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Th i s  a r t i c l e  expounds  a me thod  f o r  p r e d i c t i n g  s t a b i l i t y ,  u s i n g  the  f r e q u e n c y  c h a r a c t e r i s t i c s  of  the  
f u e l - f e e d i n g  s y s t e m  o r  the s t r u c t u r e  o f  the  c e n t r a l  c o r e ,  fo r  un i t s  wi th  a c o n i c a l  c o m b u s t i o n  s u r f a c e .  It i s  
p r o p o s e d  to f ind t h e s e  c h a r a c t e r i s t i c s  e x p e r i m e n t a l l y  wi thout  ign i t ion  of  the  fuel .  

S c h e m e s  a r e  known in which  r e g u l a t i o n  of the  g a s  c o m i n g  f r o m  the s o l i d  fuel  i s  a c h i e v e d  by  a change  
in i t s  s u r f a c e .  To t h i s  end,  in the  fuel  t h e r e  i s  p l a c e d  a th in  (in c o m p a r i s o n  wi th  the  r a d i u s  R of the  c h a m -  
be r )  c o r e ,  whose  c o n s t r u c t i o n  e n s u r e s  the  p r o p a g a t i o n  of  the  f l a m e  a long  it a t  a v e l o c i t y  v 1 e x c e e d i n g  the  
n o r m a l  v e l o c i t y  of the  c o m b u s t i o n ,  v. Unde r  t h e s e  c i r c u m s t a n c e s ,  the  s u r f a c e  of the  fuel  b e c o m e s  con ica l ,  
wi th  an a p e x  at  the  end of the  c e n t r a l  c o r e  (F ig .  l a ) .  ff a s y s t e m  of  c o r e s  i s  u s e d ,  R d e n o t e s  the  h a l f -  
d i s t a n c e  be tween  a d j a c e n t  c o r e s .  A c o n i c a l  s u r f a c e  can  a l s o  be ob t a ined  wi th  the  ign i t ion  of a p a s t e - f o r m  
fuel  e x t r u d e d  at  a v e l o c i t y  v 1 f r o m  c h a n n e l s  of r a d i u s  R having  l u b r i c a t e d  w a l l s  ([4], s ee  F ig .  lb ) .  

In [5] t h e r e  w a s  e v i d e n t l y  c o n s i d e r e d  fo r  the  f i r s t  t i m e  the  p o s s i b i l i t y  of  a u t o o s c l l l a t i o n s  c o n n e c t e d  
with  d i s t o r t i o n  of the  c o n i c a l  s u r f a c e  of a s o l i d  fuel ,  wi th  i t s  c o m b u s t i o n  in a s e m i c l o s e d  v o l u m e .  The  
p e r i o d  t o of such  o s c i l l a t i o n s  i s  on the  o r d e r  of  R/v~ Since  d e v i c e s  a r e  u s e d  wi th  a v a l u e  of R f r o m  a few 
m i l l i m e t e r s  up to  s e v e r a l  c e n t i m e t e r s ,  and v ~ 1 c m / s e c ,  t o ~ 10 -1 sec .  Th i s ,  a s  a r u l e ,  i s  much g r e a t e r  
than  the  c h a r a c t e r i s t i c  c o m b u s t i o n  t i m e  t 1 of the  hea t ed  l a y e r  (10-3-10 -2 sec) .  The r a d i u s  of  c u r v a t u r e  of 
the  s u r f a c e  wi th  o s c i l l a t i o n s  ( ~ R) and the  t h i c k n e s s  of  the  h e a t e d  l a y e r ,  A x  ~ 0o01 cm,  a r e  in the  s a m e  
r a t i o .  Consequen t ly ,  i t  i s  p o s s i b l e  to u se  the  d e p e n d e n c e  of the  n o r m a l  c o m b u s t i o n  v e l o c i t y  on the p r e s s u r e  
v(p),  ob t a ined  u n d e r  s t e a d y - s t a t e  cond i t i ons  wi th  the  c o m b u s t i o n  of a f l a t  s u r f a c e .  

H o w e v e r ,  the  c h a r a c t e r i s t i c  t i m e  ( t r i g g e r i n g ,  lag) of the  c o n s t r u c t i o n  of  the  c e n t r a l  c o r e  (ba sed  on 
the  s c h e m e  of F ig .  l a )  o r  of  the  f u e l - f e e d i n g  s y s t e m  (based  on the s c h e m e  of  F ig .  lb)  can  be c o m p a r a b l e  
wi th  the  t i m e  t o of the  r e o r g a n i z a t i o n  of the  s u r f a c e ,  and v~ w i l l  a s s u m e  an n u n s t e a d y - s t a t e ~  v a l u e .  Such a 
p o s s i b i l i t y  w a s  not  c o n s i d e r e d  in [5]. 

