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O B S T A C L E  U N D E R  U N S T E A D Y  C O N D I T I O N S  
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A met:hod and the  c o r r e s p o n d i n g  d e t e c t o r s  f o r  m e a s u r i n g  l a r g e ,  v a r y i n g  hea t  f luxes  have 
been  s t u d i e d .  T h e  hea t  f l uxes  f r o m  a p l a s m a  j e t  to  a b lun t  o b j e c t  n e a r  the  s t a g n a t i o n  po in t  
have  been  m e a s u r e d  u n d e r  u n s t e a d y  c o n d i t i o n s .  

F o r  an a r b i t r a r y  t i m e  v a r i a t i o n  of the  hea t  f lux a t  a s u r f a c e ,  the  t e m p e r a t u r e  f i e l d  of a s e m i i n f i n i t e  
o b j e c t  i s  g iven  by the  i n t e g r a l  [1] 

1 ~ q (t) e-x~/4a( ~-tl dr. 
T (x,~) = T o + i/~cp,~ .1 

0 

(1) 

P a r t i t i o n i n g  the  t i m e  i n t e r v a l  u n d e r  c o n s i d e r a t i o n  into k s u b i n t e r v a l s ,  and a s s u m i n g  tha t  the  hea t  f lux i s  con-  
s t an t  o v e r  each  such  s u b i n t e r v a l ,  we f ind the  fo l lowing  equa t ion  fo r  the  hea t  f lux  [1]: 

w h e r e  

k - - I  

s = l  

Ch,, = g ' k ~  ierfc 1 - -  1 / ~  ierfc 1 
2~: A F % ( k - - s  + 1) 2V~AFo~ (k - -  s) 

To d e t e r m i n e  the  t i m e  d e p e n d e n c e  of the  hea t  f lux  in Eq.  (2) we m u s t  m e a s u r e  the  t e m p e r a t u r e  at  s o m e  point  
of  the  o b j e c t  at  a d i s t a n c e  x f r o m  the  s u r f a c e .  C a l c u l a t i o n s  show tha t  fo r  m e a s u r e m e n t  of hea t  f luxes  on the  
o r d e r  of 1 k W / c m  2 the  so lu t i on  in (2) i s  s t a b l e  fo r  A F o  x >_ 0 .5-1  [2]. When a t h e r m o c o u p l e  i s  p l a c e d  1-2 m m  
f r o m  the  s u r f a c e ,  the  f i r s t  va lue  of the  hea t  f lux  can  be  found a t  a t i m e  0 .005-0 .01 s e e  a f t e r  the  beg inn ing  of  
the  p r o c e s s .  Th i s  t i m e  i n t e r v a l  i s  the  m i n i m u m  va lue  of the  t i m e  i n t e r v a l s  into which  the c u r v e  T = f ( r )  can  
be p a r t i t i o n e d  in o r d e r  to f ind a s t a b l e  so lu t ion .  

The  d e t e c t o r s  u s e d  in  th i s  m e t h o d  a r e  long c o p p e r  r o d s  wi th  h e a t - i n s u l a t e d  l a t e r a l  s u r f a c e s .  The  t e r n -  
p e r a t u r e  at  the  r e a r  end of the  r o d  i s  m o n i t o r e d  by a t h e r r n o c o u p l e .  N e a r  the  f r o n t  end Of the  r o d ,  be tween  
the  r o d  and the  i n s u l a t i o n ,  i s  an annu Ia r  con t a c t  0 .5-1  m m  wide;  o v e r  the  r e m a i n d e r  t h e r e  i s  an a i r - f i l l e d  g a p .  

C o m p a r i s o n  of the  me thod  of a s e m i i n f i n i t e  o b j e c t  wi th  the  m e t h o d  of [3] shows  (see  F i g .  1 of  [4]) tha t  
the  two g i v e  a p p r o x i m a t e l y  the  s a m e  r e s u l t s .  To d e t e r m i n e  the  hea t  f l uxes  by  the  s e c o n d  m e t h o d  i t  i s  n e c e s -  
s a r y  to  m e a s u r e  the  rod  t e m p e r a t u r e  at  f ou r  po in t s  a long  i t s  l ength .  F o r  a c o n s t a n t  v a l u e  of the  hea t  f lux ,  
the  me thod  of a s e m i i n f i n i t e  o b j e c t  a g r e e s  wi th in  the  m e a s u r e m e n t  e r r o r  (10%-15%) with  the e x p o n e n t i a l  
m e t h o d  f o r  m e a s u r i n g  hea t  f luxes  (F ig .  2 of [4]). F i n a l l y ,  the  t e s t  of the  me thod  r e p o r t e d  b e l o w  a l s o  c o n -  
f i r m s  i t s  s u i t a b i l i t y  f o r  m e a s u r e m e n t s  (F ig .  2). 

