
est ing that  both the computat ional  method of " c o a r s e  pa r t i c l e s"  and the approximate  CCW theory,  which is 
somewhat  fo rma l ly  used  in this p rob lem,  a re  handled mainly  with functions to descr ibe  shock in teract ion with 
a pe rmeab le  obstacle  in a homogeneous approximat ion .  
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R E G I M E S  A N D  P R O P E R T I E S  O F  T H R E E - D I M E N S I O N A L  S E P A R A T I O N  

F L O W S  I N I T I A T E D  B Y  S K E W E D  C O M P R E S S I O N  S H O C K S  

A.  A .  z h e l t o v o d o v  UDC 532.526.5 

The study of s ingular i t ies  in the th ree -d imens iona l  in te rac t ion  between an oblique compres s ion  shock and 
the boundary l aye r  on a plane su r face  no rm a l  to the plane of the shock and para l le l  to the f r e e - s t r e a m  veIoci ty  
vec to r  is quite impor tan t  to the  comprehens ion  of r egu la r i t i e s  in the originat ion and development  of t h r e e -  
dimensional  separa t ion  f lows.  

Sufficiently extensive informat ion about the different  p r o p e r t i e s  of the f lows under considerat ion is con-  
ta ined in publ ished pape r s .  Thus an analys is  is made in [1] of known data on the th ree -d imens iona l  interact ion 
between an oblique shock  and l a m i n a r  and turbulent  boundary l a y e r s .  The r e su l t s  in this paper ,  toge ther  with 
[2], y ie ld  a r ep resen ta t ion  of the flow s t r u c t u r e  at dif ferent  s tages  of the in teract ion,  f rom the s t a r t  of s e p -  
a ra t ion  into r e tu rn  flow. Cor re la t ion  re la t ionships  a re  obtained to de te rmine  conditions for  the originat ion of 
the sepa ra t ion  flow [3] and the fo rmat ion  of secondary  separa t ion  [4], as  well as for  the computation of the 
cha r ac t e r i s t i c  p r e s s u r e s  and heat  f luxes in the sepa ra t ion  zones [5]. Measu remen t s  of the f ields of different  
p a r a m e t e r s  are  p e r f o r m e d  in the in teract ion domain [6]. 

Sys temat ic  invest igat ions of the dynamics  of separa t ion  flow development  and its s t ruc tu re  [7, 8] should 
espec ia l ly  be noted, which radica l ly  extend exis t ing rep resen ta t ions  of its p r o p e r t i e s  and refine the phenom-  
enological  s c h e m e s  p roposed  e a r l i e r ,  rFne poss ib i l i ty  and development  of a secondary  separa t ion  zone of 
bounded extent is detected in the las t  two p a p e r s .  It is shown that there  is no secondary  separa t ion  under  these 
conditions in the r e tu rn  s t r e a m  in the turbulent  boundary l aye r  domain, and the inc reae  in its extent in the 
l a m i n a r  flow domain as the shock  intensi ty grows is r e la ted  to fastening the t rans i t ion  because  of the in tensi fy-  
ing s p r e a d  of the flow, which contr ibutes  to diminution of the re tu rn  flow s t r eaml ine  extent .  The analysis  p e r -  
f o rmed  in these  pape r s  also pe rmi t t ed  showing that  the d i sappearance  detected in [9] and the repea ted  o r ig ina -  
t ion of the secondary  separa t ion  fo r  sufficiently high shock intensi t ies  is a s soc ia ted  with the t r an s fo rma t io n  
of conical ly subsonic  into supersonic  flow in the sepa ra t ion  zone. An impor tan t  deduction is  made  he re  that 
the duplicate or iginat ion of secondary  flow should be de te rmined  by the s tate  of the boundary l aye r  in the r e -  
turn  flow and by the intensi ty of the in ternal  c o m p r e s s i o n  shock which will occur .  

