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An experimental  study was made of some schemes for flow around multiwedge bodies at 
supersonic flow velocities.  On the basis  of data on the distribution of the pressure ,  on visu-  
alization of the flow, and on optical measurements ,  an analysis was made of the s t ruc ture  
of the flow. Zones of breakaway of the flow were observed at the lateral  surface s of the 
lobes. In the nose part  of a multiwedge body there  is a three-dimensional  configuration of 
attached plane shock waves, going over  into a combined detached nonaxisymmetr ic  wave 
directed toward the base of the body. 

Aftex the f i r s t  ar t ic les  [1-3] with the solution of the problem of the decrease  in the res is tance  and the 
increase  in the lifting force,  there appeared a number of publications [4-17], devoted to the investigation 
of flow around three--dimensional conical and nonconical bodies with attached shock waves, developing this 
tendency.  These  investigations showed that flow around an element of a pyramidal  body with plane surfaces,  
with a special  choice of the geometry  and of the Mach number, will take place with a plane shock wave lo- 
cated at the leading edges. The possibili ty of the realization of a flow with reflected shock waves, normal  
to the faces of the pyramidal  body due to the choice of the form of the leading edge, was pointed out in [5]. 

In accordance with exact solutions obtained for  flow schemes with regular  [4] and Mach [6] interac-  
tions of the shock waves, pyramidal  bodies of s t a r - shaped  c ross  section were  constructed.  Experimental  
confirmation of the proposed interactions of the shock waves and an analysis of possible flow schemes are  
given in [11-13] for  models of the elements of a s ta r -shaped  body and of V-shaped airfoils, f rom which p y r -  
amidal bodies can be built up. 

The flow schemes considered in [1-6] were calculated for  a weak plane shock wave. The flow in a 
two-faced angle with a plane shock wave, corresponding to a strong shock wave at a wedge in a plane pe r -  
pendicular  to the leading edges, has been obtained theoret ical ly [9] and experimentally [10]. The rea l iza-  
tion of flow in an angle with four plane shock waves intersecting along a single straight  line has also been 
demonstrated;  here  shock waves reflected f rom this line in a direction perpendicular  to it correspond to 
a s t rong shock wave re f lec ted  f rom a wall. 

In [1-13] a study was made of flow around bodies of s ta r - shaped  c ross  section, having the proper ty  
of homothety. Fo r  pract ica l  use of a pyramidal  body as the nose part  of a flying apparatus, its form must  
be changed in such a way that it can be connected to a fuselage in the fo rm of a body of revolution, retaining 
the effect of the splitting of the shock wave into a sys tem of interacting shock waves. In this case, bodies 
are  obtained, the form of whose t r ansver se  c ross  sections a re  not similar ,  while the base is close to c i rcu-  
lar.  The windward surface of a multiwedge body with swept-back leading edges of the lobes X is made up 
of elements of the planes 

xxo - -  YYo-I- zzo = 0 

z0 = cos 2 , ~  t~ ~ tg  x cos (2.~-~ t) ~ .~ 2m~ n , Y0 = s m  n -- t g S t g ~  s in(2m t) - -  , z 0 = t g ~ s i n  

Here 6 is the angle formed by the line of intersection of the planes of adjacent lobes and the axis of 
the body; n is the number of lobes. The upper and lower signs in front of the t e rms  of an equation relate, 
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respectively,  to the r ight-  and left-hand surfaces  of a lobe (along 
the direction of the flow) with respect  to the plane of its sym-  
metry .  The surface  of a lobe in the length L tan 8 tan X - L  (L 
is the length of the model), in addition to the windward part, is 
formed by the la teral  wall 

 cosff=0, q- y cos (4m ::F tg 

m = 0 ,  i ,2  . . . . .  ( n - - l )  

In accordance with the construct ion of a muir[wedge body, 
its axis and the planes of the la teral  walls of the lobes are  para l -  
lel. 

To solve the problem of flow around conical nonaxisym- 
met r i c  bodies, successful  use has been made of a number of 
methods, for  example, exact solutions [3, 4], hypersonic approxi-  

mations [19], and numerica l  solutions [7]. F o r  multiwedge bodies, as a result  of the complex s t ruc ture  of 
the flow with a t ransi t ion f rom a sys tem of interacting shock waves to a single detached wave, and with the 
presence  of a breakaway zone, up to the present  time there are  no theoret ical  solutions. 