To t e s t  t h e  a p p l i c a b i l i t y  of  the  o n e - d i m e n s i o n a l  t h e o r y  [Eq. (2)] in  the  e a s e  of c y l i n d r i c a l  d e t e c t o r s ,  we 
c a r r i e d  out  a n u m e r i c a l  c a l c u l a t i o n  of the  t e m p e r a t u r e  f i e l d s  f o r  a d e t e c t o r  m o d e l .  We t r e a t e d  v e r s i o n s  of the  
d e t e c t o r  wi th  t e x t o l i t e  and c o p p e r  p r o t e c t i v e  s l e e v e s .  F o r  v e r s i o n  a (F ig .  1) the  hea t  f lux  was a s s u m e d  to be 
0.7 o r  3 k W / e m  2, c o r r e s p o n d i n g  to c o n c r e t e  e x p e r i m e n t s ;  f o r  v e r s i o n  b i t  was q = 0.55 k W / e m  2, and the width 
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F i g .  1. Mode l  of  the  d e t e c t o r s ,  a) D e t e c t o r  wi th  t e x t o l i t e  s l e e v e ;  
b) c o p p e r  s l e e v e .  

of  the  c o n t a c t  b e t w e e n  the  d e t e c t o r  and  the  s l e e v e  was  1 o r  0.4 r am.  On the  b a s i s  of  p r e l i m i n a r y  c a l c u l a t i o n s  
we c h o s e  a l eng th  of  10 m m  f o r  t he  d e t e c t o r ;  t h i s  i s  s u f f i c i e n t  fo r  s i m u l a t i o n  of  a s e m i i n f i n i t e  o b j e c t  o v e r  a 
t i m e  i n t e r v a l  o f  0 .2 -0 .3  s e c .  

In a c c o r d a n c e  with  the  e x p l i c i t  c a l c u l a t i o n  s c h e m e  (whose a p p l i c a b i l i t y  f o r  a p r o b l e m  of th i s  t ype  was  
c h e c k e d  b e f o r e h a n d  t h r o u g h  a c o m p a r i s o n  wi th  t he  a n a l y t i c  s o l u t i o n  f o r  a s e m i i n f i n i t e  o b j e c t ) ,  the  t e m p e r -  
a t u r e  at  the  i n t e r i o r  po in t s  of  the  m o d e l  d e t e c t o r  (F ig .  1) was d e t e r m i n e d  f r o m  

ti,m,k+x=[1--2(hFor+ AFoz)]ti,m,u-t-AFo~(1-- At i AFor ( 1 Ar\ t  2r, / t i -~" 'k  -+- -}- ~ ) ~+a,m,h -]- AFo= (t~,m_,,~ -F tl,m+~,u). (3) 

The  s t e p  a long  the  z d i r e c t i o n  was  c h o s e n  to be 0.2 r am,  and we c h o s e  A r  = 0.5 m m ;  then  the  s t e p  AT can  be  
a s s u m e d  to  be  10 -4 s e c  on t h e  b a s i s  of the  s t a b i l i t y  c o n d i t i o n  0 -< [1 - 2 ( a ~ ' ) / ( A r )  2 + aA~- / (Az)  2 ] <-- 1. We a s -  
s u m e d  i d e a l  t h e r m a l  c o n t a c t  a t  t he  c o n t a c t  be tween  the  d e t e c t o r  and the s l e e v e ;  a t  the  o t h e r  s u r f a c e s ,  e x c e p t  
the  f r o n t  end ,  we a s s u m e d  t h e r e  was  no hea t  t r a n s f e r .  