In o rde r  to ref ine  fu r the r  the fea tu res  of oblique c o m p r e s s i o n  shock  in teract ion with a turbulent  boundary 
l aye r  being developed on a f la t  su r face  (Fig. 1), exper imenta l  invest igat ions a re  p e r f o r m e d  for  the Mach num-  
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bers  M 1 = 2, 2.25, 2.5, 3, 4, unit Reynolds numbers  Re 1 = (30-36) �9 10 ~ m -1 and angles of shock genera tor  def lec-  
tion fl = 0-31 ~ The wedge is rota ted because of the rotation of the mobile par t  of the plate, executed in the 
fo rm of a c i rc le ,  on which it is mounted. The minimal angle of rotation assured  by the measurement  accuracy  
was 0.1 ~ in the whole range of variat ion of ft. The side face of the wedge and the mobile par t  of the plate were 
drained in a normal  control  section, at a range of 122.5 mm f rom the wedge leading edge. The distance f rom 
theplate leading edge to the control  section at fl = 0 was 430 ram. The wedge altitude is 220 mm and the length 
of the base is 242 mm. A wire turbul izer  0.5 mm in diameter ,  mounted at a distance of 3 mm f rom the leading 
edge, was used to turbulize the boundary layer  on the plate. In addition to measur ing  the p re s su re  distribution 
in the control  sect ion in the experiments ,  pat terns  of the limit s t reamlines  on the model surface were  inves-  
t igated, which had been obtained by using the method of o i l - s o o t  visualization. Angles of deflection ~1 and 71 
relative to the unperturbed s t r eam direct ion of the runoff (separation) and spreading (attachment) fundamental 
lines, respect ively were hence determined (see Fig. 1), as were also analogous angles ~2 and 72 of the s e c -  
ondary runoff and spreading lines for corresponding compress ion  shock angles e.  

In contras t  to the main mass  of s imi l a r  investigations, enclosing a na r rower  range of shock intensity 
variation,  it is detected that for  the case under considerat ion six, ra ther  than three,  fundamental interaction 
regimes  are charac te r i s t ic  (see Fig. 2). In addition to the known three (I interact ion without boundary layer  
separation; II, interact ion with separat ion;  IH, flow with secondary separation),  the boundaries of domains, 
noted ea r l i e r  in [9], are determined which charac ter ize  the phenomenon of the secondary  separat ion reversa l  
in attenuation (domain IV), disappearance (domain V), and repeated origination (domain VD of the secondary 
separat ion.  In addition to the results  obtained (the points 1), experimental  data (the points 2) f rom [7], where 
conditions h a v e b e e n  achieved corresponding to domain V and the fact of the disappearance of the secondary 
separat ion is confirmed, are presented for  comparison.  The boundaries of the detected domains are cha r ac -  
te r ized  by appropriate  cr i t ical  values of the angle f l . .  The quantities fi.1 and fi.2 (in radians) are  de te r -  
mined by relat ionships M 1 fl*l = 0.3 and M 1 fl, z = 0.6, proposed in [3, 4]. 

