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The b e h a v i o r  of the e igenva lue  s p e c t r u m  in the g e n e r a l  c a se  of flow in a p l a n e - p a r a l l e l  channel  for 
Reynolds  n u m b e r  R was s tudied in p a p e r  [1}. The d i r ec t  n u m e r i c a l  c a l c u l a t i on  of the s p e c t r u m  of 
p e r t u r b a t i o n s  for p lane  Couet te  and P o i s u i l i e  flow, c a r r i e d  out in [2-4],  c o v e r s  a c o m p a r a t i v e l y  wide 
of v a r i a t i o n  of R, but was p e r f o r m e d  for fixed va lues  of the wave n u m b e r  o~ in a f a i r l y  n a r r o w  range .  

The p r e s e n t  p a p e r  s tud ies  the e igenva lue  s p e c t r u m  as a funct ion of the wave n u m b e r  over  i ts  whole 

of v a r i a t i o n  for the ca se  of p l ane  Couet te  flow. 

The p r o b l e m  r e d u c e s  to f inding the e igenva lues  of the equat ion  

~ V I  __ 2a2T,,  + a~l~ = iaR (y  - -  C) ((p " - -  a2(p) 

- -  i ~ v ~  i, ,~' (J:  i )  =~(::1: l ) =  o 
(1) 

Here  q~(y) is the complex  ampl i t ude  of the s t r e a m  funct ion of the p e r t u r b e d  mot ion ,  C = X + iY is the 
r e q u i r e d  e igenva tue ,  the p h y s i c a l  m e a n i n g  of X is the phase  ve loc i ty ,  while the case  Y < 0 c o r r e s p o n d s  to 

a damping  of the p e r t u r b a t i o n .  

For  s m a l l  va lues  of a the b e h a v i o r  of the e igenva lue  s p e c t r u m  can be d e s c r i b e d  by the funct ions  

Xk=O, Y k = - - ~ / a R ,  k=~ i , 2 ,3  . . . . .  (2) 

He re  fik a r e  n u m b e r e d  in  i n c r e a s i n g  o r d e r  of the modulus  of the roots  of the equa t ion  

(6 tg ~ + a th a) (a tg ~ -- ~ th a) = 0 . (3) 

For  la rge  a the fol lowing a sympto t i c  funct ion is s a t i s f i ed  for all  the s p e c t r a l  n u m b e r s  

Y~ = --a / R, k = i, 2, 3 ..... . (4) 
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Thus  the p a r t  p l a y e d  b y  d i r e c t  n u m e r i c a l  c a l c u l a t i o n  is  r e d u c e d  to f i l l ing  in the "gaps"  be tw e en  r e -  

g ions  w h e r e  the  func t ions  (2) and (4) a r e  va l id .  The c a l c u l a t i o n s  w e r e  c a r r i e d  out on a BESM-6  d ig i t a l  
c o m p u t e r  u s ing  a method  of s t e p w i s e  i n t e g r a t i o n  [5], m o d i f i e d  fo r  a s y m m e t r i c  v e l o c i t y  p r o f i l e s .  

The func t ions  Yk((~) a r e  g iven  in Fig.  1 for  R = 104, k = 1, . . , ,  8. L ine  9 c o r r e s p o n d s  to funct ion  (4). 
The d i s p o s i t i o n  of  the  e i g e n v a l u e s  in the  c o m p l e x  p l a n e  C = X + iY is shown in F ig .  2 for  v a r i a b l e  ~.  The 

l ine  X = 0 is  an ax i s  of s y m m e t r y .  

In a c c o r d a n c e  with g e n e r a l  l aws  [1] the  p e r t u r b a t i o n s  a r e  d a m p e d  for  s m a l l  (~, r e m a i n i n g  monoton ic  
(X = 0). The e i g e n v a l u e s  exh ib i t  m u l t i p l i c i t y  p o i n t s  for  c e r t a i n  v a l u e s  of  (~, a f t e r  which the p e r t u r b a t i o n s  
beg in  to have a w a v e - l i k e  c h a r a c t e r ,  whi le  a p a i r  of waves  a r i s e s  s i m i l a r  in d a m p i n g  Y and p h a s e  v e l o c i t y  
IX~, but  t r a v e l l i n g  in oppos i t e  d i r e c t i o n s .  Each  of t h e s e  waves  p r o p a g a t e s  in i t s  own half  of the s t r e a m  s i n c e  
the  e igen func t i on  is  u s u a l l y  n o n z e r o  on ly  in a s m a l l  n e i g h b o r h o o d  of the  po in t  Yc = X. 

