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NOTE ON THE MECHANISM OF DECAY OF A J E T  INTO LARGE DROPS 

D i s c u s s i o n  of the a r t i c l e  by M. I. Vivdenko and K. N. Shabalin (Journal  of En-  
g i n e e r i n g  P h y s i c s ,  8, No. 4, 1965) 

I. Khomyak  

I n z h e n e r n o - F i z i c h e s k i i  Zhurna l ,  Vol. 10, No. 5, pp. 681-682 ,  1966 

The a r t i c l e  of Vivdenko and Shabal in gave an incon-  
gruous  p r e s e n t a t i o n  of the p r e s e n t  s t a t e  o f  knowledge 
as  r e g a r d s  ~he d e c a y  of a l iquid  j e t ,  and p r o p o s e d  an 
e r r o n e o u s  m e c h a n i s m  (due to o s c i l l a t i o n s ) ,  without  
any r e a l  foundation,  for  th is  p r o c e s s ,  a s c r i b i n g  i t  to 
Ray le igh  and c l a i m i n g  i t  to be wide ly  app l ied  at  the 
p r e s e n t  t i m e .  On this  b a s i s  the au tho r s  p r e s e n t e d  a 
new decay  m e c h a n i s m  t ak ing  account  of the "bas ic  
p r o p e r t y  of a l i q u i d - - i t s  f lu id i ty . "  Again,  P l a t e a u  [1] 
showed that  if the s u r f a c e  of  a c y l i n d e r  of l iquid of 
r a d i u s  R 0 is  d e f o r m e d  in such a way that  i t  may  be 
d e s c r i b e d  by the equat ion (or  by a s y s t e m  of equat ions  
of th is  type) 

R = Ro + ~ cos K~, (1) 

w h e r e  R is  the d i s t a n c e  of the s u r f a c e  f r o m  the axis  
in the p lane  p e r p e n d i c u l a r  to the  ax i s ,  e is  a s m a l l  
quant i ty ,  K i s  the  wave n u m b e r ,  and z is  the c o o r d i -  
na te  a long the ax i s ,  then the d e f o r m a t i o n  m a y b e  s t ab l e  
o r  uns t ab l e ,  depending  on whe the r  the p roduc t  KR 0 is  
g r e a t e r  o r  l e s s  than uni ty .  This  is  due to the fac t  that  
the s u r f a c e  of the d e f o r m e d  c y l i n d e r  of length k(k = 
= 2~/K),  g r e a t e r  than 2~rR0, i s  l e s s  than the u n d i s t u r b e d  
s u r f a c e .  B e c a u s e  of the exc i t a t ion  of  th is  kind of d i s -  
t u r b a n c e ,  p a r t  of  the po ten t i a l  e n e r g y  of  the s u r f a c e  
t en s ion  ( p r o p o r t i o n a l  to the s u r f a c e  a r e a )  is  t r a n s f o r m e d  
into k ine t i c  e n e r g y  of mot ion  of the  l iquid ,  which is  the  
c a u s e  of the i r r e v e r s i b l e  decay  of the j e t .  

The g r e a t  m e r i t  of Ray le igh  [2] was  the deve lopmen t  
of th is  phenomenon with a l l owance  for  the d y n a m i c s  
of mot ion  of the l iquid ,  and the p r o o f  that  d i s t u r b a n c e s  
with d i f f e r e n t  l eng ths  i n c r e a s e  with d i f f e r en t  v e l o c i t i e s ,  
and i t  fol lows f r o m  this  tha t  the  j e t  m u s t  decay  into 
d r o p s ,  f o r m e d  f r o m  s e c t i o n s  of the  j e t  with wavelength  
of the d i s t u r b a n c e s  tha t  a r e  i n c r e a s i n g  m o s t  r a p i d l y .  

Ana lyz ing  the i n c r e a s e  of e with t i m e ,  Ray le igh  
showed that  

. . . . .  exp (q/), (2) 

w h e r e  e 0 is  the  in i t i a l  d i s t u r b a n c e .  
F o r  a x i s y m m e t r i c  d i s t u r b a n c e s  

T KR,, I~ (KR.)  
q . . . .  [ l  - (t(R,,)-q, (3) 

,~ R~ 1,, (KRo) 

w h e r e  p is  the  dens i t y ,  T the s u r f a c e  t e n s i o n ,  and I m 
the B e s s e l  funct ion of o r d e r  m of  i m a g i n a r y  a r g u m e n t .  