Going over  to an analysis of the l imit  s t reaml ines ,  obtained by using the o i l - soo t  visualization method, 
which cor respond to the new interaction regimes  detected (Fig. 3), it should be noted that the charac te r i s t i c  
schemes  (domains I, II, TIT in Fig. 2), known ear l ie r ,  have been examined in [1, 2, 4, 6, 9]. Only in [7, 8] have 
the singulari t ies  of cer ta in  new modes to be d iscussed in the example of the flow around a dihedral angle for 
M 1 = 2.95 and a sufficiently high Reynolds number  (Re 1 = 16 �9 10 ? m -1) been also analyzed here .  In contrast  
to the papers  mentioned, a different nature of secondary  separat ion development was observed for fi*z <- fl <- 
fl* 3 in the investigations performed,  as the Mach number  changes. The scheme corresponding to this regime 
(see Fig. 1) is qualitatively analogous to that presented in Fig. 3d and is just  charac te r ized  by a ra ther  more 
significant angle ~z of the secondary runoff (separation) line C 2 relative to the unperturbed s t r eam direction 
as compared with the compress ion  shock (CS) angle e.  For  M l = 3 and 4 the secondary  runoff C2 and spreading 
P2 lines (Fig. 3d) were formed by reaching fi = f l .  2 pract ical ly  at one over  the whole length of the interaction 
domain. At the same time, a gradual increase  in the extent of these lines was observed with the growth of 
fl in the case M 1 = 2, as occur red  in the investigations mentioned ea r l i e r  that  were per formed for  higher Rey-  
nolds numbers .  In conformity with the representat ions elucidated in these papers ,  the detected action of the 
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lVlach number  on the  nature  of secondary  sepa ra t ion  development  is comple te ly  explainable by the influence of 
a di f ferent  boundary l aye r  s ta te  in the sepa ra t ion  zone in the r e v e r s e  flow domain between P1 and C l, which i s  
de te rmined  by the extent  of the l imit  s t r e a m l i n e s  fo r  a f ixed single Reynolds number ,  i .e. ,  the local Reynolds 
number .  It can be a s s um ed  that  because  of the suf f ic ien t ly  low single Reynolds number  that exis ted  in the ex -  
p e r i m e n t s  p e r f o r m e d ,  the boundary l aye r  was eve rywhere  l a m i n a r  for  M 1 = 3 and 4 in the domain of secon-  
da ry  separa t ion  formulat ion.  A diminution of the Mach number  to M 1 = 2 involved an inc rease  in the shock 
angle e and the extent of the separa t ion  zone (the angles of  deflection ~i and ~2, respec t ive ly ,  of the runoff 
l ines C 1 and C2). Consequently,  the boundary l a y e r  made  the t rans i t ion  into the turbulent  s ta te  in the domain 
of sufficiently high local Reynolds num ber s ,  and the posi t ive  p r e s s u r e  gradient  between the lines C 2 and P~, 
which is r ea l i zed  in the r e v e r s e  flow direct ion,  tu rnedout  t o  be  insufficient to cause  secondary  separa t ion;  
The absence  of the l ines  C 2 and Pz in the neighborhood of the leading edge of the shock  gene ra to r  (see Fig: 3d) 
is  evidently re la ted  to the fact  that,  according to [10], no posi t ive  p r e s s u r e  gradient  occurs  in the domain be -  
tween P1 and C 1 in the r e v e r s e  flow direct ion,  which indicates  the essen t ia l ly  th ree -d imens iona l  nature  of the 
flow there in .  The appropr ia te  p r e s s u r e  dis t r ibut ion in the cha r ac t e r i s t i c  sect ion 1 - 1  (see Fig. 3d) is p r e -  
sented in Fig.  3e. At the s a m e  t ime,  the sepa ra t ion  flow becomes  quasieonical  with dis tance f r o m  the edge 
of the gene ra to r .  

As the  invest igat ions p e r f o r m e d  showed, increas ing  the angle fi i n t h e  range H. 2 ~ fi < fi*3 (see Fig.  2) 
is accompanied  by fu r the r  magnif icat ion of the secondary  separa t ion  c r i t e r i a .  However ,  fo r  fi*3 <- fi < fl*4 
a ce r ta in  attenuation in the secondary  runoff and spread ing  lines is observed.  In connection with the c o m -  
plexity of  fixing the beginning of this  r eg ime ,  the boundary corresponding to fl = fl*3 (see Fig. 2) is de te rmined  to 
not m o r e  than ~1 ~ accuracy .  Fo r  ce r ta in  fi > fi*3 (see Fig. 3a) these  secondary l ines become prac t i ca l ly  in- 
dist inguishable;  however ,  the l imit ing separa t ing  s t r e a m l i n e  (SSL) above which the flow deviates  in a di rect ion 
to C l, and below which does not r each  C l, can st i l l  be isolated.  In addition, s ta r t ing  with ce r t a in  values  of 
fl > fi.~, b i furcat ion of the runoff line C 1 is detected in a finite sect ion of the flow f r o m  the edge of the shock 
gene ra to r ,  whose extent i n c r e a s e s  as fi grows fu r the r  (see fig. 3a-d).  An analogous phenomenon was noted 
earlier in [I0]. The behavior of the limit streamlines between the two runoff lines being formed is sufficiently 
complex to establish because of the strong blurring of the off-spot mixture. 

