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The physical  nature of the high-frequency instability (HFI) of the combustion p rocess  in liquid fuel 
rocket engines (LRE) has not been, so far,  fully revealed [1, 2], and HFI remains  a complex scientific and 
technical problem.  

Combustion instability in LRE is undoubtedly related to the general  principle of Rayleigh, which 
states that acoustic waves are  intensified when the heat re lease  and p r e s s u r e  variations are in phase. 
Similar phenomena occur  in gases behind the detonation wave front, where the existence of various t r a n s -  
verse  waves was exper imental ly  disclosed. The instability of a plane detonation front has been theore t ica l -  
ly proved [ 3-5]. 

Elucidation of the nature of HFI is of considerable  interest  because of its effect on the design of 
[rocket] engines, which may culminate in the destruct ion of nozzles and the burn-out  of the combustion 
chamber  walls. 

The analysis  of the so far known resul ts  of experimental  investigations of HFI and of the method of 
its art if icial  induction [6-8] leads to the conclusion that this phenomenon is essent ial ly  caused by the on- 
set of t r ansve r se  detonation waves, not unlike those observed in spivming detonation. 

Let us note a few basic facts related to the effect of HFI on the combustion chamber ,  as well as to 
the nature of the phenomenon itself. 

1) Damage to the combustion chamber  is localized at its per iphery  and close to the nozzle head. 

2) The observed damage indicates a considerable tempera ture  and p r e s s u r e  r i se  in the nozzle head 

2 

Fig. 1 

b 

2ggP 

neighborhood, and appears to be directional.  

3) Frequency of the fundamental harmonic of 
oscil lat ions is the same as that of tangential acous-  
tic oscil lat ions of combustion products.  

4) Overloading of a [combustion] chamber  r e -  
suits in an increase of frequency of the HFI. The 
frequencies thus generated correspond to higher 
harmonics  of oscil lation, and the consequence of this 
is the spreading of destruct ion to the row of nozzles 
close to the chamber  center  line. 

5) According to [6-8] the glow in a HFI wave 
has the shape of a line extending along the combus-  
tion chamber  generatr ix  with its maximum intensity 
in the nozzle proximity.  
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T A B L E  1 
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6) A l a t e r a l  s h o c k  of ten t r i g g e r s  the o n s e t  of HFI  in c o m b u s t i o n  c h a m b e r s  whose  o p e r a t i o n  u n d e r  
n o r m a l  cond i t i ons  is  s t a b l e  [6-8] .  

C o m p a r i s o n  of t h e s e  p h e n o m e n a  with  t hose  o b s e r v e d  in sp inn ing  de tona t ion  shows t h e m  to be in many  
r e s p e c t s  s i m i l a r .  

A r e g i o n  of v e r y  high t e m p e r a t u r e  and p r e s s u r e  - a t r a n s v e r s e  wave - l o c a l i z e d  in the  ne ighbo rhood  
of a de tona t ion  tube  wal l ,  is known to e x i s t  in sp inn ing  de tona t ion .  The r o t a t i o n  f r e q u e n c y  of the  sp inn ing  
[de tonat ion]  head is the  s a m e  as  tha t  of  t a n g e n t i a l  a c o u s t i c  o s c i l l a t i o n s  [3, 4]. 

O v e r l o a d i n g  of a c o m b u s t i o n  c h a m b e r  by  i n c r e a s i n g  the fue l  a t o m i z a t i o n ,  r a t e  of supp ly ,  e tc .  is  
t an t amoun t  to m o v i n g  away  f r o m  l i m i t  c o n d i t i o n s .  With d e t o n a t i o n  in gas  the  t r a n s v e r s e  waves  beg in  to 
move  u n d e r  such  cond i t i ons  th roughout  the tube c r o s s  s e c t i o n  with  o s c i l l a t i o n s  o c c u r r i n g  at  h ighe r  h a r -  
m o n i c s  of the f r equency .  

An a c o u s t i c  t r a i l ,  e x t e n d i n g  a long  the  de tona t ion  tube  g e n e r a t r i x ,  a p p e a r s  u n d e r  cond i t ions  of s p i n -  
ning de tona t ion  with  the  h ighes t  i n t e n s i t y  of glow c l o s e  to the  sp in  head.  

The f u n d a m e n t a l  d i f f e r e n c e  b e t w e e n  a HFI  and a sp in  is  in that  in a LRE t h e r e  is  no p r i m a r y  f ront  
f o r w a r d  of the  t r a n s v e r s e  wave.  P r e s s u r e s  in a c o m b u s t i o n  c h a m b e r ,  m e a s u r e d  at d i s t a n c e s  f r o m  the 
n o z z l e s  a p p r o x i m a t e l y  c o r r e s p o n d i n g  to the  zone of m i l d l y  f a l l i ng  p r e s s u r e  in the  t r a i l  ( see  Fig .  l b ) ,  e x -  
c e e d , . i n  the  a b s e n c e  of HFI ,  the  m e a n  p r e s s u r e  in the  ne ighbo rhood  of n o z z l e s  by  a f a c t o r  of  2 -3 ,  whi le  in 
a sp in  t h e s e  p r e s s u r e s  r e a c h  20-30  P0. 

