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A quas i - s teady-s ta te  descript ion of p rocesses  in the gaseous phase is used in most  theore t i -  
cal studies on determining the acoustic admittance of the burning surface  of a condensed sys -  
tem {e.g. [1-6]), so that the resul ts  obtained can be used for  interpreting experimental  r e -  
sults on acoustic combustion instability at frequencies less than 104 Hz. An examination of 
the interaction of weak harmonic compress ion  waves possess ing  a combustion zone, taking 
into account gaseous-phase  t ime delay, valid up to frequencies  of 104-105 Hz, was conducted 
using different models of the combustion zone in [7-9]. In this work a calculation of the acous-  
tic admittance of the burning surface of a condensed system, taking into account gaseous-  
phase t ime delay, is per formedwi th in the  f ramework  of a two-zone model of combustion s imi la r  
to the model of [7]. The variabi l i ty of the combustion t empera tu re  under non-s teady-s ta te  
conditions, the dependence of the completeness  of combustion on p ressure ,  andthe formation of 
entropy waves when the compress ion  waves interact with the combustion zone is borne in mind 
in formulating the fundamental equations. 

1. S t a t e m e n t  o f  t h e  P r o b l e m .  M o d e l  o f  t h e  

C o m b u s t i o n  Z o n e  

The extent of the combustion zone even at gas-vibrat ion frequencies  reaching 105 Hz amounts to a 
smal l  f ract ion of the length of an acoustic wave in gaseotis combustion products.  This zone may therefore  
be considered to be infinitely thin, coinciding with the surface  of the condensed system,  in analyzing the 
acoustic proper t ies  of a burning surface,  and its acoustic proper t ies  can be descr ibed by the magnitude of 
the acoustic admittance 

= -- p,e.6u, / 6p (1.1) 

where 611, is the range of variat ion of the discharge velocity of the gaseous combflstion products  f rom the 
combustion zone under the effect of harmonic compress ive  disturbances with amplitude 6p, p, is the den- 
sity of the combustion products,  and c. is the sonic speed in the combustion products.  

The calculation of the acoustic admittance of a burning surface  reduces to determining [ f rom the 
l inearized equations that descr ibe  the recons t ruc t ion  of p r o c e s s e s  in the combustion zone as the p r e s s u r e  
var ies .  In solving this problem it is necessa ry  to consider  the combustion zone as extended and to make 
concre te  assumptions regarding its s t ructure .  

A one-dimensional  model  of the combustion of a homogeneous condensed sys tem is examined. It is 
assumed that the combustion zone has the s t ruc ture  schematical ly  depicted in Fig. 1. A coordinate sys tem 
bound to the condensed-phase surface,  which passes  through the point x= 0, is selected for  writing the equa- 
tions. The k phase (regions 1 and 2) is homogeneous and is charac ter ized  by a constant density Pl, heat 
capacity cl, and coefficient of thermal conductivity ~'1. A chemical  reaction, which leads to gasification of 
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the k phase, occurs  in the shallow surface  layer  xi< x< 0 (re- 
gion 2). It is assumed that heat re lease  in the k phase, under 
both steady and nonsteady conditions, maintains a constant value 
equal to Q1. Chemical reactions do not occur  in the preheating 
zone of the k phase, - ~  < x< x i. The initial tempera ture  of the 
k phase is To, andthe  sur face  t empera tu re  is T s. The t empera-  
ture  gradients  on the boundaries of the region 2 in the k phase 
are, respectively,  

(dT / dx)~:~ --~ (p~and(dT / dx)~:=o -~ % 

The region 0< x (  x.  (region 3) is the preheating zone G[ the 
gasif ication products.  It is assumed that the extent of the r eac -  
tion zone in the gas is smal l  in compar ison to the dimensions of 
the preheating zone, since exothermic chemical  react ions in the 
gas proceed in an infinitely thin region near  the plane x. ,  which 
is the f lame front in the gas. 

The magnitude of heat r e lease  in the gaseous - reac t ion  zone 
Q2 is assumed to depend on p ressu re .  The region x > x. (region 
4) is filled with gaseous combustion products  heated to the com-  
bustion t empera tu re  T . .  

