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The study of the flow around swept wings is a s soc i a t ed  with the inves t igat ion of t h r e e - d i m e n s i o n a l  
boundary- layer  t r ans i t i on  f rom the l amina r  into the turbulent  s ta te  at superson ic  fl ight ve loc i t i e s .  It has 
been de tec ted  e a r l i e r  [1] that  the t rans i t ion  region  on a swept wing is cons ide rab ly  c l o s e r  to the leading 
edge than on a s t r a igh t  wing. Invest igat ions  [2] have shown that the diminution in length of the l a m i n a r  s e c -  
tion as the sweep angle X i n c r e a s e s  is r e l a t e d  mainly  to the in tens i ty  of the t r a n s v e r s e  c u r r e n t s  due to 
leading-edge b luntness ,  as well  as to the p r e s e n c e  of a p r e s s u r e  g rad ien t  in the chord  d i r ec t ion .  

However,  the t e s t  data  avai lable  on this question at  supersonic  speeds  r e f e r  to swept  wings with f lat  
su r f aces ,  i . e . ,  to f lat  sweptback p la tes  [3]. 

The i n c r e a s e  in the t r ans i t ion  Reynolds number  Re* as the unit  Reynolds  number  ( U / v ) ~  grows is 
c h a r a c t e r i s t i c  [4, 5]; neve r the l e s s  the nature  of this phenomenon has not as yet  been ful ly c l a r i f i e d .  

The combined influence of the sweep angle and the unit Reynolds  number  on the length of the l amina r  
sec t ion  is of i n t e r e s t  in a study of the p rob lem of t rans i t ion  on swept wings.  

In this connect ion,  the joint  influence of the quanti t ies  • and ( U / v ) ~  on the locat ion of t r ans i t ion  f rom 
the l amina r  to the turbulen t  flow mode was inves t iga ted  in the Inst i tute  of Theo re t i c a l  P r o b l e m s  of Mechan- 
ics  of the S iber ian  Branch  of the USSR Academy of Science .  

The e x p e r i m e n t s  were  conducted at the Mach numbers  M = 3 and 4 in the (U/v)r o = (20-58) �9 106 m - i  
Reynolds -number  range  at ze ro  angle of a t tack  in a supersonic  wind txmnel with 0.6 • 0.6 m 2 working sect ion.  

The model  under  inves t iga t ion  is a wing of s t r a igh t  p lanform with a 250-mm chord,  400-ram span, and 
c * = 0.03 re l a t ive  prof i le  th ickness .  The d i a g r a m  of fastening the model  1 to the st ing 2 is p r e s e n t e d  in 
F ig .  1. 

The upper  (working) su r face  of the model  is executed in pa rabo l i c  a r c s ,  while the lower  was not p r o -  
f i l e d  out of s t r u c t u r a l  c o n s i d e r a t i o n s .  The leading-edge th ickness  was checked by a UIM-21 type m i c r o -  
scope and was 0.11 mm.  The height of the mic ro roughness  of the working sur face  did not exceed  1.6 ~ .  
The units 3 fastening the model  to the st ing were  executed  so that  the sweep angle of the leading edge could 
be va r i ed  between 0 and 90 ~ l i m i t s .  

TABLE 1 

X T0~ ~ ~ 

- - t  
t9 
39 
49 

--t 
t9 
39 
49 

Met (U, v)oc.t0-% ~-,  

3.03 20 .5 ,41 .0 ,51 .1  
3.04 2i .5,41.2,51.3 
3.03 20.4,42.6,53.7 
3.04 21.1,4t.4,52.4 
4 .06 23.7,36.5,54.0 
4.07 23.6,36.6,54.7 
4 .06 23.9,36.0,54.6 
4.08 23.6,36.6,58.t 