Th i s  d i f f e r e n c e  i s ,  h o w e v e r ,  only  a p p a r e n t .  The po in t  is tha t  the  c ond i t i ons  in  a sp in  and those  in a 
c o m b u s t i o n  c h a m b e r  e n s u r i n g  a v i r t u a l l y  i n s t a n t a n e o u s  c h e m i c a l  r e a c t i o n  beh ind  the t r a n s v e r s e  wave 
( cu rve  1), a r e  r e a c h e d  in a d i f f e r e n t  way. In the  f i r s t  c a s e  t h e s e  a r e  g e n e r a t e d  by  the p r i m a r y  shock  f ron t  
P F  (cu rve  2), which i n c r e a s e s  the  in i t i a l  m i x t u r e  t e m p e r a t u r e  to a p p r o x i m a t e l y  1150 ~ K and the p r e s s u r e  
to 20 P0. In the  s e c o n d ,  t h e s e  cond i t i ons  ob ta in  without  p r e l i m i n a r y  c o m p r e s s i o n ,  s i n c e  in the  r e g i o n  c l o s e  
to the n o z z l e s  t e m p e r a t u r e s  of the o r d e r  of 1200 ~ K a r e  r e a c h e d  in the p r e s e n c e  of unbu rn t  m i x t u r e .  Thus  
the cond i t i ons  c r e a t e d  in p r o x i m i t y  of n o z z l e s  of a LRE a r e  the  s a m e  as  t h o s e  behind  the f o r w a r d  f ron t  of 
a sp inn ing  de tona t ion .  If in the l a t t e r  c a s e  the  s t a t e  beh ind  the  p r i m a r y  f ront  is  t a k e n  as  the  i n i t i a l ,  p r e s -  
s u r e s  in the  c o n s i d e r e d  r e g i o n  of the  t r a i l  ( cu rve  3) b e c o m e  the s a m e  as  in a LRE in cond i t i ons  of HFI.  

One of the  a u t h o r s  had a l r e a d y  po in t ed  out [9-11] the  f e a s i b i l i t y  of  a p r o c e s s  in which  c o m b u s t i o n  
would be  p r o d u c e d  b y  t r a n s v e r s e  w a v e s ,  p r o v i d e d  the gas  is  fed t h rough  a p l a n e  [wall] with a l a r g e  n u m -  
b e r  of  ho les ,  it c a n  be  s een  tha t  e x a c t l y  such  cond[ t tons  ob t a in  in [combus t ion]  c h a m b e r s  of LRE with a 
l a r g e  n u m b e r  of n o z z l e s  f i t t ed  to the  [ c h a m b e r ]  e n d - w a l l .  P r e h e a t i n g  of  the in i t i a l  m i x t u r e  which o c c u r s  in 
t h e s e  c h a m b e r s  e n s u r e s  s h o r t  ign i t ion  a r r e s t s  even  a f t e r  a s ing le  c o m p r e s s i o n .  

The above  c o n s i d e r a t i o n s  p e r m i t  to conc lude  tha t  the HFI  is  a sp inn ing  de tona t ion  o c c u r r i n g  in the  
s p e c i f i c  cond i t ions  of a LRE c o m b u s t i o n  c h a m b e r .  It is  i n t e r e s t i n g  to note in th i s  con tex t  tha t  LRE u n d e r  
d e v e l o p m e n t  in the  USA (see  T a b l e  1) a r e  b e i n g  f i t ted  with s p e c i a l  quench ing  d e v i c e s  in the  shape  of d e -  
f l e c t o r s ,  p a r t i t i o n s ,  c r o s s - m e m b e r s ,  e t c .  for  the  p u r p o s e  of p r e v e n t i n g  the o c c u r r e n c e  of HFI .  

The o p t i m u m  d i m e n s i o n s  of such  p a r t i t i o n s  a r e  u n d e r g o i n g  d e v e l o p m e n t  on s p e c i a l l y  equ ipped  r i g s  
fo r  a r t i f i c a l l y  induc ing  HFI  by  m e a n s  of t a n g e n t i a l  shock  i m p u l s e s  i n t r o d u c e d  into the  c o m b u s t i o n  c h a m b e r  

[ 6 -8 ] .  

The f i t t ing  of r a d i a l  f ins  of a p a r t i c u l a r  height  in a de tona t ion  tube r e s u l t s  in the  c o l l a p s e  of  s p i n -  
n ing  de tona t i on .  The s e l e c t i o n  of  e f f e c t i v e  m e a n s  for  the  s u p p r e s s i o n  of HFI  and i t s  e f f e c t s  mus t  o b -  
v i o u s l y  t ake  into c o n s i d e r a t i o n  the  r e l a t i o n s h i p s  o b s e r v a b l e  in de tona t ion  in g a s e s  and,  in p a r t i c u l a r ,  t a k e  
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into account the existence in which shock pressures may exceed the mean pressure in the proximity of the 
nozzle head by a factor of at least 7-8. This relation follows from the comparison of pressures forward 

and behind the transverse wave in a spinning detonation. 

The most effective means [of combating HFI] would apparently be the use of transverse waves for 
[improving the] burning of fuel. It could ensure a more complete combustion in chambers of reduced di- 
mensions, since the shock waves produce further atomization of [fuel] droplets and reduce ignition arrests. 
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