The instability of p rocesses  in each of these regions of the 
combustion zone can be charac te r ized  by t ransient  periods which, 
for  the regions 1-4, are, respectively,  ~1 ~ 0.3 �9 10 -3 sec, ~'2 ~ 
7 �9 10 -G sec, "r 3 ~ 2 �9 10 -5 sec, and ~'4 ~ 10-s sec, using approximate 
es t imates  [10]. It is evident that the instability of p rocesses  in 
the preheating zone in the gas must  be taken into account for 
acoustic oscil lations with frequencies  up to 104-105 Hz. 

2.  E q u a t i o n s  in  t h e  P r e h e a t i n g  

G a s  Z o n e  

The equations of mass ,  momentum, and energy conserva-  
tion have the fo rm 

Opf' / Ot if- Om" / 0x = 0 (2.1) 

au~' / Ot + u~'Ou~' / 0x = -- (t / p~')(0p' / Ox) (2.2) 

'T ' I os' u ' o~' ~ o [~ OT~" 
P~ ~ l--~f'--}- ~ O z ] - - - ~ - x \ , ~ ] - - - - - O  (2.3) 

in the preheating region of the gaseous decomposition products  of the k phase f rom T s '  to T. ' between the 
sur face  of the k phase (x= 0) and the f lame front (x=x.) .  

Values that a re  t ime dependent a re  denoted by p r imes  here; Pf', T2', u~, and s '  a r e  the density, t em-  
pera ture ,  velocity, and entropy of the gas; p' is p r e s su re  ; and m'  =P2'u2' is the mass  velocity. The heat 
capacit ies Cp and Cv and the coefficient of thermal  conductivity ~. 2 of the gasification products  a re  assumed 
to be constant. The thermodynamic charac te r i s t i c s  of the gasif icat ion products  satisfy the equation of s tate  
of an ideal gas: 

p '  = (R~-I)P~'T~" (2.4) 

where R is the universal  gas  constant, and # is the molecular  weight. 

Under steady conditions it follows f rom (2.1)-(2.3) that 

drn / dx ~- 0, rn ---- p~u~ = const (2.5) 
du~ i 

u~ ~ + -~- d-~ = 0 (2.6) 

T ds d iX dT~ p~u2 ~-~'~ - - " ~  2"-~--x ] = 0 (2.7) 

Eq. (2.6) is t r ans fo rmed  into the fo rm 
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d m p F d in ~, l - '  ~" ~P P (2.8) 
dx L T J  = - -  T c'7~-' ~" = c--;-' cz~= T'-~z 

It is always t rue  that u22/c22<<1 (usually u 2 /c2~  10 -3) fo r  the combustion of condensed sys tems,  so that 
we have f rom (2.8) 

din p / d x ~  dln us / dx (2.9) 

Using the relat ionship 

d-'~ = \ Y i ~  /p ~ ' \ ap / r ,  ~ - "l'2 d~ p,r~ d~ 

we may write,  by taking (2.9) into account, 

d ~2 mcp = 0 

instead of (2.7). 

The boundary conditions for  Eq. (2.10) on the k-phase sur face  (x= 0) have the fo rm 

dT~ 
T~ (0) = r , ,  X~. ~ ~ = mcpr,  - -  mclTo -- mQ1 

(2.10) 

(2.11) 

We obtain, f rom (2.10) and (2.11) for  the t em p e ra tu r e  distr ibution in the heated gas layers ,  

clT~ Q---------L ( c ' T ~  T2 (x) = cv t -  Ts c~ ~ )  (2.12) 

The coordinate of the f lame front,  where  the combustion t empera tu re  T ,  reaches  (cl T 0 +Qi + Q2 (p))/Cp 
is given by 

Z ,  ( T , )  = ' ~  cpT,  - - c l T o - -  Q1 In (2.13) 
mcp cpTs - -  clTo - -  Q 1 

Formulas  (2.5), (2.12), and (2.13) descr ibe  the s ta t ionary distr ibutions of a mass  and t empera tu re  
flow in a thermal  l aye r  in a gas occupying the region between the sur face  of the condensed phase, x= 0 (the 
cold boundary of the the rma l  layer) ,  and the f lame front  in the gas, x = x ,  (the hot boundary of the the rmal  
layer) .  

