
MEASUREMENT OF THE ACOUSTIC ADMITTANCE OF 

THE BURNING SURFACE OF GUNPOWDER 

A. D. M a r g o l i n ,  I. B. S v e t l i c h n y i ,  P .  F. P o k h i l ,  
a n d  A. S. T s i r u l ' n i k o v  

Two methods of measur ing  the acoustic admittance of the burning surface of gunpowder, namely, the 
method of cr i t ical  conditions and that of the varying surface,  are developed. 

The method of cr i t ical  conditions is based on the measurement  of the limit of self-excitat ion of un-  
stable combustion in resona tors  of simple form whose acoustic losses  can be accurate ly  determined. 

The method of the varying surface consis ts  in measur ing  the rate of increase or  decrease  of the am-  
plitude o'f oscil lat ions in a T -chamber  during the combustion of a gunpowder sample whose burnLng surface 
var ies  with t ime. 

The dependence of acoustic admittance on oscillation frequency and p r e s s u r e  are investigated. Both 
methods are  applicable in a wide range of frequencies.  

The acoustic admittance of a burning surface is a fundamental physical  p roper ty  which defines the 
tendency of gunpowder to acoustic instability of combustion. Under conditions of acoustic instability of 
combustion of condensed sys tems ,  p r e s s u r e  waves are usually intensified at the burning surface of gun- 
powder in the nar row zone of intense chemical  reactions.  The charac te r i s t i c  dimensions of this zone are 
small  in compar ison with those of the resonance volume and of the wavelength. Variation of the acoustic 
wave p a r a m e t e r s  produced by the interaction with the combustion p roces s  is charac te r ized  by the coeff i -  
cient of wave refract ion f rom the burning surface  of gunpowder. The acoustic admittance of a burning s u r -  
face is defined as the rat io of var ia t ion of the rate  of combustion products  outflow 6,~ f rom the gunpowder 
surface to that of p r e s s u r e  5p in the sound wave at the burning surface 

Fig. 1. Block d iagram of [experimental] setup: 1) T-chamber ;  
2) gunpowder samples;  3) receiver ;  4) p r e s s u r e  oscil lat ion 
sensor;  5) mean p r e s s u r e  sensor;  6) magnetic recorder ;  7) 
amplifier; 8) automatic control unit; 9) loop oscillograph; 
10) tape winder; 11) e lectron osci l lograph.  

Fig. 2. Diagram of the gunpowder sample. 
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Fig. 3. Diagram of the p r e s s u r e  
fluctuation sensor  and of the [meth- 
od of] mounting of the gunpowder 
sample: 1) sensor  casing; 2) wave 
guide; 3) p iezoceramic  element; 
4) gunpowder sample; 5) igniting 
compound; 6) lead azide crysta l ;  
and 7) membrane.  

The real  Re ~ and the imaginary Im &" par ts  of acoustic ad- 
mittance define, respect ively ,  the absolute value of the reflection 
coefficient and the phase shift owing to reflection. 

This paper deals with exper imental determination of the 
acoustic admittance of the burning surface of gunpowder. The 
methods of cr i t ical  conditions and of varying surface are devel-  
oped and applied to the measurement  of acoustic admittance of a 
burning surface.  

Self-excitation Of an auto-osci l la t ing sys tem occurs  when 
the input of energy  exceeds its losses.  Taking into considerat ion 
the acoustic energy balance of a resona tor  of the simplest  form 
permit t ing  a reliable calculation of acoustic losses ,  and with the 
knowledge of the limit of stable combustion, it is possible to de-  
termine the acoustic admittance of a burning surface.  Two v a r -  
iants of the method of cr i t ical  conditions are given below. 

Investigations of the instability of combustion of n i t rog ly-  
cer in  powder A (caloric value Q = 1100 kcal/kg) samples with a 
bore had shown that the excitation of longitudinal oscil lat ions of 

combustion products  in the channel is considerably affected by the rat io of the length of the sample to its 
bore d iameter  L/d.  At high L/d longitudinal osci l lat ions of combustion products  are always present ,  
while for L/d  ~- 14 such oscil lat ions were never excited. 

If in the study of the amplitude variat ion of a plane wave propagating in a channel with burning 
walls, having its dimensionless  acoustic admittance cr = ~plci, where p~ is the density of products  of c o m -  
bustion and ct the speed of sound in the lat ter ,  we assume that sound is radiating only" f rom the open side 
of the channel,  the conditions for intensification of longitudinal oscil lat ions can, to within magnitudes of 
the f irst  o rder  of smal lness ,  be written as 

z - - L •  •  (1) 

Here z is the dimensionless  acoustic impedance of the channel open end. 

