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We p r e s e n t  exper imenta l  resu l t s  re la t ing  to the in teract ion of a p lanar  shock wave with a blunt 
body placed in a supersonic  flow. We study the motion of the shock wave re f lec ted  f rom the 
su r face  of the body. We also a s c e r t a i n  the motion of the contact  su r faces  and the r a re fac t ion  
wave a f t e r  the in teract ion.  

We cons ider  the incidence of a p lanar  shock wave on a blunt body i m m e r s e d  in a supersonic  flow. A 
theore t ica l  ana lys i s  of  this p rob lem involves g rea t  ma themat ica l  difficult ies owing to the nonlinear na ture  
of the phenomena.  A calcula t ion of the in teract ion of the incident shock wave with the head of the wave in 
front  of a sphe re  in the vicini ty  of the axis  of s y m m e t r y  (one-dimensional  approximation)  was given in [1] 
In [2] this p rob lem is t r ea t ed  by a numer ica l  method in which values of the p r e s s u r e  a t  the c r i t i ca l  point of 
the sphere  a r e  given a f t e r  incidence with the shock wave. 

We invest igated the mot ion of the shock waves  and the contact  su r face  which a r i s e s  subsequent  to in-  
t e rac t ion  of the waves .  The exper iments  were  c a r r i e d  out in a two-diaphragm shock tube of rec tangula r  
c r o s s  sec t ion  m e a s u r i n g  40 • 61 m m  2. A model consis t ing of a blunt body of given shape was p laced in the 
working sec t ion  of the tube. The exper imenta l  a r r a n g e m e n t  and the pr inc ip les  involved in its opera t ion  
were  desc r ibed  e a r l i e r  in [3]. The gas flows behind the f i r s t  and second incident shock waves  can,  for  all  
p rac t i ca l  p u r p o s e s ,  be  r ega rded  as  homogeneous .  The Mach number  of the flow pass ing  the model ,  n a m e -  
ly,  M1, was in the range  1.25-1.60. The Maeh numbers  of the wave incident on the body, M 2 , we re  in the 
range  1.10-1.70. We used ni t rogen as  the working gas and hydrogen and hel ium as  the propel l ing gas.  To 
r e c o r d  the p r o c e s s  we used  a ZhFR pho to recorde r  and shadowgraph ins t rumentat ion.  

In Fig. 1 we p r e s e n t  the t i m e - d i s t a n c e  d i ag ram for  wave interact ions  following the incidence of a 
shock wave on a cyl inder  with a flat  nose  i m m e r s e d  in a supersonic  flow. 

Fig. 1. T i m e - d i s t a n c e  d iag ram of wave 
in terac t ions  on the axis  of s y m m e t r y :  1) 
init ially r e f r a c t e d  shock wave ahead of the 
body; 2) incident wave;  3) hea t  wave a f t e r  
in teract ion;  4) impinging shock wave outside 
the l ayer  of c o m p r e s s e d  gas in front  of the 
body; 5) t r ans ien t  wave;  6) re f lec ted  wave 
f rom the body su r face ;  7) r a r e f ac t ion  wave;  
8) contact  su r face .  

T r a n s l a t e d  f rom Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol. 211 No. 3, pp. 419-422, September ,  1971. 
Original  a r t i c l e  submit ted  Apr i l  28, 1971. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

1102 



I o - b  
~:~ ,,, 

o,5 

o 

f 

o,2s o,~ o,~ x/A 

Fig. 2. Motion of transient wave (see Fig. i, 

curve 5) in relation to motion of incident wave 

(2) at the axis of symmetry: M i = 1.50; M 2 = 1.70; 

a) cylinder with fiat nose; b) cylinder with spher- 

ical nose. 