A n a l y s i s  of the  t e m p e r a t u r e  f i e l d s  found shows  tha t  in  the  d e t e c t o r  t h e r e  a r e  r a d i a l  t e m p e r a t u r e  g r a -  
c l ien ts ,  which  have  e s s e n t i a l l y  no e f fec t  on the  t e m p e r a t u r e  at  the  ax i s  o f  the  d e t e c t o r  in the  c a s e s  c o n s i d e r e d  
(Fig .  2). R e c o n s t r u c t i o n  of the  hea t  f lux  on the  b a s i s  of the  t e m p e r a t u r e  a t  the  ax i s  a t  a d i s t a n c e  of 1 m m  
f r o m  the  end ,  by m e a n s  of  the  m e t h o d  of  a s e m i i n i f i n t e  o b j e c t ,  y i e l d s  v a l u e s  a p p r o x i m a t e l y  the  s a m e  as  the  
o r i g i n a l  f l u x e s .  In  p a r t i c u l a r ,  f o r  the  c a s e  shown in  F i g .  2 t he  hea t  f lux in  the  n u m e r i c a l  c a l c u l a t i o n  was 
a s s u m e d  to be 3 k W / c m  2, which  i s  in  good  a g r e e m e n t  wi th  the  c a l c u l a t e d  v a l u e s  of q (points 9). I t  a l so  fo l -  
lows f r o m  th i s  c h a r t  t ha t  t h e r e  a r e  no s i g n i f i c a n t  r a d i a l  hea t  f luxes  in  the  d e t e c t o r s  u s e d ,  so  tha t  they  a r e  

s u i t a b l e  f o r  m e a s u r e m e n t s .  

M e a s u r e m e n t  of  the  hea t  f l uxes  in  the  i n i t i a l  s t a g e  of the hea t ing  of a b lunt  o b j e c t  n e a r  the  s t a g n a t i o n  
po in t  in  a p l a s m a  j e t  [2, 4] showed  tha t  the  hea t  f luxes  u s u a l l y  i n c r e a s e  f r o m  z e r o  to a s t e a d y - s t a t e  va lue  
( F i g s .  2 and 3),  which  i s  g o v e r n e d  by the  p r o p e r t i e s  of  the  gas  f low and by the  s h a p e  of the  o b j e c t  [5]: 

q = 4.5.10-4"R-~ 5p~ �9 2~(p 0 - -  p|176 0 --hw). (4) 

In s o m e  c a s e s  the  hea t  f l uxes  w e r e  c o n s t a n t ,  beg inn ing  wi th  the  f i r s t  va lue  found.  The  b e h a v i o r  of  the  hea t  
f lux does  not  d e p e n d  on the  n a t u r e  of  the  g a s  [6] ( a i r  o r  a rgon)  o r  the  p r o p e r t i e s  of  the  g a s  f low [6] (F ig s .  2 
and 3).  The  hea t  f lux i s  the  s a m e  i f  the  d e t e c t o r  i s  in  a c o a x i a l  a r r a n g e m e n t  with the  nozz l e  b e f o r e  the  a p -  
p e a r a n c e  of  the  p l a s m a  j e t  o r  i f  the  d e t e c t o r  i s  i n s e r t e d  into  the  j e t  a f t e r  the  a p p a r a t u s  has  been  t u r n e d  on [6]. 

Th i s  a n a l y s i s  of  the  t e m p e r a t u r e  f i e l d s  in  the  d e t e c t o r  showed  tha t  the  o b s e r v e d  i n c r e a s e  in q d u r i n g  
the  "initial  s t a g e  canno t  be  a t t r i b u t e d  to  hea t  f l uxes  a c r o s s  the  c o n t a c t  be tween  the  d e t e c t o r  and  the p r o t e c t i v e  
s l e e v e .  The  c h a n g e  in the  h e a t  f lux  was  c a u s e d  by e x t e r n a l  f a c t o r s .  

The  p r o b l e m  of the  f low of a g a s  wi th  c o n s t a n t  p r o p e r t i e s  a r o u n d  a b lun t  o b j e c t ,  wi th  u n s t e a d y  h e a t  e x -  

c h a n g e ,  can  be f o r m u l a t e d  a s  fo l lows  [7]: 