Tests  were made of models of muir[wedge bodies with the pa rame te r s  n=3,  4, 6, 8; ~( = 0, 20~ 40, 60, 
and 77~ 6=12o30 ' (20 models).  The leading edges of the lobes were  made sharp to achieve flow with an 
attached shock wave. The length of the models L= 180 m_m. Drainage openings with a diameter  of 0.7 mm 
were  ar ranged in c ross  sections perpendicular  to the axis of the multiwedge body. To moni tor  the position 
of the models with respect  to the angle of bank, severa l  symmet r i ca l  openings were  made in the sur faces  
of adjacent lobes. The experiments  were made in an aerodynamic tube at Mach numbers of 2.5, 4, 6, 
and 7.8 and Reynolds numbers  of 4 . 2 . 1 0 - C 2  �9 l0 p, respect ively  (the Re number is r e f e r r ed  to the length of the 
model). The v a l u e o f t h e p r e s s u r e  at the drainage points was recorded  with a GRM-2 instrument.  The mean-  
square  e r r o r  [n measurement  of the coefficient of the p re s su re  Cp, taking account of the inaccuracy in de- 
terminat ion of the Mach number, did not exceed 3%. 

During the course  of the experimental  investigations, the main s t r ess  was laid on study of the flow 
in the r e a r  part .  The drainage of the models in the length 0-L tan 8 tan X was more  widely spaced in view 
of the fact that the flow around the leading par t  is analogous to that around pyramidal  bodies [11-13]. The 
resul ts  of the investigations were brought down to three-dimensional  representat ions  of the distribution of 
the coefficient of the p re s su re  over the windward and lateral  surfaces  of the body. Qualitatively, the resul ts  
of tests fo r  a number of models a re  s imi lar  to the data for  a multiwedge body (Fig. 1, n= 6, ~ = 0, M=4,  
shows half of a lobe: 1 is the axis of the body; 2 is the line of intersection of the planes of the windward 
sides; 3 is the line of intersect ion of the planes of the windward and lateral  sides; 4 is the line of in te r sec-  
tion of the planes of the la teral  side; 5 is a side of the polygon at the base  of the body). In the regionbounded 
by the leading edge of a lobe, the line of intersect ion of the surfaces  of the windward sides, and Mach lines 
(dotted lines), constructed f rom the flow pa rame te r s  behind the f i r s t  and the reflected shock waves, the rep-  
resentat ion of the distribution of the coefficient of the p re s su re  consists  of two zones of constant p r e s su re s  
with a stepwise transi t ion f rom one to the other, along the wake of the ref lected shock wave (double dotted 
line). 
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Fig. 3 

The resul ts  of tests of multiwedge bodies in the length 0- 
L tan 6 tan X are  in agreement  with the data f rom investigations 
of s ta r -shaped  bodies with a bend of the lateral  surface, py ra -  
midal  bodies, and a right two-sided angle [11, 13, 16]. A flow 
scheme with regular  interaction between the waves is real ized 
in a definite range of Mach numbers.  The distribution of the 
p r e s s u r e  at the windward side of lobes depends mainly on the 
position of the sys tem of the f i rs t  intersect ing shock waves; in 
the region ahead of the shock wave falling on the face of the lobes 
there  is an increase in the pressure ,  determined by the interac-  
tion between the shock wave and the boundary layer  [10]. The 
shock wave falling on the windward side (a face of the two-sided 

Fig.  4 angle) induces ahead of itself a region of local breakaway of the 
boundary layer.  

Behind the reflected shock waves, the flow is directed paral lel  to the line of intersect ion of the wind- 
ward sides of adjacent sides. According to the representat ion of the p r e s s u r e  distribution, there is flow- 
over  f rom the windward to the la teral  side of a lobe. Here  there is breakaway of the flow with the fo rma-  
tion of pairwise cort ical  plaits, rotating in opposing directions and having a point of tangency in the plane 
of s y m m e t r y  of the lobe. The viscous interaction of the main flow preceding the sys tem of shock waves, 
with breakaway flow, promotes  an increase  in the p re s su re  near  the edge of the la teral  side of the lobe. In 
this zone, the viscous forces  are  found to be sufficient to shift the breakaway line to the lateral  surface, 
which is confirmed by the distribution of the visualizing covering on the model. 

The coefficient of the p re s su re  on the la teral  side changes f rom a positive value, determined by the 
f low-over  f rom the windward to the la tera l  side, to negative in the breakaway zone and, near  the plane of 
symmet ry  of the lobe again takes on a posit ive value (Fig. 1). The lat ter  fact is connected with the effect 
of the velocity head of the "flow, turned toward the la teral  side; here, in distinction f rom breakaway flows, 
forming with flow around an offset or  a bottom cut, in this case, the p re s su re  near  the plane of symmet ry  
of the lobe exceeds the static p r e s su re  in the oncoming flow. As a result  of the flow f rom the breakaway 
zone toward the line of separat ion of the breakaway flow, the s t r eam filaments come not f rom the boundary 
layer,  as in a two-dimensional  flow, but f rom an ideal flow having a large  stagnation p r e s s u r e  [18]; in a 
deflected vort ical  plait, the velocity r ises ,  and its component along a normal  to the lateral  side corresponds 
to M > 1. In a supersonic jet directed toward the central  part  of the la tera l  side, there is formed a shock 
wave, which can be noted on photographs of the flow. Behind the reflected shock wave, the p r e s s u r e  near  
the line of intersect ion of the windward and lateral  sides of the lobe falls monotonically downstream. 

