  a g iven  d e g r e e  of u n c a l c u l a b i l i t y  of the  e s c a p e .  

N O T A T I O N  

M a i s  the  Mach  n u m b e r  a t  the  n o z z l e  ex i t ;  
n i s  t h e u n c a l c u l a b i l i t y  of the  je t ;  
x 0 i s  the  p o s i t i o n  of the  c e n t r a l  s h o c k  in  a f r e e  s u p e r s o n i c  je t  r e l a t i v e  to  the  n o z z l e  ex i t ;  
x 1 i s  the  p o s i t i o n  of the  c e n t r a l  s h o c k  r e l a t i v e  to  the  n o z z l e  ex i t ;  
x 2 i s  the  p o s i t i o n  of the  o b s t a c l e  r e l a t i v e  to  t he  nozz l e  ex i t ;  
x .  i s  the  c r i t i c a l  p o s i t i o n  of the  o b s t a c l e  r e l a t i v e  t o  t he  n o z z l e  ex i t ;  
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X I is the dimensionless position of the central shock; 
X 2 is the dimensionless position of the obstacle. 
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