1 ( 1 _ / , ~ ) = 0  ' 00 =pr[.0_~0 + 020 (5) 
f'" :~-[[" + T OT, oq 0)] ~ 

N e g l e c t i n g  the  s e c o n d  t e r m  of  t he  e n e r g y  equa t ion  n e a r  the  s t a g n a t i o n  p o i n t ,  w h e r e  the  v e l o c i t y  c o m p o n e n t s  
v a n i s h ,  we r e d u c e  the  h e a t - t r a n s f e r  p r o b l e m  to a h e a t - c o n d u c t i o n  p r o b l e m  in o r d e r  to s tudy  the n a t u r e  of the  
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F i g .  3 
F i g .  2. C h a r a c t e r i s t i c s  of the  hea t ing  of a d e t e c t o r  wi th  a s p h e r i c a l  t e x t o l i t e  p r o -  
t e c t i v e  s l e e v e  by a p l a s m a  j e t .  q s t  = 3 kW/cm2;  N = 147 kW, G = 7 g / s e c  (a i r ) .  
1-5) T e m p e r a t u r e  at  the  a x i s  a t  s e v e r a l  d i s t a n c e s  f r o m  the  f r o n t  end;  1 , 4 ,  5) 1 r am;  
2) 5 m m ;  3) 30 m m ;  1 , 2 , 3 )  e x p e r i m e n t a l ;  4) c a l c u l a t e d  f o r  a s e m i i n f i n i t e  o b j e c t  
wi th  q = 3 k W / c m 2 ;  5) n u m e r i c a l  c a l c u l a t i o n  fo r  a d e t e c t o r  m o d e l  wi th  q = 3 kW/cm: : ;  
6-9)  q = f  (T); 6) AT = 0.05 s e c  with r e s p e c t  to  c u r v e  1; 7) AT = 0.025 s e c ,  c u r v e  1; 
8) AT = 0.1 s e c ,  c u r v e  2; 9) AT = 0.025 s e c ,  c u r v e  5. The  t e m p e r a t u r e  t i s  in 

d e g r e e s  C e l s i u s .  

F i g .  3. C h a r a c t e r i s t i c s  of the  he a t i ng  of  a p l ane  d e t e c t o r  by a p l a s m a  j e t  i m m e d i -  
a t e l y  a f t e r  the  a p p a r a t u s  i s  t u r n e d  on.  N = 51 kW,  G = 1.55 g / s e c  (n i t rogen) .  The  
d i s t a n c e  f r o m  the  n o z z l e  to the  d e t e c t o r  i s  L = 10 r a m .  1) q =f( 'c )  with  &T = 0.01 s e c ;  

2) 0.05 s e c ;  3) &Pk = f ( T ) .  

change  in  the  h e a t  f lux  a t  the  s u r f a c e .  F o r  a r b i t r a r y  v a r i a t i o n s  of the  t e m p e r a t u r e s  of t he  s u r f a c e  and the  
l iqu id  a t  a d i s t a n c e  5 f r o m  the  s u r f a c e ,  we f ind  [8] 

~ (O~,.r-- 0 s, T) 

q =  1/~d~erf (6/2V-~) 

and 

f f ,  w w  
q L 

0 l - -  O s V ~ e r f  (6/2V'a~-~) " 

(6) 

The  f i r s t  f a c t o r  in  the  d e n o m i n a t o r  i n c r e a s e s  as  t i m e  e l a p s e s ,  whi le  the  s e c o n d  d e c r e a s e s .  The  h e a t - t r a n s f e r  
c o e f f i c i e n t  and  the  hea t  f lux can  thus  e i t h e r  i n c r e a s e  o r  d e c r e a s e  a s  t i m e  e l a p s e s .  An e s t i m a t e  of the  b e h a v i o r  
of q f o r  the  h e a t - t r a n s f e r  cond i t i ons  p r e v a i l i n g  in the  p l a s m a  j e t  (the t h i c k n e s s  6 i s  a s s u m e d  to be 2.4,T---v7~ 
[9]) r e v e a l s  a d e c r e a s e  of the  hea t  f lux  as  t i m e  e l a p s e s .  

A d e c r e a s e  in  h e a t  f lux  o v e r  t i m e  i s  a l s o  p r e d i c t e d  by a n u m e r i c a l  s o l u t i o n  [8] of t he  e n e r g y  equa t ion  wi th  
the  fo l lowing  t e m p e r a t u r e  d e p e n d e n c e  f o r  the  g a s  p r o p e r t i e s :  

t t 

w h e r e  p = C / h ;  s = . I ~ I t  = A I + Ah; h = ;c~dt; C,  A t ,  and A a r e  c o n s t a n t s ;  and the  t e m p e r a t u r e  of the  l iqu id  
0 0 

c h a n g e s  in  a s t e p  m a n n e r .  