Upon reaching the value fi = H, 4 the complete disappearance of secondary separation is observed (see 
Fig. 3b), and a further increase in fi in the range fi*4 -< fl < fi*5 is characterized by its absence. For fl = 
fl*5 repeated curvature of the streamline (SLC) is detected in the reverse flow region (see Fig. 3d), indicating 
the generation of secondary separation. A flow with clearly defined secondary separation criteria corresponds 
to the values fl > fl*5 (see Fig. 3d). Detailed measurement of the pressure distribution on the surface at the 
section 2-2 permitted the detection of an additional singularity in the neighborhood of the secondary separa- 
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t ion zone fo r  this reg ime (see Fig. 3f, solid line) as compared  with that typical  for  s m a l l e r  values  of the angle 
/3 (dashed line). The m a x i m u m  in the neighborhood of the line P2 and the region of the p r e s s u r e  plateau being 
f o r m e d  between the  l ines C 2 and P2 are  r e m a r k a b l e .  An analogous nature  fo r  the p r e s s u r e  dis tr ibut ion in the 
secondary  separa t ion  region was  obse rved  in [11] during flow by an opposite nea r -wa l l  je t  being e jected into a 
supersonic  s t r e a m .  Taldng account of the r e su l t s  of this paper ,  it can apparent ly  be a s sumed  that  for  fi > fi*5 
the internal  shock originat ing in supersonic  r e v e r s e  flow will be t r a n s f o r m e d  into a k -conf igura t ion  of shocks ,  
as above the ma in  separa t ion  zone. As the m e a s u r e m e n t s  executed showed, fo r  fi > fi .  5 the m a x i m u m  p r e s -  
sure  on the line Pa p rac t i ca l ly  equals the p r e s s u r e  in the region of the main separa t ion  zone pla teau pp or  can 
even exceed  it somewhat  for  sufficiently l a rge  ft. 

It is  v e r y  impor tan t  that,  in conformi ty  with the invest igat ions p e r f o r m e d ,  the repea ted  or ig inat ion of the 
seconda ry  separa t ion  ove r  the whole length of the in terac t ion  domain s imul taneous ly  for  different  number s  M I 
be fixed approx imate ly  fo r  the ve ry  s a m e  c r i t i ca l  ra t io  between the p r e s s u r e  on the line Pz (see Fig. 3f) and 
the minimal  p r e s s u r e  between the l ines P1 and C 2 (~.5 ~ 1.5). The boundary cor responding  to this value is de-  
no tedby the  solid line fo r  fi = fi*5 (see Fig.  2). The re fo re ,  the quantity }.5 cha rac te r i z ing  the intensi ty of the 
local shock  originat ing in the r e v e r s e  flow ag ree s  with the cr i t ica l  intensi ty } ,  1 = 1.5 of the oblique shock ini -  
t iat ing the sepa ra t ion  flow for  fi = fi*t and, according to [3], co r responds  to the conditions for  t h r e e - d i m e n -  
sional sepa ra t ion  of a boundary l a y e r  in the turbulent  s ta te .  This affords a foundation fo r  the assumpt ion  that  
the cause  of the  d i sappearance  of secondary  separa t ion  in the domain V (see Fig.  2) is in addition to the n e c e s -  
s a ry  condition noted ea r l i e r :  The conical  supersonic  nature  of the r e v e r s e  flow can apparent ly  be the a c c e l e r a -  
tion, dueto  different  f ac to r s ,  of the boundary l a y e r  t r ans i t ion  into the turbulent  s ta te  in the sepa ra t ion  zone as 
fl grows whenf l  >_ fl*4" One such fac tor ,  fo r  example ,  is the growing posi t ive  p r e s s u r e  grad ien t  in the r e -  
v e r s e  flow, whose action under  sub-  and superson ic  flow condition is probably  dist inct .  The lack  of sys t emat i c  
data about the cr i t ica l  intensi ty of a c o m p r e s s i o n  shock, cor responding to the separa t ion  condition in the l a m -  
inar  boundary l aye r  s i tuat ion under  considerat ion,  does not, unfortunately,  p e r m i t  exact  e s t i m a t e s  to be made 
about the poss ib i l i ty  o f  the exis tence  of a s econda ry  sepa ra t ion  flow for  fi = f i .  4 in case  the r e tu rn  flow were  
to b e  l aminar .  Ref inement  of th is  quest ion r equ i r e s  fu r the r  invest igat ion.  