I t  fo l lows f r o m  (3) tha t  q2 < 0 fo r  KR 0 > 1 and q2 > 0 
for  KR < 1. In o t h e r  w o r d s ,  the j e t  i s  u n s t a b l e  with 
r e g a r d  to d i s t u r b a n c e s  with wave leng th  g r e a t e r  than 
2~P~. 

This  i n s t ab i l i t y  does  not have an o s c i l l a t o r y  c h a r -  
a c t e r ,  but  has  the fo rm of d i s t u r b a n c e s w h i c h  grow 
with t ime ,  as  an exponent ia l  funct ion ,  at  a g iven p lace .  
F o r  KR 0 > 1 o s c i l l a t i o n s  ex i s t  in the Jet,  but they a r e  
not the  cause  of i t s  decay .  A n a l y s i s  of (3) shows that  
for  KR 0 = 0.697, q2 has a m a x i m u m .  T h e r e f o r e ,  the j e t  
m u s t  b r e a k  up into s ec t i ons  of length  2vR0/0.697 = 
- 4.51.2R0. 

T y l e r  [3] con f i rmed  the e x p e r i m e n t a l  r e s u l t s  of 
Rayle igh .  W e b e r  [4] ex tended  the Ray le igh  theory  to 
v i scous  l iqu ids .  He a l so  s tud ied  the  i n t e r a c t i o n  b e -  
tween the e x t e r n a l  flow and j e t  decay .  The p r o b l e m  of 
the decay  of a j e t  of l iquid was again  t r e a t e d  in the 
monographs  of Levich  [5] and C h a n d r a s e k h a r  [6]. The 
l a t t e r  a l so  worked  on the p r o b l e m  of the s t ab i l i t y  of 
e l e c t r i c a l l y  conduct ing j e t s  in a magne t i c  f ie ld .  What 
Vivdenko and Shabal in  r e p r e s e n t  as  new is  s t a t ed  in 
a l l  the ex i s t i ng  t h e o r i e s .  Even the second  a r g u m e n t  
of the above au tho r s  that  the  s o u r c e  of the in i t i a l  
d i s t u r b a n c e s  in the  j e t  i s  "ma in ly  the end of the j e t ,  
w h e r e  d rop  b r e a k a w a y  o c c u r s , "  f a i l s  to s tand  c r i t i -  
c i s m .  

F o r  the end of the j e t  to be ab le  to inf luence  i t s  
decay ,  i t  is  n e c e s s a r y  that  d i s t u r b a n c e s  f rom the end 
be ab le  to move  u p s t r e a m  to the beginning  of  the j e t .  

The ve loc i ty  of p ropaga t i on  of  d i s t u r b a n c e s  in the 
j e t  may  be d e t e r m i n e d  with the  a id  of the r e l a t i o n  

v = - / - q  ~. (4) 
2~z i 

T h e r e f o r e ,  as  a funct ion of wavelength  

(5) 

It fo l lows f r o m  th is  f o r m u l a  that  only d i s t u r b a n c e s  
with wavelength  k < 2~R 0 may  move a long a c y l i n d r i c a l  
j e t .  D i s t u r b a n c e s  of th is  type ,  however ,  a r e  not  the 
cause  of decay ,  as  has  a l r e a d y  been  shown. When 
X = 2~R 0 (the l i m i t i n g  c a s e  of a s t ab le  je t ) ,  the v e l o c -  
i ty of  p r o p a g a t i o n  of  d i s t u r b a n c e s  in the j e t  i s  equal  
to ze ro ,  whi le  when k > 2~R 0 (decay  of the  je t ) ,  the 
ve loc i ty  b e c o m e s  i m a g i n a r y .  Thus,  the l a t t e r  c a s e  has  
nothing in c o m m o n  with waves  in the full s e n s e  of the 
word ,  s ince  the d i s t u r b a n c e s  have no s e l f - m o t i o n ,  and 

only move a long with the j e t  l ike  a wave.  In o the r  
w o r d s ,  the d i s t u r b a n c e s  caus ing  decay  cannot  move  
f r o m  the end to the beginning  of the s y s t e m ,  and i t  is  
i m p o s s i b l e  to a s s e r t  tha t  the end of the j e t  has  any 
kind of inf luence  on i t s  decay .  
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