The behavior  of the t he rma l  l aye r  in the gas in nonsteady combustion is determined by Eqs. (2.1)- 
(2.3). We will l inear ize  Eqs.  (2.1)- (2.3), assuming that the weak harmonic compress ive  dis turbances p' = 
p +6pei~176 induce weak var ia t ions  in all the values in the combustion zone, such that 

I' (x,  t) = I ( z )  + 8f  (x)e  ~" 

where  6f  is the amplitude of the dis turbance of an a rb i t r a ry  charac te r i s t i c  var iab le  f '  of the combustion 
zone, and 6 f / f < < 1 .  

Following l inear izat ion of Eq. (2.1) we obtain, by taking (2.4) into account, 

' dSm = _~o)lLP ST2 io)p. n T---~'x) 8p (2.14) dx 

Here  T2(x ) is the s ta t ionary t empera tu re  distr ibution (2.12). 

The I inaer ized motion equation (2.2) can be r ep resen ted  in the "form 

m, cpu~o u~ u~ d~l + u~-  dl'l 'l'Mo 2 p~ dq 
i p~o ~ 8p2 aO~/po) (2.15) 

-[- TMo '~ I% ~ p~o dtl 

He r e  u20 , P0, and Pz0 a re  the s ta t ionary values of the gas velocity, p re s su re ,  and density at some point 
x 0 of the preheat ing zone in the gas, for  example, at the sur face  x= 0 of the k phase, 77 = mcpx/~z,  and M0Z= 
U202/(T PO/P20)" 

We find in this case, by estimating the order of the terms in (2.15), taking into account (2.9), the com- 
pressive disturbance in the the rmal  gas layer :  
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8p = r  ( 2 . 1 6 )  

to within t e r m s  on the o r d e r  of M0 2. 

By express ing  the ent ropy de r iva t ives  in (2.3) in t e r m s  of the t e m p e r a t u r e  and p r e s s u r e  de r iva t ives  
and l inear iz ing the equation obtained, taking into account (2.1), (2.4), (2.9), and (2.16), we may  obtain 

d r,i dST~ c~r ia)lXc,, -aT L.~--aT-~ - c~r2 (x) Sra - -  = - - ~ - - S p  (2.17) 

Equations (2.14)and (2.17)for  5mand  8T 2 d e s c r i b e t o  a l inear  a_pprox imat ion the rmalmass  exchange in 
the heated l ayer  of the gaseous  combust ion zone for  sma l l  deviations f r o m  the s teady s ta te  induced by h a r -  
monic  p r e s s u r e  osci l la t ions  with ampl i tude 8 p, and a r e  the fundamental  equations for  calculat ing acoust ic  
admi t tance  within the f r a m e w o r k  of the model  assumed.  It is n e c e s s a r y  to fo rmula te  boundary conditions 
at  the cold and hot boundar ies  of the t he rma l  l ayer  in o rde r  to solve these  equations.  

3 .  B o u n d a r y  C o n d i t i o n s  

The  following conditions resu l t  ff we r equ i r e  that the mass ,  thermal ,  and energy  fluxes be  continuous 
on the k-phase  gasi f icat ion surface:  

x = 0 :  8m- -Sml ,  8T~ =ST~ (3.1) 
~.~(dST~ / dx) = ~.lS(ps q- (% - -  c l )m lST  ~ Jr- (% - -  cl)T~Sm 1 

Here  the values  6 Ts, 6 m  l,  and 6 ~o s a r e  r e l a t ed  by additional re la t ionships  which mus t  be  de te rmined  
f r o m  the solution of the nons t a t i ona ry - t empe ra tu r e -d i s t r i bu t i on  p rob lem in the k phase.  

The va r i a t ion  in the t e m p e r a t u r e  in the p rehea ted  k - p h a s e  l ayer  is desc r ibed  by the equation 

pic~(OT 1' / Ot) q- rn~' c~(OT 1' / Ox) = ~,l(O~T1 ' / Ox 2) (3.2) 

with boundary conditions 

Tl ' ( x  = - -  ~ )  = T O , T l' (0) = Ts' (3.3) 

where  T1T is  the t e m p e r a t u r e  of the k phase ,  and m l '  is  the mass -burn ing  ra te .  In wri t ing down (3.3) we have 
a s sumed  that the width of the reac t ion  zone of the k phase  is sma l l  (xi~ 0), s ince the hot boundary  of the p r e -  
heating zone ~ the k phase  (region 1) is found at  the point x = 0  and T l ' ( x i ) = T s ' .  At the s a m e  time, when r e -  
act ions a r e  p re sen t  in the k phase,  we cannot ignore the d i f ference  in the t e m p e r a t u r e  gradients  on the inner 
and outer  boundar ies  of the reac t ion  zone of the k phase  (q9 i and ~0s' ). The gradien ts  (0 i '  and ~0 s '  a r e  re la ted  
to the energy  conserva t ion  law in the reg ion  2: 