H o w e v e r ,  the  s p e c t r a l  s t r u c t u r e  is  m o r e  c o m p l i c a t e d  h e r e  than  in the  c a s e s  c o n s i d e r e d  in p a p e r s  
[2--4], and new i n t e r e s t i n g  e f f e c t s  a p p e a r ,  a s s o c i a t e d  with the  m u l t i p l i c i t y  po in t s .  A f t e r  the m u l t i p l i c i t y  
po in t  of the  s e c o n d  and t h i r d  e i g e n v a l u e s  for  (~ = 0.0038, ]X~ at f i r s t  i n c r e a s e s  for  the  wave p a i r  as  c~ i n -  
c r e a s e s ,  but  s u b s e q u e n t l y  d e c r e a s e s  aga in  to z e r o  f o r  e~ = 0.0057, whe re  the  s econd  and t h i r d  e i g e n v a l u e s  
aga in  have a m u l t i p l i c i t y  po in t ,  s u b s e q u e n t l y  s e p a r a t e  and b e c o m e  p u r e l y  i m a g i n a r y .  As c~ i n c r e a s e s  s t i l l  
f u r t h e r  Y3 d e c r e a s e s  unt i l  the  t h i r d  e igenva lue  has  a m u l t i p l i c i t y  po in t  with the fou r th  (which is p u r e l y  
i m a g i n a r y  up to th i s  point)  for  a = 0.006,  and s u b s e q u e n t l y  f o r m s  a c o m p l e x  con juga te  p a i r  of d e c r e m e n t s  
iCk (k = 3, 4). Somewhat  l a t e r  for  a = 0.008 t h e r e  is  a con f luence  of the  s econd  and f i r s t  e i g e n v a l u e s ,  a f t e r  

which a c o m p l e x  con juga te  p a i r  is f o r m e d  iCk (k = 1, 2). 

Th i s  se t  of fou r  e i g e n v a l u e s  does  not  su f fe r  any f u r t h e r  i n t e r c h a n g e s .  F o r  a l l  k, iX~k i n c r e a s e  and 
tend  to u n i t y  for  (~ ~ oo, i . e . ,  the  p e r t u r b a t i o n s  a r e  l o c a l i z e d  at the  wa l l s .  The quan t i t i e s  Y1,2 and Y3,4 a l so  
i n c r e a s e ,  a t t a i n  t h e i r  m a x i m u m  v a l u e s  0.021 and 0.033 for  cz equa l  to 59 and 105 r e s p e c t i v e l y .  They  then  
d e c r e a s e  and end up as  the  a s y m p t o t i c  funct ion (4). 

The s e c o n d  se t  of four  e i g e n v a l u e s  k = 5, 6, 7, 8 b e h a v e s  in a s i m i l a r  m a n n e r .  It is  c h a r a c t e r i s t i c  
that  if we o b s e r v e  the  i n t e r s e c t i o n  of the  func t ions  Yk(c~) for  v a r i o u s  k and i n t e r m e d i a t e  va lues  of  (~, the 
d e c r e m e n t s  once aga in  r e a r r a n g e  t h e m s e l v e s  in the  s a m e  o r d e r  as  for  s m a l l  (~ when we a p p r o a c h  the  
a s y m p t o t i c  func t ion  (4). It is c l e a r  f r o m  Fig .  2 tha t  the po in t s  whe re  Y r e a c h e s  i ts  g r e a t e s t  va lue  for  a l l  
s p e e t r a l n u m b e r s k ,  l ie  in the n e i g h b o r h o o d  of C = +1. C a l c u l a t i o n s  show that  the po in t s  C = ~=1 a r e  l i m i t i n g  
po in t s  for  the e i g e n v a l u e s  when c~ and k a r e  a r b i t r a r y  f ixed va lue s  and R ~ ~ .  
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