The motion of the transient wave is shown in Fig. 2. The plotted points refer to experimental data, 

Curve 1 corresponds to a wave of infinitely small amplitude. Its motion was determined numerically from 

the known flow velocity distribution and the velocity of sound at the axis of symmetry. Corresponding values 

were taken from the tables in [4]. In addition, calculations were carried out on the assumption that the 

Mach number of the transient wave stays constant after interacting with the head of the shock wave in front 

of the body. The calculated results agree well with the exp_ erimental results (see curve 2 in Fig. 2). 

In Fig. 3a we present the position and velocity of the shock wave reflected from the body on the axis 

of symmetry for a cylinder with a flat nose, and in Fig. 3b the same for a cylinder with a spherical nose. 

In Fig. 4 we have plotted the speed of the contact surface formed from the interaction of the shock 

wave reflected from the surface of the body with the shock wave in front of the body. As is evident from 

Fig. 4, in the case of the flat-nosed cylinder the velocity of the contact surface near the body changes al- 

most linearly with change in distance from the body. Up to the point of interaction with the rarefaction 

wave the velocity of the contact surface depends weakly on the distance from the body. 

From Fig. 3 we can determine the interval of time subsequent to which the reflected shock wave be- 

comes motionless with respect to the body. The magnitude of this interval characterizes the transition to 

stationary flow. The contact surface (see Fig. i, curve 8) reaches the critical point of the body after a 
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Fig. 3. Posi t ion (1-5) and velocity ( i ' - 5 ' )  of the shock 
wave ref lected from the body versus  the time. M 2 
= 1.40; a) cyl inder  with flat nose: 1, 1') M I = 1.25; 2, 2') 

M I = 1.30; 3, 3') M I = 1.40; 4, 4') M I = 1.45; 5, 5') M i 
= 1.50; b) cylinder with spher ical  nose; 1, 1') M i = 1.50; 

2,2') M I= 1.55. 
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Fig. 4. Velocity of contact surface (see curve 

8 in Fig. i) at the axis of symmetry in relation 

to the velocity of the gas directly behind the wave 

(curve 6 in Fig. 1) for a stationary flow: a) cylin- 

der with flat nose; i) M I = 1.45; M 2 = i.i0; 2) M I 

= 1.25; M 2 = 1.40; 3) M i = 1.40; M 2 = 1.40; 4) M i 

= 1.50; M 2 = 1.40; 5) M i = 1.45; M 2 = 1.50; 6) M i 
= 1.45; M 2 = 1.60); b) cylinder with spherical nose; 

1) M 1 = 1 . 6 0 ;  M 2 = 1 . 2 0 ;  2)  M i = 1 . 5 0 ;  M 2 = 1 . 4 0 ;  

3)  M i = 1 . 5 5 ;  M 2 = 1 . 5 0 .  
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much longer  t ime  in terva l .  At the contact  su r face  the densi ty  undergoes  a discontinuity.  T h e r e f o r e  the 
densi ty  in the flow c lose  to the body mus t  a s s u m e  values cor responding  to the s ta t ionary  flow subsequent  to 
the ins tant  that the re f l ec ted  wave becomes  mot ion less  re la t ive  to the body. 

NOTATION 

M 1 is  the Mach num ber  of a flow around body before  second shock wave;  
M 2 is the Mach number  of a shock wave fall ing onto a body; 
x is the d is tance  f r o m  body su r face ;  
d is the d i a m e t e r  of body; 
A is the d is tance  between head wave and su r face  of body; 
t is the t ime ;  
a 0 is the initial  sound ve loc i ty  in working gas;  
vl is  the veloci ty  of incident  shock wave;  
v 2 is the veloci ty  of r e f l ec ted  shock wave;  
v02 is  the value of v 2 a t  initial  moment ;  
v S is the veloci ty  of contact  su r face ;  
u is the p red ic ted  flow veloci ty  d i rec t ly  behind the wave in s t eady- s t a t e  flow. 

respond  to the l a b o r a t o r y  coordinate  sys t em.  
The veloci ty  values c o r -  
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