~l(p~' - -  ~,x(p,' = ml 'Q I (3.4) 

The s ta t ionary  t e m p e r a t u r e  dis t r ibut ion in the p rehea ted  layer  of the k phase  has the f o r m  

Tl (x  ) ---- T O .q- (T~ - -  To) exp (mlclx  / L1) (3.5) 

The t e m p e r a t u r e  gradient  on the hot boundary of the t h e r m a l  l aye r  of the k phase  is given by 

dTl (ar I mlCl 
(Pl = dx  x---~xi = ~ (T~ - -  To) 

The recons t ruc t ion  of the t e m p e r a t u r e  prof i le  in the t h e r m a l  l aye r  of the k phase  under  the effect  of 
weak c o m p r e s s i v e  d i s tu rbances  is descr ibed  by the l inear ized  equations (3.2) and (3.3): 

~, d28T1 mlcx ~ i~ ciSml - -  =Srnl----ff~l (T~ - -  To)expi-z~--l x ! (3.6) 
% t 

8Tx(x = - -  oo) = 0, 8Tl(X = 0) = 8T~ (3.7) 

The solution of the p rob l em  (3.6), (3.7) has the f o r m  

;'~ICl �9 m, ICI~FF~I it/1 

~ = i + l~ i + 4ifa~, f h  = (~.,p,o)) / (cxrnx ~) 

By different iat ing (3.8) and set t ing x=  0 we obtain a re la t ionship  between the d i s tu rbances  of the t e m -  
p e r a t u r e  8Ts, m a s s  flow 6ml ,  and t e m p e r a t u r e  gradient  6 q  at the p r e h e a t e d - l a y e r - k - p h a s e  reac t ion  zone 
boundary:  
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i (2 -- ~i) 5mi ~i 5T 5q~ i 
- -  ----- 0 (3.9) 2~1 mi 2 T s -- To (Pi 

We obtain after  i inearizing (3.4), 

)~iSqh -- )~iSq)~ ---- Qi6m i (3.10) 

One m o r e  relat ionship between 6T s, 5ml, and 6(pi is determined f rom an approximation analysis  of 
the p rocesses  in a thin zone of the k phase. It is assumed that a z e r o t h - o r d e r  chemical  react ion proceeds in 
the react ion layer  of the k phase. We may write, fo r  the t empera tu re  in this zone, 

~(d~T~ / dx  ~) - -  rn~c~(dT1 / dx) -]- p~Q~O~(T~) = 0 (3.11) 

x ---- xi, T1 = Ti, qD = qh (3.12) 
x =  0, T i = T,, q)= r 

Here  @l(T1)=Blexp(--E1/RT 2) is the dependence of the chemical  react ion rate  on tempera ture ,  andQ1 
is the heat re lease ,  the dependence of all the values in (3.11) on t ime being determined in this case  by the 
t ime dependence of the boundary conditions. 

By approximately integrating (3.11) and (3.12) we may obtain (e.g., [11]) 

~i(Pi~ -- ~i(Ps2 -- 2piQ1B~iRTs2 ( - - - - ~ 8 )  
-- E~ exp Zi (3.13) 

We determine, by l inearizing (3.13) and using (3.10), a relationship between the amplitudes of the dis-  
turbances 5 m  1 of the mass-gas i f ica t ion  rate, of the surface  tempera ture  5 T s, and of the t empera tu re  g rad i -  
ent at the r e a c t i o n - z o n e - k - p h a s e - t h e r m a l - l a y e r - 5  (Pi boundary in the fo rm 

5~ 5ml 5Ts 
~-T + ( i  - q) ~ - z l T j : ~ _  T0 = 0 (3 .14)  

[ Ei \ Q1 ~.,~lB1 exp 1-- "-R'~* ) q ci (T s - -  To) ' Zl mi~c i 

We may  represen t  the boundary conditions (3.1) for the functions 5 m(x) and 5 T2(x), by using formulas  
(3.9), (3.10), and (3.14), in the form 

x =  0: 6m--6rn  i, 6T~ =Gi6ml, d 6 T  2 / d x  = G 3 6 m  i (3.15) 

