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The resul ts  are  presented of a calculation, by the method of charac te r i s t i c s ,  of the flow of a 
supersonic  overexpanded jet around a cone. The resul ts  of the calculations are compared 
with the experimental ly measured  values of the p r e s s u r e  on the cone. 

In some engineering applications, it is of pract ica l  interest  to establish the flow field formed during 
flow of an overexpanded ax isymmetr ic  supersonic jet around a cone. A special feature of the case consid-  
ered below is that the flow, as it spreads  ac ross  the cone, is diverted to a direct ion perpendicular  to the 
axis of s y m m e t r y  of the incident jet.  The semiangle of the cone was selected so that the shock wave in front 
of it was of the attached type. 

The equations of the charac te r i s t i cs  of an ideal adiabatic gas writ ten in E l e r s - C h u s h k i n  var iables  
were  used for  calculating the flow [1]. 

During flow of an overexpanded jet around a cone, an attached shock wave KB (Fig. 1) fo rms  in front 
of it and interacts  with the shock wave of the free jet RB, forming a configuration of four shock waves (point 
B in Fig. 1). One of them is ref lected f rom the surface of the cone and interacts with shock wave BD. An 
increase  of p r e s s u r e  occurs  at point C where the shock wave is ref lected f rom the cone. This is s e e n c l e a r -  
ly on the graphs of the p r e s s u r e  distribution over the cone (Fig. 2). The flow behind point A, where the 
boundary of the free let changes the inclination to the axis of s y m m e t r y  as a resul t  of interaction with the 
shock wave, represen ts  an annular supersonic jet which propagates  along the generatr ix  of the cone. As 
in the case of an overexpanded ax isymmetr ic  jet, the boundary of the annular jet has a ba r r e l - shaped  s t ruc -  
ture,  which leads to the occur rence  of a suspended shock wave. This shock can be reflected f rom the s u r -  
face of the cone regular ly  or i r regula r ly .  A subsonic flow forms  behind the i r regula r ly  ref lected shock. 

The flow was calculated continuously f rom the nozzle exit to that section in the flow passing around 
the cone where it becomes subsonic.  It was assumed that a conical flow was rea l ized near  the cone, after  
the calculation of which we constructed the charac te r i s t i cs  of the f i rs t  family,  the pa r ame te r s  of which 
served as the initial pa r ame te r s  in calculating fur ther  flow. To calculate the pa r ame te r s  on the shockwaves  
and their interaction,  the relat ions on the charac te r i s t i c s  were supplemented by equations establishing the 
re la t ion between the p a r a m e t e r s  in front of, and behind, the shock wave located in a nonuniform flow was 
determined according to a scheme which is presented in detail in [2]. The conical flow was calculated ac -  
cording to the relat ions presented  in [1]. 

The flow in the neighborhood of the break of the boundary of the jet by the shock wave AD was ca l -  
culated as a l>randt l -Meyer  flow. In par t icu lar ,  we determined the inclination of the boundary of the an- 
nular jet to the axis of the nozzle,  the Mach number,  and the p r e s s u r e  on it, which are  constant for the case 
of discharge into the s tat ionary medium being considered here .  The pa rame te r s  of the flow between the 
genera t r ix  of the cone and the boundary of the annular jet were determined by the usual f ini te-difference 
p rocedure .  During the calculation we determined the magnitude of the static p r e s su re  behind the hanging 
shock wave. If the curve of this p r e s s u r e  had a minimum, it was assumed that the hanging shock wave is 
ref lected f rom the surface  of the cone i r regula r ly  and the triple point on the hanging shock is located at the 
point of minimum p r e s s u r e .  

Mechanical Institute, Leningrad.  Transla ted f rom Inzhenerno-Fizicheski i  Zhurnal, Vol. 19, No.2, pp. 
269-271, August, 1970. Original ar t ic le  submitted June 26, 1969. 

�9 197g Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for an), purpose whatsoever without 
permission of the publisher. A copy o[ this article is available [rom the publisher for $15.00. 

983 



ra 

~a 

~t 

3,O 

v/ro 

Fig.  1. 
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Geomet ry  of the flow 
and l ines of constant  Maeh 
numbers  during flow of an 
overexpanded je t  around a 
cone (Ma = 2.7, k = 1.405; a 
= 7~ n = 0.7). 
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F ig .2 .  P r e s s u r e  dis tr ibut ion over  the 
gene ra t r ix  of the cone (calculation and 
exper iment  for  Ma = 2.7; k = 1.405): 1) 
n = 1.0; s / r  a = 1.0; 2) r e spec t ive ly ,  1.0 
and 3.4; 3) 0.7 and 1.0. 

This  assumpt ion  was used  in [3] when calculat ing a x i s y m m e t r i c  
je ts  and its accu racy  with r e spec t  to exper imenta l  r e su l t s  can be con-  
s ide red  sa t i s f ac to ry .  

The f o r m  of the shock wave between the t r iple  configurat ion and 
gene ra t r ix  of the cone is de te rmined  af ter  assuming  that the inclination 
of the shock with r e spec t  to the sense  of the veloci ty  vec tor  in front  of 
it is 90 ~ . The flow in the subsonic region behind this shock was con-  
s idered  fu r the r  to be one-d imens ional ,  and the posi t ion of the slip line 
leaving the t r iple  point was de te rmined  on the bas i s  of the condition of 
equali ty of the stat ic  p r e s s u r e  on it f r o m  the supersonic  and subsonic 
pa r t  of the flow. 

We will dwell on some resu l t s  of the calculat ions.  F igure  1 shows the geome t ry  of the flow being 
fo rmed  for  one of the calculated va r i an t s .  The l ines of constant Mach numbers  a r e  also shown there .  We 
mus t  note f i r s t  of all  that in all  calculated va r i an t s  only one ~barre l  n fo rmed  within which the flow is s u p e r -  
sonic.  Behind it the flow is subsonic,  its thickness being much less  than the radius  of the nozzle exit .  In 
addition, as a consequence of dis tor t ion of the gene ra t r ix  of the cone near  the point of ref lec t ion  of the hang-  
ing shock there  is a region in which the Mach number ,  and so,  the p r e s s u r e  a re  constant .  

F igure  2 p r e sen t s  the calculated graphs  of the dis tr ibut ion of s tat ic  p r e s s u r e  on the gene ra t r ix  of the 
cone on which a re  PlOtted the points obtained exper imenta l ly ,  As we see ,  thei r  ag reemen t  is s a t i s f ac to ry .  

Ma is the 
P0 is the 
P is the 
oz is the 
n = P a / P  e is the 
P a  is the 
Pe is the 
k is the 
s is the 
l is the 
r a is the 

NOTATION 

Maeh number  at nozzle exit; 
s tagnat ion p r e s s u r e  at nozzle exit; 
p r e s s u r e  on cone; 
semiangle  of nozzle; 
overexpans ion  of d ischarge;  
p r e s s u r e  at nozzle exit; 
p r e s s u r e  in ambient  medium; 
adiabatic exponent; 
dis tance f r o m  nozzle exit to ve r t ex  of cone; 
dis tance reckoned f r o m  the ve r t ex  of the cone along its genera t r ix ;  
radius  of nozzle exit .  
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