A dec rease  in the Mach number f rom 4 to 3 leads to a qualitative change in the picture of the flow; 
the breakaway zones at the la teral  surfaces  are  propagated to the whole r e a r  part, which corresponds  to a 
negative value of Cp at both the la tera l  and windward sides. 

The p r e s s u r e  at the bottom cut remains  approximately identical, with a certain lowering for points 
at the periphery,  lying in the plane of ~ (Fig. 2, ~ = 0, n=6,  6 =12~ ',  r=rl/R: r 1 is the distance f rom the 
axis to a drainage point in the bottom c r o s s  section; R is the distance f rom the axis to the edge in this c ross  
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section; the open points r e l a t e  to the plane X, and the solid points to the plane ~; the M number s  1.5, 2, 3, 
and 4 co r respond  to cu rves  1-4). Analogous r e su l t s  we re  obtained in a l l  the models  investigated.  An in- 
c r e a s e  in the a r r o w - s h a p e d  c h a r a c t e r  of the leading edge means  a r e s t ruc tu r ing  of the mult iwedge body to 
a r egu la r  py ram i d  6=~r/2-~, fo r  which the values of the bot tom p r e s s u r e  in the planes of the angles ~ and 

coincide. 

During the exper imen t s  on the study of the s t r u c t u r e  of the flow around multiwedge bodies,  v i sua l i za -  
t ion l ines were  genera ted  at the windward and l a t e r a l  s ides of the model  and in the plane of s y m m e t r y  of a 
lobe. The identity of the flows on both sides of the plane of s y m m e t r y  of a lobe, with ze ro  angles of a t tack 
and slip, pe rmi t t ed  us ing a thin pla te  with a sha rp  leading edge, instal led pa ra l l e l  to the oncoming flow (Fig. 
3, ~= 0, n=6,  M =4). In the sect ion nea r  the leading edge of the p la te  the flow lines a r e  pa ra l l e l  s t ra ight  
l ines.  He re  there is homogeneous flow 1 with the p a r a m e t e r s  of the oncoming flow. Downs t ream f r o m  the 
wake of the re f lec ted  shock wave at the plate 2, the di rect ion of the flow lines approaches  the axis of s y m -  
m e t r y .  

Behind the l ines  of in tersec t ion  of the windward and l a t e ra l  sides,  there  is b reakaway  of the flow, p a s s -  
ing through the shock wave at tached to the leading edge, and f low-over  of the gas  into region 3; analogously, 
into region 4 there  en te r s  a flow breaking  away behind the re f lec ted  shock wave. The  flow in region 4 is 
divided into two p a r t s  by the flow line 5; in one of them the gas,  together  with the v iscous  s t ream,  is c a r -  
r i ed  downstream; in the other  par t ,  the flow is turned toward the body [16, 18]. In sec t ions  3 and 4 the re  
is f low-over  of the v isual iz ing cover ing to the l a t e r a l  s ide of the lobe. In the r e a r  par t ,  with an i nc r ea se  
in the dis tance f r o m  the su r face  of the body, there  is a d e c r e a s e  in the effect  of e ject ion of the b reakaway  
flow, and the l imit ing flow lines become less  curved.  

An optical  method was used  to study the s y s t e m  of shock waves  with flow around multiwedge bodies.  
The flow around the nose pa r t  of a mult iwedge body with a length L tan ~ tan ~( is analogous to flow around 
the e lements  of a s t a r - s h a p e d  body [13]. Chernyi  [19] demons t ra ted  the poss ibi l i ty  of achieving flows with 
at tached shock waves  along the leading edges, with an at tached shock wave at the tip of the body, detached 
f rom the leading edges, and with a shock wave detached f r o m  the tip of the body and the leading edges of 
the lobes.  The  la t te r  case  co r re sponds  to flow around a mult iwedge body with l a rge  a p e r t u r e  angles of the 
windward s ides  ~f the lobes.  The flow schemes  es tabl i shed fo r  the e lements  of s t a r - s h a p e d  bodies a r e  r e -  
a l ized a lso  for  models  with an a r r o w - s h a p e d  cha rac t e r  of the leading edges of the lobes ~ > 0, with c o r r e -  
sponding values  of the g e o m e t r i c  p a r a m e t e r s  and the Mach numbers .  F o r  example,  for  a model  with n= 6 
and an a r r o w - s h a p e d  c h a r a c t e r  ~ = 60 ~ with M= 2, the r e su l t s  obtained conf i rm the poss ib i l i ty  of a s cheme  
with a conical shock wave, at tached to the tip of the body. A shock wave detached in the vicini ty  of the t ip 
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of a multiwedge body, and attached along some length of the leading edges of the lobes, is obtained with ~= 
0, M= 1.5. 