According to the data  obtained (see Fig.  2), an inc rease  in the number  M s is accompanied  by a diminution 
inthe extent  of the domain of secondary  separa t ion  d i sappearance  V, and fo r  M 1 ~ 4.5-5 this domain should be 
miss ing .  Indeed, r e su l t s  p re sen ted  in [1] conf i rm the exis tence  of secondary  separa t ion  fo r  the number  M~ = 6 
up to the value fl = 20 ~ and its d i sappearance  is not noted he re .  This can apparent ly  be re la ted  to both the 
diminution in the local  Reynolds numbers  in the domain of s econda ry  separa t ion  format ion ,  and the l amin a r  
r e v e r s e  flow sect ion  cor responding  to the t ightening, a n d t o  the m o r e  significant  unfavorable  p r e s s u r e  g r a -  
clients which occur ,  other  conditions being equal,  in a r e v e r s e  flow as the number  M 1 i nc r ea se s .  

There fore ,  the exper imenta l  invest igat ions p e r f o r m e d  pe rmi t  r e f inement  of the boundary for  the exis tence  
of r e g i m e s ,  known and c lar i f ied  ea r l i e r ,  f o r  the th ree -d imens iona l  in teract ion between an oblique c o m p r e s s i o n  
shock and a turbulent  boundary l aye r .  In addition, the r easons  for  the secondary  separa t ion  attenuation being 
obse rved  in the domain IV as fl > fi*3 (see Fig.  2) r e m a i n  unc]ear .  It mus t  be noted that  the exis tence  of such 
a domain is n o t d e t e r m i n e d  in analogous invest igat ions  [7, 8], p e r f o r m e d  f o r  M 1 = 2.95 and sufficiently high 
Reynolds number s .  Only a hypothesis  re la t ive  to the probable  causes  can be p roposed  fo r  the different  flow 
development  being obse rved  in the separa t ion  zone. Fo r  example ,  the substant ia l  influence of the single Rey-  
nolds number  on the development  of the boundary l aye r  t r ans i t ion  f r o m  the l amina r  to the turbulent  s ta te  on a 
plate  as the s t r e a m  veloci ty  changes is known [12-14]. It is poss ib le  that an analogous influence on t rans i t ion  
in the sepa ra t ion  zone during the i nc rea se  in r e tu rn  flow veloci ty  as the shock intensity grows will de te rmine  
the different  nature  of secondary  separa t ion  fo rmat ion  fo r  substant ia l ly  dist inct ive Reynolds number s .  It can 
also be a s sumed tha t  the model  configuration also exe r t  s a definite influnece on this p r o c e s s .  Thus, in the case  of 
flow in a dihedral  angle the compres s ion  shock  in te rac ts  with the l amina r  and t rans i t ion  boundary l ayer  in the 
neighborhood of the leading edge. It is poss ib le  that  the effects  of this  interact ion,  being propaga ted  along the 
s t r e a m ,  will a lso  exe r t  influence on secondary  sepa ra t ion  development .  The exact  explanat ion  of the s ingu la r -  
ity noted above is a s soc ia ted  with the necess i ty  for  fu r the r  sy s t ema t i c  invest igat ions.  