G i = T ~ T ~  -~ 

mlcl -- (ci - c,) Ts] G3 = ~ (•1__ i .~__ ~lp)G1 61 (T~ T0)[t + cl (Ts--T0)J 

The boundary conditions on the cold boundary of the gaseous zone (3.15) contain the mass-gasi f icat ion 
rate  dis turbance (3 ml, so that the solutions of the ordinary  differential  equations (2.14) and (2.17) under  the 
conditions (3.15) will also contain the value 5 rai, and to determine the la t ter  it is neces sa ry  to use condi- 
tions on the hot boundary of the gaseous preheated zone. 

We re turn  to deriving the boundary conditions on the f lame front  in the gas, which is the hot boundary 
of the preheated zone and which separa tes  the combustion products  f rom the thermal  gas layer.  Under steady 
conditions the coordinate x,  of the f lame front is determined by formula  (2.13), while under  nonsteady con- 
ditions the position of the f lame front  is t ime-dependent  ix' =x '  (t)]. 

By considering that a s ta t ionary dependence of the mass-combust ion rate  m ,  on the thermodynamic 
conditions at the f lame front in the gas remains  valid for  smal l  deviations f rom steady combustion condi- 
tions, we may wri te  

5m. 5.o e ST, 
--m, = /'~ p "~ ~" T,  ( 3 . 1 6 )  

n = iO---i-ff~plr. , e = W p ( T ~ - - T o ) ,  ~ = ~ 1 ' ~  

The pa rame te r s  n and e can be determined f rom the theoret ical  or  experimental  s ta t ionary depen- 
dence m., = m ,  (13, T , ) .  Under steady combustion conditions, m 1 = r e = m ,  =coast .  The m a s s  flow m'  through 
the f lame front differs under  nonsteady conditions f rom the mass-combust ion rate  m , '  in the gas. At the 
f lame front x , ,  (t) we have the lelat ionship 

m , '  =: m ' ( x , ' )  - -  p, 'dx, '  / d t  (3.17) 
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We obtain after  l inearizing (3.17), a formula that re la tes  the dis-  
turbance 6 m ,  of the mass-combust ion ra te  in the gas to the disturbance 
of the mass  gas velocity 5re(x,) at the f lame front and the dis turbance of 
the position of the f lame front: 

8m, = 8m (x,) --  ic0p,Sx, (3.18) 

We write the energy conservat ion law at the f lame front under non- 
steady conditions, using the definition of a flame front  in a gas as a su r -  
face at which heat Q2 is released,  in the fo rm 

rl? ' dT2' d T , '  I 
- -  , Q~. (p') + ~,~ ~ ~,' = k2 ~ k '  ( 3 . 1 9 )  

Combustion products  under steady combustion conditions have a 
constant tempera ture  T,  and the right side of Eq. (3.19) vanishes.  Non- 
uniformit ies  in the t empera tu re  and in other values, re lated to the p ropa-  
gation of harmonic,  acoustic, and entropy waves of the fo rm exp( iwt -  
ikx), appear  in the combustion products under these nonsteady conditions. 
The wave numbers  of these waves a re  as follows (e.g., [12]: 

k - = i c ~  (t + M , ) ,  k + - - i  ( I - - M , )  M , =  

k(O) _ co t - -  "I / l § 4 ~ z  9. 3 = k~p, 
u, 2~  ' cpm,---"~ o) (3.2 O) 

Values related to acoustic waves propagating in the posit ive and 
negative directions of the x axis are  denoted by the subscripts  + or  - ,  
respectively,  while values related to an entropy wave are  denoted by 
the subscript  0. Relationships between the disturbances in acoustic and 
entropy waves, descr ibed to within t e rms  on the o rder  of 35, 2, have the 
form 

6u , •  6p • 6p, -+ I 6p • 6T, • T - - I  6p • 
- -  ~; P ' P, T P ' T ,  "; p 

6U, (~ = 0, 6p (~ = 0, 6T, (~ / T ,  = -- 5p, (~ / p, (3.21) 

The dis t rubances of all the thermodynamic pa rame te r s  and the gas veloci ty in the combustion products  
a re  represented  as the sum of the disturbances t ransmit ted by each of the waves, in par t icu lar  