A flow with a near ly  plane shock wave, lying at the leading edges of the lobes is achieved with X=40, 
M = 2, and ~=60 ~ M= 3. The intersection in space of two shock waves, attached to the leading edges of the 
lobes, is achieved, for  example, for  models  with X= 0, 40 ~ n=6,  M= 3 and )~= 0, n =3, 4, 8, M =4 (Fig.4,  X -0 ,  
n=3,  M=4).  In a length approximately equal to 0-L tan 5 tan X, the lines d the shock waves are  straight 
lines, which bears  witness to the conical charac te r  of the flow between the lobes. The same result  was ob- 
tained also in investigations made on drained models.  In c ross  sections located in the r e a r p a r t  of the model, 
there  is a gradual  res t ruc tur ing  of the intersecting shock waves, and their  degeneration in a t r ansverse  
c ross  section into a detached shock wave. In the plane of the base of a multiwedge body, the fo rm of the 
shock wave is obtained with rotation of the model around its longitudinal axis, and recording of the shock 
waves in each fixed case.  

Schemes of the flow around a multiwedge body with a shock wave attached to the tip of the body and 
along the leading edges of the lobes are  shown on Fig.  5 (1 and 2, respectively).  The f igure gives also t r ans -  
ve r se  c ross  sections of multiwedge bodies in a range of lengths 0-L tan 5 tan ~( with the configuration of 
the shock wave shown by the double line. The lines with ar rows indicate the direct ion of the t ra jec tor ies  of 
par t ic les  in project ion on the plane of the t r ansve r se  c ross  section. The four following c ross  sections (3-6) 
i l lustrate the res t ruc tur ing  of a flow with a Mach intersection of the shock waves and the format ion of a de- 
tached shock wave in the r e a r  par t  of the body. In one of the c ross  sections, a sys tem of shock waves 7 is 
realized, analogous to flow around a two-s ided angle [14-16]. In addition to the configurations of the shock 
waves, the f igure  also shows the three-dimensional  scheme of the flow around a multiwedge body (n = 3) with 
interacting shock waves 8. 

Under the conditions of supersonic  flow with a shock wave attached to the tip of a multiwedge body 1, 
the flow has the proper ty  of conical flows in the length 0-L tan 5 tan X. Fu r the r  downstream there is flow- 
over of the flow lines f rom the windward side to the la tera l  side, and the establishment of a vor t ica l  char -  
ac te r  of the flow, identical to 3 and 4. With a definite geomet ry  of the nose par t  of a multiwedge body 2, 
the value of the deviation of the flow lines in a plane shock wave is descr ibed by the two-dimensional theory 
of an oblique shock wave. In this case, the flow also has the proper ty  of conical flows, and the project ions 
of the flow lines in a t r ansve r se  c ross  section are  parallel .  In the r e a r  part  of the body, at a distance f rom 
the tip g rea te r  than L tan 6 tan )~, there is breakaway flow at the la te ra l  side. 

The representat ion of flow aroundmult iwedge bodies, taking account of the scheme of the interaction 
of the shock waves a and d (8) along the line c, with the Mach configuration b, can be supplemented by a con- 
s iderat ion of the motion of an e lementary volume of the gas throughthe above-mentionedsect ions.  The f i r s t  
rotat ion of the flow takes place at the shock wave a, attached to the leading edge of a lobe. Ina reg ionbounded  
by the plane of the lobe and by the attached, a,  and reflected, d, shock waves, the flow deviates by an angle 
determined by the value of the velocity ahead of the shock wave a, and by its position. Under these c i r cum-  
stances, the angle of deviation of the flow lines is reckoned in a plane perpendicular  to the shock wave, a,  
and drawn through the direct ion of the velocity of the unperturbed flow. Behind an attached shock wave, the 
flow line is deflected toward the line of intersect ion of the windward and lateral  sides of the lobe. Fur ther ,  
beyond this line there  is breakaway of the flow. The remaining flow, passing through the surface  of the r e -  
flected shock wave, has a new direction, which is determined analogously to the preceding, but f rom the posi-  
tion of the ref lected wave and the vec tor  of the velocity behind the attached shock wave. In the bottom region 
of a multiwedge body, there  is a flow consist ing of pairs  of vort ices,  whose number is equal to the number 
of lobes. 
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