In connection with the known diff icult ies of a theore t ica l  analys is  of the separa t ion  flows under  cons ide r -  
ation, genera l iza t ions  of their  different  c h a r a c t e r i s t i c s  in o rde r  to obtain co r re la t ion  re la t ions  acquire  specia l  
impor tance .  Sys temat ic  invest igat ions p e r f o r m e d ,  as well as genera l iza t ions  of extensive,  known exper imenta l  
r e su l t s  p e r m i t  the p roposa l  of an approximate  method for  computing the p r e s s u r e  dis tr ibut ion in the neigh-  
borhood of such separa t ion  zones fo r  different  s i tuat ions of separa t ion  formation:  in the p r e s e n c e  of a t u r -  
bulent boundary l aye r  on the sur face  ahead of the shock gene ra to r  and without it, fo r  instance,  in the flow around 
a dihedral  angle with in tersect ing leading edges in the case of large Reynolds number s .  
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A c c o r d i n g  to [4, 9], the ang les  of d e f l e c t i o n  ~1 and Yl of the runof f  C 1 and s p r e a d i n g  P1 l i nes  r e l a t i v e  to 
t he  u n p e r t u r b e d  s t r e a m  d i r e c t i o n  a r e  d e t e r m i n e d  by the r e l a t i o n s h i p s  ~ l  - ~ ' 2  = 1.82(& - e*2) and  71 - T* 1 = 
1.17(~ - e . l ) ,  w h e r e  ~P*I = e .2 a s  we l l  as  Y*I  c o r r e s p o n d  to /3 = f l* l  and depend  on the  n u m b e r  M 1. The e x -  
p e r i m e n t a l  da t a  f o r  the  angle  ~o 2 of the s e c o n d a r y  runof f  l ine C 2 a r e  g e n e r a l i z e d  in an ana logous  m a n n e r  (Fig ,4} 
1 -3  f o r  M 1 = 2.25, 3.0, 4.0, r e s p e c t i v e l y ,  in th i s  p a p e r ;  4 f o r  2.5; 5 f o r  5.9 f r o m  [1]; 6 f o r  2.95 f r o m  [7]). In the  
s u b s o n i c  t r a n s v e r s e  f low doma in ,  the  dependenc e  ~2 - ~0 *2 = 1 .72(e  - ~ .  2) ( l ine 1) i s  v a l i d  in the s e p a r a t i o n  
zone ,  w h e r e  r  = g*2 c o r r e s p o n d s  to /3 = / 3 ,  2, whi le  f o r  the s u p e r s o n i c  f low the de pe nde nc e  ~a = e (line 2) 
is  va l i d .  Tak ing  account  of the lmown r e l a t i o n s h i p  f o r  the  obl ique s h o c k  i n t e n s i t y  } = [2~4/(~ + 1)](M 2 s in  e)2 _ 
(~ - 1 ) / ( z  + 1), w h e r e  ~ = 1.4, and  a l s o  the  e q u a l i t y  } .  1 = 1.5 [3], we can  ob ta in  ~*1 = s i n - l ( 1 - 1 9 5 / M 2  ). A n -  
a l o g o u s l y ,  a c o n s e q u e n c e  of the e q u a l i t y  ~ .  2 = 2.2 d e t e c t e d  in the c o n s i d e r e d  Mach  n u m b e r  r a n g e  fo r  /3 = t3,2 
is  ~ .  2 = s i n - l ( l ' 4 2 4 / M I ) .  The r e l a t i o n s h i p s  c o n s i d e r e d  above  p e r m i t  m o r e  c onve n i e n t  d e p e n d e n c e s  to be ob -  
t a i n e d  which  wil l  d e t e r m i n e  the ang l e s  of d e f l e c t i o n  of the  runoff  C 1 and s p r e a d i n g  P1 l i ne s :  

7 1 =  

% = 1.82e - -  0.82 arcsin (1.195/M1); (1) 

{ t . t 7e - -O .85a rc s in ( t . t 95 /Mi )  at ~=/=0, (2) 

1 . 1 7 e -  0.498arcsin (I.195/Mj) at 5 ---- O, 

Condi t ion  (2) is  o b t a i n e d  when  t ak ing  into accoun t  t h a t  y . l / & . l  = 0.32 in the Mach  n u m b e r  r a n g e  u n d e r  con-  
s i d e r a t i o n  when a b o u n d a r y  l a y e r  wi th  t h i c k n e s s  6 # 0 e x i s t s  in the n e i g h b o r h o o d  of the  s h o c k  g e n e r a t o r  l e a d -  
ing edge ,  whi le  y . 1 / e . 1  = 0.682 f o r  6 = 0 [9]. 