270 
265 
265 
26~ 
274 
270 
271 
266 

The locat ion of t r ans i t i on  was de t e rmined  by the change 
in total  p r e s s u r e  P0* in the boundary l a y e r  along the f r e e -  
s t r e a m  d i rec t ion  at a f ixed d is tance  f rom the wal l .  Points  at 
which the m e a s u r e d  p r e s s u r e  P0* r eached  the min imum and 
max imum value,  r e s p e c t i v e l y ,  were  taken as the beginning and 
ending of t r ans i t i on .  The p r e s s u r e  de tec to r ,  mounted on the 
v e r t i c a l  suppor t  of the t r a v e r s i n g  gea r  which had a se rvo  dr ive ,  
could be d i sp laced  along the model  su r face  in the f r e e - s t r e a m  
d i rec t ion .  Two plane p r e s s u r e  de t ec to r s  with the effect ive 
height  0.35 and 0~2 mm were  used.  The e r r o r  in de te rmin ing  
the locat ion of the de tec to r  on the prof i le  g e n e r a t o r  (x) and i ts  
pe rpend i cu l a r  (y) is  �9 1 and ~- 0.1 mm,  r e s p e c t i v e l y .  
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The tota l  p r e s s u r e s  we re  m e a s u r e d  at d i s c r e t e  l oca -  
t ions  of the de t ec to r  at  Ax ~ 10 m m  i n t e r v a l s .  A group  r e -  
co rd ing  m a n o m e t e r  of c l a s s  0.5 with a 0.2 gauge arm.  range  
of m e a s u r e m e n t  was  used  to m e a s u r e  the p r e s s u r e .  

I t s h o u l d  be noted that  when (U/u)~o ~ 50 �9 106 and 
• >- 40 ~ the b o u n d a r y - l a y e r  t h i cknes s  at  the end of the 
l a m i n a r  sec t ion  t u r n e d  out to be c o m m e n s u r a t e  with the 
he ight  of the tota l  p r e s s u r e  de t e c t o r .  Ava i l ab le  data  on this  
ques t ion  show that  an i n c r e a s e  in the de t ec to r  he ight  up to 
the d i m e n s i o n  of the b o u n d a r y - l a y e r  th i ckness  does not  a f -  
fect  the Re n u m b e r  of the end of t r a n s i t i o n  and i n c r e a s e s  
the Re n u m b e r  of the beg inn ing  of t r a n s i t i o n  somewha t .  
Hence,  t he re  is a foundat ion to a s s u m e  that  the r e s u l t s  h e r e -  
in have been  obta ined  with a su f f i c i en t  degree  of a c c u r a c y .  

The i n f o r m a t i o n  about  the t e s t  modes  a re  p r e s e n t e d  
in the t ab le .  

P r e s e n t e d  in F ig .  2 a re  typica l  e x p e r i m e n t a l  c u r v e s  
of the to ta l  p r e s s u r e  d i s t r i b u t i o n  in the b o u n d a r y  l a y e r  
along the f r e e - s t r e a m  d i r e c t i o n  for Moo = 3 ,~  = 40 ~ as a func-  
t ion of p* (x), where  the points  1, 2, 3 r e f e r  to (U/~)~o = 
53.7 �9 106, 42.6 �9 106, and 20.4 �9 106 m -1, r e s p e c t i v e l y .  It is 

s een  that  the 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  depends  e s -  
s e n t i a l l y  on the un i t  n u m b e r  (U/u)~o,  where  the smooth  
fo rm of the dependence  Po* changes  to a c u r v e  with a c l e a r -  
ly e x p r e s s e d  m i n i m u m  or  m a x i m u m  as the un i t  n u m b e r  i n -  
c r e a s e s .  