The  s c a l e  t i m e  f o r  the  hea t i ng  of the  g a s  l a y e r  a d j a c e n t  to  t he  o b j e c t  was e s t i m a t e d  on the  b a s i s  of  the  
h e a t - c o n d u c t i o n  p r o b l e m  f o r  a p l a t e  in  c o n t a c t  wi th  a s e m i i n f l n i t e  o b j e c t  [8]. T h e  t h i c k n e s s  of the  p l a t e  
s i m u l a t i n g  the  b o u n d a r y  l a y e r  was d e t e r m i n e d  f r o m  the  equa t ion  g i v e n  above  [9]. The  c a l c u l a t e d  r e s u l t s  f o r  
v e l o c i t i e s  of 100 and 1000 m / s e c  a r e  0 . 7 . 1 0  -4 and  0 .7 -10  -~ s e c ,  r e s p e c t i v e l y .  The  s c a l e  t i m e  fo r  the  f o r m a -  
t-ion of  the  t h e r m a l  b o u n d a r y  l a y e r  a c c o r d i n g  to the  d a t a  of [7] i s  0.5" 10 -4 o r  0 .5 .10  -~ s e c  f o r  t h e s e  v e l o c i t i e s ;  
a c c o r d i n g  to  t he  d a t a  of [10], t h i s  t i m e  i s  1.8"10 -4 o r  1 .8-10  -~ s e c .  T h e s e  v a l u e s  a r e  we l l  be low the  e x p e r i -  
m e n t a l  v a l u e s  of  the  t i m e  i n t e r v a l  o v e r  which  the  h e a t  f lux  c h a n g e s ,  i . e . ,  0 .1 -0 .2  s e c  ( F i g s .  2 and 3). 
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Fig. 4. Charac te r i s t i cs  of the heating 
of a plane detector  by a p lasma jet with 
fluctuating pa r ame te r s .  N = 48 kW, G = 
1.55 g / s e c ,  L = 15 ram. 1) q =f(T); 2) 
Ap k =f(r). q is in kilowatts per  square 
mete r ;  AP /5 .10  -3 is in newtons per  
square  me te r ,  and T is seconds.  

The changes in the heat flux observed experimental ly  during the initial stage of the heating therefore  
cannot be explained on the basis of unsteady thermal  p rocesses  in the boundary layer .  In each case there  can 
be par t icu lar  fac tors  governing the change in the heat flux. 

The measurements  showed that when the detector  is inser ted  into the jet the scale t ime for  the change 
in the heat flux is the same as the t ime corresponding to radial  motion of the sensit ive element in the jet. The 
position of the detector  was determined with a loop osci l lograph.  When a shield was used over  the time r e -  
quired to i n s e r t t h e  detector  and then removed in less than 0.01 sec ,  the r is ing par t  of the q =f(T) curve 
vanished, and the heat flux was constant f rom the f i r s t  value. 

If the apparatus was turned on with the detector  a lready in place,  the heat flux "followed" the change in 
the p r e s s u r e ,  which was not established instantaneously,  according to measurements  of the p re s su re  in the 
discharge chamber  (Fig. 3). This relat ionship was found not only in the initial stage of the heating but also 
upon the appearance of p r e s s u r e  fluctuations in the s teady-s ta te  flow of the p lasma jet (Fig. 4). The s train 
gauge used as a p r e s s u r e  gauge in these experiments  was capable of measur ing  the p res su re  at a frequency 
of 200 Hz. Accordingly,  in severa l  cases  the change in the heat flux can be attr ibuted to a change in the s tag-  
nation p r e s s u r e .  

To compare  the heat fluxes under steady and unsteady conditions, we ca r r i ed  out experiments  in which 
we measured  q while the heat-flux detector  was moved along the p lasma jet.  We f i rs t  used the exponential 
method to measure  the s teady-s ta te  heat fluxes at various distances f rom the end of the nozzle.  The heat 
fluxes were found to fall off with increas ing  distance f rom the nozzle;  the change in the s teady-s ta te  heat flux 
during the motion of the detector  was 2 kW/cm 2, while the velocity was 1.6 m / s e c .  F rom these values we 
conclude that there  was a change in the heat flux to the detec tor  at a rate of about 55 (kW/cm2)/sec.  This 
change was due to changes in the enthalpy, the p r e s s u r e ,  and the velocity gradient near  the stagnation point 
along the jet. 