The  mot ion  of  the  b u r n i n g  s u r f a c e ,  for  s c h e m e s  a and b of  F ig .  1, r e s p e c t i v e l y ,  i s  d e s c r i b e d  by  the  

equa t i ons  

,'?z / Ot ~ v It § (Oz / Or)~-] ' '  
c:z/_ ~t = v~ -- v [~ + (Oz / ~r)~] '~ (1) 

Z 

a b 

Fig. i 

The s y s t e m  of  c o o r d i n a t e s  i s  shown on Fig .  1. The  b o u n d a r y  
cond i t i ons  fo r  (1) a r e  

r ~ O, Oz / Ot = v l ;  r ~ •, Oz / ~t = 0 (2) 

The  s t e a d y - s t a t e  so lu t ion  has  the  f o r m  

z ~ c 0 n s t  -~- v l t  - -  r [ (v  1 / v) 2 - -  1 ] ' '  (3) 
z = const -- r [(vl / u? -- i] '2 

T o  d e t e r m i n e  the  p r e s s u r e  and the  f o r m  of  the  s u r f a c e  in the  un -  
s t e a d y - s t a t e  c a s e ,  use  m u s t  be made  of  the  e q u a l i t y  of the  a r r i v a l  G+ 
and c o n s u m p t i o n  G_ of  the  g a s  

G+= G (4) 
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and the e x p r e s s i o n  f o r  the a r r i v a l  

R R 

G+ ~ i (Oz/Ot) rdr,  G+ (Vl - -  Oz/Ot) rdr 
o o 

The consumpt ion  is a s s u m e d  to be a known funct ion of the p r e s s u r e .  F r o m  (1)-(5), fo r  the e igen -  
f r equenc i e s  of  sma l l  p e r t u r b a t i o n s  (of the type  exp cot), us ing l inea r i za t ion ,  we obtain 

Here  

n 2 [t -- (i -b n) exp (-- n)l-' = [~ 

n ~ In -- t + exp (--n)1-1 = [3 

(5) 

(6) 

din v l  - -  d l n  v 

n=O)to, to=[i--(v/pl)~]-"=R/v, ~ = 2  dlnG_--clnv (7) 

Stabi l i ty  of  the  f o r m  of the s u r f a c e  with r e s p e c t  to  osc i l l a t ions  is e n s u r e d  if the  fol lowing inequal i ty  
is s a t i s f i ed  for  al l  the roo t s  of  (6): 

Re n < 0 (8) 

With /3 =/3 (p), the n u m e r i c a l  solut ion of  (6), (8) g ives  the  s tabi l i ty  condit ion 

-- 3.603 < ~ < 2 ,  ~ < 2  (9) 

In the g e n e r a l  case ,  in v iew of  the a b o v e - m e n t i o n e d  " u n s t e a d y - s t a t e  c h a r a c t e r "  of  vi,  the quant i ty  
/3 is a funct ion of  the c om pl e x  d i m e n s i o n l e s s  f r equency  n. Let  the feeding s y s t e m  o r  the cen t r a l  co re  be 
sub jec t  to  the  ac t ion  of  osc i l l a t ions  of  the p r e s s u r e  with an ampl i tude  [A p[ and of  the va r i ab l e  f r equency  
s  fo r  vl ,  the ampl i tude  ]Avl] and the phase  shift  gp a r e  wr i t t en  as  a function of  e :  

hVl = I AvI l (ap / l a p  l) exp (iT) (10) 

In what  fol lows,  t o g e t h e r  with e ,  it is  convenient  to  use the quant i ty  m = e t 0 ,  so  that ~0 = i e ,  n = i m .  
Then, f r o m  the defini t ion of  fi (7), t ak ing  account  of  (10), it fol lows that  

v = [ Alnv 1 / Alnp [ [cos(p " (Be~ / Im ~) sin(p] 

~----- Alnvl / hlnp ] [cos(p -- (sin(p) (Re~ -- i) / Irn~l (11) 
(v = dln v, dln p, v_ ~ (lln G - d l n  p) 

Sett ing n = i m  at the boundary  of the osc i l l a t iona l  ins tabi l i ty ,  and equat ing  the individual r e a l  and 
i m a g i n a r y  p a r t s ,  f r o m  (6) we obtain 

R e ~ =  m2a (a ~ -~ b~) -1, I m  ~ =  m2b (a 2 -~- b2) -1 
a ~  m s i n m - } -  c o s t a - -  i ,  b ~  s i n  m - -  m cos ra 

R e  ~ = m2c (c 2 + d~) -1, I m ~  = m~d (c ~ + d2) -1 (12) 
c =  l - - c o s t a ,  d ~  r a - -  s in  m 

Thus,  the r i gh t -hand  p a r t s  of  (11) a r e  known funct ions  of  m, which p e r m i t s  cons t ruc t i ng  the l imi t  of 
s tab i l i ty  in the f o r m  of a p a r a m e t r i c  (with the p a r a m e t e r  m) dependence  p (~_). In p r a c t i c e ,  it is a lways  
t rue  that  v_ =1, but the cons t ruc t i on  of p(v_) is  a m o r e  r e l i ab le  way  to  obtain the va lues  of  v (1) at the l imi t  
of  s tabi l i ty .  
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