8p = 5p + + 6p-,, 6m (x,) = p, (6u, + -~- &z,-) + u ,  (6p, + + 6p,- + 5p,(~ 6T ,  = 6T,  + + 6T , -  + 6T, (~ (3.22) 

We obtain f rom (3.22), by taking into account that the tempera ture  dis turbances are  of a wave char -  
acter ,  that 

dST,  / dx = k+6T,  ~ + k - 6 T , -  + k(018T,(0) (3.23) 

We find by l inearizing (3.19) and taking into account (2.12) and (3.20)-(3.23), that 

&n,  Q2(p)+mCpT*aSpp --  ~2" ~d6T' x ,__ra2cp~. .~  (42 (P) 6x, = -- k2k(~ (ST, T-- 1 T* 5 p ) T  P (3.24) 

The quantity 

a = (dQ~ / dp) (p / cp T , )  

charac te r izes  the variat ion in the completeness of combustion as the p r e s s u r e  is varied.  

We obtain by using the given combustion temperature ,  T, ' = T 2' (x, ') and formula (2.12), that 

S T ,  ----- STy(x,)  + (mQ2(p)k~-l)Sx, (3.25) 

We obtain the boundary condition for  the functions 6 m (x) and 6 T 2 (x) on the sur face  x = x ,  by eliminating 
6 m , ,  6 T , ,  and 6x,  f rom (3.16), (3.18), (3.24), and (3.25): 

e A . d6T~ 

A = (mk (~ - -  io)9, - -  m2cp/k2)\..~n ~- y~-~ , ]  Q2 
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Condition (3.26) ellows us to determine the value 6 m 1 of the mass-veloci ty  disturbance on the surface 
of the k phase, which is the eigenvalue of the problem, as well as to obtain the complete solution of the non- 
steady reconstruct ion problem of the thermal  gas layer  under the effect of a compress ive  disturbance 6p. 

4 .  R e s u l t s  o f  t h e  C a l c u l a t i o n s  e n d  D i s c u s s i o n  

We obtain f r o m  (1.1) using the relat ionships (3.21) and (3.22) the following for the acoustic admit tsnce 
of e hot surfece of a condensed system: 

u, l'~rn (x,) / 5p A.- 6T, / 5p -- j ]  
= - j ( 4 . 1 )  

Fur ther ,  expressing 6T ,  in tenThS of (~m(x,) and (~T2(x,) we obtain f rom (4.1) using Eqs. (3.16), (3.18), 
and (3.25), 

i ~ c p T ,  8 A = ~ + u  (4.2) 

In (4.2) the values 

m [ p T, 

are determined by solving the problem (2.14), (2.17), (3.15), (3.26). An acoustic wave is amplified when re- 
flected from the combustion surface of a condensed system of the real part Re ~ of the acoustic admittance 
is nngstive. 

The calculation of the real part Re ~ of the acoustic admittance reduces to the numerical integration 
of a system of four first-order ordinary differential equations in real variables on the segment [0, x, ] with 
boundary conditions (3.15), (3.26) at the endpoints. Integration conducted by the Runge-Kutta method was 
begun from the point x= 0 with the conditions (3.15), and the condition (3.26) was satisfied at the right end 
point x = x.. 

If condition (3.26) is not satisfied, the value of 6m i at x= 0 is changed and integration is repeated for 
a new value of ~ m i. Results are presented below of a calculation of the dependence of Re ~ on frequency 
according to Eq. (4.2) for the following values of the parameters: X~=12=5.10-4 eal/sec.cm.OK, cz = cp = 0.33 
ca l /g .~  p~-----l.6 g /cm 3, m = 2 g / s e c ' c m 2 , p  = 5 0  atm, ~ = 2 9 ,  T 0 - : 3 0 0  ~ T,-----600 ~ e = i ,  
7 = i.25, z~ = i0~ Q~ -~ Qs = 800 cab/g .  In pace of the variable n we used the p a r a m e t e r  v=(01nm,/a lnP)T0 , 
related to n by the relation v = n+g'r-lc~. A value of v = 0.67 was assumed in the calculations. 