A n u m b e r  of c h a r a c t e r i s t i c  p o i n t s  can  be  e x t r a c t e d  in d e s c r i b i n g  the p r e s s u r e  d i s t r i b u t i o n  in a c e r t a i n  
s ec t i on  x = eons t  in the  q u a s i c o n i c a l  f low doma in  in the  c a s e  /3 < /3,5, a s  the  r e l a t i v e  c o o r d i n a t e  z / x  i n c r e a s e s .  
The q u a l i t a t i v e  n a t u r e  of the  p r e s s u r e  d i s t r i b u t i o n  i s  p r e s e n t e d  in  F i g .  3f f o r  such  s i t u a t i o n s  (the cu rve  with  
the  s e c t i o n  d e n o t e d b y  d a s h e s ) .  A c c o r d i n g  to the  g e n e r a l i z a t i o n s  m a d e ,  the  r e l a t i v e  p r e s s u r e  z / x  = 0 is  

p/;~ ~ 5. (3) 

As z / x  i n c r e a s e s  to  the  va lue  ( z / x )  l = tan(T2 - /3) c o r r e s p o n d i n g  to  the  s p r e a d i n g  l ine  P l ,  the  p r e s s u r e  r i s e  
is assumed linear to the quantity 

/ t ,48(M,  s i n e ) 2 -  0,617 at ~ , l ,  

P / P ~ =  [ ~ at f i < ~ , x .  (4) 

The s u b s e q u e n t  d iminu t i on  of the  p r e s s u r e  f o r  z / x  > ( z / x )  1 to  a c e r t a i n  po in t  c o r r e s p o n d i n g  to  i t s  m i n i m u m  
can a l s o  be c o n s i d e r e d  l i n e a r .  The angle  ~ of the l ine  of  m e n t i o n e d  m i n i m a l  v a l u e s  i s  d e t e r m i n e d  by the  r e l a -  
t i o n s h i p  (r - f i ) / ( ~  - fi) = 0.9 [9], and t h e r e f o r e ,  the c o o r d i n a t e  of a po in t  on th i s  l ine  is  ( z / x )  2 = t a n [ 0 . 9 ( e - / 3 ) ] .  
On the b a s i s  of the g e n e r a l i z e d  e x p e r i m e n t a l  d a t a  [9], the de pe nde nc e  

P/Pl  = t + (Pp/Pl  - -  1) [ i - -  [ (z, - -  0.64)/0.46 ]81, (5) 
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is obtained to descr ibe  the p r e s s u r e  dis tr ibut ion in the separa t ion  zone f rom the point of the beginning of its 
r i s e  to the min imum point noted, where  z .  = [(z/x)  - (z/x)1] / [(z/x)3 - (z /xl ) ] ,  and (z /x)  S is the coordinate 
of a point on the runoff line C 1 de te rmined  by the re la t ionship 

(~/x)3 = tg (r - -  ~) ~- (2,858/z) {i - -  [(~ - -  ~.~ - -  i5)/i5] 2} (6) 

(fl in degrees) .  Because  of the exist ing analogy between two-  and th ree -d imens iona l  separa t ion  flows [2, 4], 
the re la t ive  p r e s s u r e  in the region of the plateau Pp /P l  can he re  be calculated sufficiently exact ly  by any of the 
known valid re la t ions  fo r  two-dimensional  separa t ion  flows including M n = M l s i n  ~ or  Mn = M1 sin ~1 [7, 8]. 

The computat ions p re sen ted  in the p roposed  method for  the different  conditions of separa t ion  flow f o r m a -  
tion and wide range  of fl and M 1 var ia t ion  i l lus t ra te  the sa t i s fac to ry  a g r e e m e n t  with r e su l t s  of expe r imen t s  
fFig. 5a,(6 =0): 1) M 1 =2.0 ,  fi =14.4 ~ 2) M I =4.03,  fi =16.3 ~ - [ 1 5 ] ;  ( 5 ~  0): 3) M 1 =3.71,  fi =12 ~  
4) M 1 =5.89,  fl =12 ~ [16] ;b ) (5  =0): 1) M 1 =2.95,  fi =11~ 2) fl =18.5 ~ [7, 8]). 

The author is deeply grateful  to A. M. Khari tonov,  V. I.  Korni lov,  V. A. Lebige,  S. A. Gaponov, and N. F. 
Polyakov fo r  discuss ing the r e s e a r c h  and f o r  useful  r e m a r k s .  
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