Shown in F i g s .  3 and 4 is  the in f luence  of the sweep 
angle )~ and the un i t  n u m b e r  (U/u)oo on the n o r m a l i z e d  
Reyno lds  n u m b e r  ( R e * ) •  *)• at M~o = 3 and 4, where  
the points  1, 2, 3 r e f e r ,  r e s p e c t i v e l y ,  to (U/~ ~o = 20.0 " 
106 , 40.0 �9 106 , 55.0 �9 106 m - l :  4 and 5 a re  b o r r o w e d  f rom 

[6] for (U/~)~o = 14.0 " 106 and 23.6 �9 106 m -1, r e s p e c t i v e l y ,  
and da ta  of M. A. A lekseev  were  u s e d  for 6. Ana logous ly ,  
the points  7, 8, 9, 10 a r e  the r e s u l t s  of the p r e s e n t  r e s e a r c h  
for ( U / u ) ~  = 20.0 �9 106, 30.0 ' 106, 40.0 �9 106, and 55.0 - 106 
m - l ,  r e s p e c t i v e l y ,  while 11 was taken f r o m  data  in [3] for  
(U/u)~o = 63.6 �9 106 m -1. 

The r e s u l t s  of the p r e s e n t  r e s e a r c h  are c o m p a r e d  
with da ta  obta ined  in other  wind t u n n e l s .  It is  s e e n  that  the 
e x p e r i m e n t a l  v a l u e s  of (Re*) / ( R e * )  -0 a re  in s a t i s f a c t o r y  
a g r e e m e n t  and are  d e s c r i b e d ~ y  a cer%ain average  c u r v e ,  
whose shape depends  on the n u m b e r  lV~. This  affords  a 
foundat ion  for  a s s u m i n g  that  the change in the n o r m a l i z e d  
Reyno lds  n u m b e r  as a funct ion  of the sweep angle is  ap-  
p a r e n t l y  independen t  of the un i t  Re n u m b e r .  

Dependences  for  the va lue  (U/v)~ o = 20.0 - 106 m -K, 
which c h a r a c t e r i z e s  the n u m b e r  Re* eva lua t ed  at the b e g i n -  
n ing  1 and end ing  2 of the t r a n s i t i o n  a re  r e p r e s e n t e d  in 

F ig .  5 and show that  the point  of t r a n s i t i o n  sh i f t s  qui te  r a p i d l y  toward  the wing lead ing  edge as the sweep 
angle i n c r e a s e s .  The m o s t  i n t ens ive  d i m i n u t i o n  in the length  of the l a m i n a r  s ec t ion  is o b s e r v e d  in the • = 
20-40 ~ range  of ang le s .  The t r a n s i t i o n  r eg ion  b r o a d e n s  as the n u m b e r  M~o i n c r e a s e s  f r o m  3 to 4. 

P r e s e n t e d  in F ig .  6 are  va lues  of Re* c a l c u l a t e d  at  the end of the t r a n s i t i o n ,  as a funct ion of the t u n -  
nel  un i t  n u m b e r  (U/u)oo for d i f f e r en t  va lues  of the sweep angle ~, where  the poin ts  1, 2, 3 a re  r e p r e s e n t e d  
at the n u m b e r  Moo = 3 and c o r r e s p o n d  to the va lues  • = 0, 20, 40, 50 ~ of the angle ,  and the points  5, 6, 7, 8 
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re fe r  to the same values of the angle X, for the number Moo = 4. The systemat ic  increase  in the transit ion 
number Re* as the unit Reynolds number grows is seen. As the angle • increases ,  the tendency for the 
number Re* to grow is reduced substantially, and in individual cases  (lVI~ = 3, • >- 40 ~ pract icaUy no in- 
fluence of (U/v)oo on the location of transit ion is detected. An increase  in the number M~ from 3 to 4 
causes a rapid growth in the number Re, as has been remarked  ear l ie r  by Michel, Pot te r ,  and others .  

Therefore ,  exper imental  investigations of the combined influence of the sweep angle and the unit 
Reynolds number on the location of boundary-layer transit ion on a swept wing in a broad range of numbers  
(U/v)oo for Moo = 3 and 4 have shown that as the sweep angle increases  the location of transit ion shifts 
rapidly toward the wing leading edge. The resul ts  obtained are in sa t i s fac tory  agreement  with the resul ts  
of other authors.  A continuous increase  in the number Re* holds on straight  wings as the unit number 
(U/v)oo grows,  just  as on a flat plate. The tendency for the number Re* to grow is reduced substantially 
at large sweep angles )t >- 40 ~ 
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