The dependence of Re [ on frequency fo r  different values of heat r e lease  Q1 in the k phase (~ = 0) is 
depicted in Fig. 2 by solid curves.  Results of a calculation of the dependence of Re ~on frequency for the 
same values of the pa rame te r s  but without taking into account gaseous-phase  t ime delay [2] are  depicted by 
dotted curves for  comparison.  Values for  Q1 of 20 cal/g,  40 ca l /g ,  and 80 ca l /g  correspond to curves  1, 1'; 
2, 2'; and 3, 3', respectively.  Curves 4, 4 '  were obtained for  the case  of an endothermic react ion in the k 
phase with Ql = - 8 0  cal /g.  It is evident that the influence of gaseous-phase  t ime delay is appreciable begin- 
ning with frequencies on the o rder  of 108 Hz. A calculation of gaseous-phase  t ime delay can lead to either 
an increase  or a dec rease  in the tendency of the condensed sys tem towards acoustic--combustion instability. 
The gaseous-phase  t ime delay also leads to the appearance of a maximum of Re ~ at high frequencies,  which 
corresponds  to the grea tes t  attenuation of the acoustic waves when reflected, which shifts towards lower 
frequencies with increasing Q1- 

In Fig, 3 the dependence of Re ~ on frequency for different values of o~ (curves 1, 1' correspond to o~= 
0.1, curves  2, 2 r correspond to oz=0.3, and curves  3, 3' cor respond to o~= 0.5) and of heat re lease  Q1 in the 
k phase (curves 1-3 correspond to Q1 = 20 cal/g,  while curves  1 ' - 3 '  cor respond to Q1 = 80 cal/g) is shown. 
The tendency of the condensed sys tem toward amplification of the acoustic compress ion  waves increases  
over  the entire frequency band with increasing o~. 

In this work a boundary condition on the surface of the condensed phase, which takes into account to 
a quas i - s t eady-s ta te  approximation the extent of the chemical  react ion zone in the k phase that leads to gas-  
ification, was used for calculating the size of Re [.  In a number of other studies (e. g., [13]) it was assumed 
that the passage  of the k phase into a gas is a surface  process  whose mass  rate  is determined by the law 

rn 1 N exp (--E~ / BT~) 
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F o r  this  model  we have, in p lace  of the condition (3.14) on the su r face  of the condensed phase,  

6rnl / m 1 = (E~ / Rr**)6rs  (4.3) 

Dependences of Re [ on frequency,  calcula ted using conditions on the su r face  of the condensed phase  
in the f o r m  (3.14) and in the f o r m  (4.3), a r e  p resen ted  in Fig.  4 by solid curves  and dotted curves ,  r e s p e c -  
t ively,  for  compar i son .  A value for  Q1 of 80 ca l /g  co r re sponds  to the curves  1, 1', while a value fo r  Q1 of 
20 ca l / g  co r responds  to the cu rves  2, 2 ' .  

A calculat ion was p e r f o r m e d  in [9] of the acoust ic  admi t tance  of the hot su r face  of a condensed s y s -  
tem,  taking into account the spat ia l  extent of the s imple  chemical  reac t ion  zone in the gas .  Dependences 
a r e  p resen ted  in Fig. 5 of the r ea l  pa r t  r = - - c . R e ~ / T u ,  of a hot su r face  on log ~2 as calculated in [9] (dot- 
ted curve  2) and in this  work (solid curve  1), given identical  values  of the p a r a m e t e r s  of the condensed s y s -  
t em.  

I t  is evident that, by taking into account the d is t r ibut ive  nature  of the chemica l  reac t ion  in the gas,  we 
a r r i v e  at m o r e  e x p r e s s e d  e x t r e m a  on the acoust ic  a d m i t t a n c e - f r e q u e n c y  curve.  High qual i ta t ive and s a t i s -  
f ac to ry  quanti tat ive a g r e e m e n t  between the curves  is observed.  

Inconclus ion,  we note that a s impl i f ied scheme  and approx imate  values  for  the kinet ic  constants  of the 
chemica l  reac t ions  w e r e  used  in the calculat ion conducted. There fo re ,  r e su l t s  of the calculat ion can be 
u sed  only for  explaining the qual i ta t ive fea tu res  of the dependence of acoust ic  admit tance  on different  char -  
a c t e r i s t i c s  of a combust ion p r o c e s s  (in par t icu la r ,  on heat r e l e a s e  in the k phase), which co r re sponds  to the 
c o n t e m p o r a r y  s ta te  of exper imenta l  invest igat ion in the field of acoust ic  combust ion instabili ty.  
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