Measurements  of the heat flux with this detec tor  under these conditions of unsteady heat fluxes showed 
that the heat fluxes found under steady and unsteady conditions agree well. Accordingly,  the p rocesses  leading 
to the res t ruc tu r ing  of the boundary layer  do not substantially affect the measurements  of the heat fluxes for  the 
ra tes  of change of the external  conditions prevail ing in the present  experiments .  
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D I F F E R E N T I A L  F O R M  O F  T H E  U N I V E R S A L  E Q U A T I O N  

O F  T H E  L A M I N A R  B O U N D A R Y  L A Y E R  

N. G. Khislavskaya UDC 532.526.2 

We propose  a new approach  to composing a un iversa l  equation of the l amina r  boundary l aye r  
in genera l i zed  s imi l a r i t y  va r i ab l e s .  

w The wide use of electronic digital ealeulators has greatly reduced interest in approximate methods of; of 
computation. However, the problem of establishing general rules to describe the effect of factors external to 
the boundary layer (such as the velocity distribution at the outer boundary, blowing or suction veloeities, 
body surfaee temperatures, external magnetic field stresses,etc.) on terminal characteristics (friction stress, 
heat-transfer eoeffieient, flow separation location, etc.) continues to be one of praetical and fundamental signif- 
icance. These rules express general tendencies of various proeesses such as flow drag, heat transfer, and 
related motions in boundary layers. 

The "generalized similarity method, " proposed in [i] by Loitsyanskii, makes it possible to examine 
broad classes of problems of boundary-layer theory by transforming the boundary-layer equation to a "uni- 
versal" generalized-similarity form requiring only a single numerical integration. The resulting tables of 
solutions, prepared once and for all, express general rules and relationships among the basic eharacteristies 
of the boundary layer. 

w In i ts  init ial  f o r m  the genera l i zed  s imi l a r i t y  method was f i r s t  published in [1]. I ts  dist inguishing 
fea ture  was that i ts  basic  un ive r sa l  equation was of in tegrodi f ferent ia l  f o r m , i n  which di f ferent ia l  and in tegra l  
functionals of the unknown solution were  p r e sen t .  In the r a t h e r  s imple  cases  t r ea t ed  in that  pape r  only minor  
compl ica t ions  were  encountered in numer ica l ly  in tegra t ing the fundamental  equation. Resul ts  of the i n t eg ra -  
tion and a cor responding  bibl iography can be found in [2]. 

The a t tempt  to apply the method to m o r e  involved ca se s  (nonstationary boundary l aye r ,  je ts  and wakes 
in a r b i t r a r y  p r e s s u r e  f ie lds ,  e tc . )  showed that  by reducing the un ive r sa l  equations to pure ly  d i f ferent ia l  f o r m  
one could, in spi te  of the introduct ion the reby  of an i n c r e a s e  in the number  of independent v a r i a b l e s ,  s ignif i -  
cantly s impl i fy  the f o r m  of the un ive r sa l  equation and aid in effecting the f i r s t  s tage of the method,  namely ,  
that  of der iving gene ra l  ru l e s .  In the p re sen t  pape r  we develop the basic  notion involved in the t rans i t ion  of 
the un ive r sa l  equation f r o m  an in tegrodi f ferent ia l  f o r m  to one of pure ly  d i f ferent ia l  f o rm ,  and we apply it to a 
phys ica l ly  r ea l i s t i c  and sufficiently gene ra l  example  of a two-d imens iona l  h igh-speed  boundary l ayer  in a 
homogeneous i ncom pres s i b l e  fluid; genera l iza t ion  of the notion to m o r e  involved motions is then per fec t ly  
s t r a igh t fo rward .  

w As a d i r ec t  substi tut ion of an affinely s im i l a r  f o r m  of the s t r e a m  function ~ = U5~l(y/5 ) into the 
gene ra l  Prandt l  equation r e v e a l s ,  the re  appea r s  in the equation a pa r t i eu l a r  pa i r  of conjugate p a r a m e t e r s :  
f l  = U ' z ,  J~ = Uz '  which a re  explici t  functions of x [U(x) is the speed at the outer  edge of the boundary layer ;  
z = 52/ , ;  5 is a conditional " th ickness"  of the boundary layer ;  and the p r i m e s  indicate different ia t ion with 
r e s p e c t  to x], thereby  violating the universa l i ty  of the new fo rm of the equation. Introduction of these  p a r a m -  
e t e r s  into a number  of the independent [by v i r tue  of the a r b i t r a r i n e s s  of U(x)] v a r i a b l e s ,  i . e . ,  a t rans i t ion  
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