In the case  of an open end with a wide flange, using the known equations of acoustics [1], we obtain for 

~n*d2 
" = ~ .  (2) 

where n is the o r d e r  of the longitudinal osci l lat ion harmonic.  Thus the condition of intensification of natu-  
ral longitudinal oscil lat ions in a channel with burning walls is 

n~n~d2 • 0 
SL~ + - ~ - ~  ' (3) 

if sound attenuation in the volume of combustion products  is neglected. It will be seen f rom (3) that inten- 
sif ication of oscil lat ions is possible when ~ < 0, which can occur  at the burning surface.  

For ~ < 0 and (L/d) 2 > 1~2n2/1~ 1 increase of the oscil lat ion amplitude, owing to intensif icat ion at the 
burning surface,  exceeds the attenuation produced by radiation f rom the open ends and, consequently, the 
oscil lat ions may become self-excited.  

Taking L/d  = 14 as the cr i t ical  value and assuming n = 2 (experimental conditions), f rom equation 
(3) we find that for gunpowder A at p r e s s u r e s  of 50-100 kgf /cm 2 and a frequency of 10 kHz (experimental 
conditions) I~1 ~ 10 -3. The accuracy  of these exper iments  was such that only the order  of magnitude of 
was determined. The obtained tnl ~ 10 -3 cor responds  to a coefficient R ~ 1.002 of reflect ion f rom the 
burning surface of gunpowder and, as regards  its o rder  of magnitude, coincides with the theoret ical  e s t i -  
mate. 
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Fig.  4. A s e c t i o n  of the  o s c i l l o g r a m  u s e d  in c a l -  

Th is  is  the r e s u l t  of  the f i r s t  e x p e r i m e n t a l  
d e t e r m i n a t i o n  of  the  a c o u s t i c  a d m i t t a n c e  of  the  
b u r n i n g  s u r f a c e  of gunpowder .  (The method  of  c r i -  
t i c a l  cond i t ions  was p r o p o s e d  in 1960. M e a s u r e -  
m e n t s  we re  c a r r i e d  out in 1961. The r e s u l t s  p r e -  
s en t ed  he re  have been  taken  f r o m  the 1960 and 1961 
R e p o r t s  of  the  Ins t i t u t e  of C h e m i c a l  P h y s i c s  of the  
A c a d e m y  of  S c i e n c e s  of the USSR.) 

c u l a t i o n s .  A n o t h e r  a p p l i c a t i o n  of the  method  of c r i t i c a l  
cond i t i ons  c o n s i s t s  in the e x p e r i m e n t a l  d e t e r m i n a -  

t ion of n by  us ing  two p l a n e - p a r a l l e l  p l a t e s  of gunpowder  s a m p l e s .  Dur ing  the  c o m b u s t i o n  of  such  s a m p l e s  
in the  c a v i t y  b e t w e e n  the  two p l a n e - p a r a l l e l  p l a t e s  of gunpowder  and r i g i d  l a t e r a l  wa i l s ,  o s c i l l a t i o n s  of the  
p r o d u c t s  of c o m b u s t i o n  n o r m a l  to the  f a c e s  of  gunpowder  p l a t e s  w e r e  induced  at a f r e q u e n c y  of about 50 
kHz (the f u n d a m e n t a l  mode) .  The c r i t i c a l  cond i t ion  for  s e l f - e x c i t e d  o s c i l l a t i o n s  was found to be  the  
a c h i e v e m e n t  of  a c e r t a i n  t h i c k n e s s  of the gunpowder  p l a t e [ s ] .  The s i m p l e  g e o m e t r y  of the used  s a m p l e  
m a k e s  p o s s i b l e  a s u f f i c i e n t l y  a c c u r a t e  d e t e r m i n a t i o n  of  sound e n e r g y  l o s s e s  at the  ins t an t  of s e l f - e x c i t a -  
t ion  of o s c i l l a t i o n s ,  and to d e t e r m i n e  the unknown ~ f r o m  the c r i t i c a l  cond i t i ons  fo r  the o c c u r r e 0 c e  of 
such  o s c i l l a t i o n s .  The fundamen ta l  a c o u s t i c  l o s s e s  a r e  in th i s  c a s e  due to the  r e f l e c t i o n  of  sound waves  
f r o m  the gunpowder  p l a t e s .  Sound a b s o r p t i o n  b y  the g a s e o u s  p h a s e ,  in the a b s e n c e  of so l id  p a r t i c l e s  in it, 
m a y  be n e g l e c t e d ,  owing to i ts  s m a l l n e s s  [2]. The c o e f f i c i e n t  of  r a d i a t i o n  of t r a n s v e r s e  o s c i l l a t i o n s  of gas  
in the c a v i t y ,  e m a n a t i n g  f r o m  i ts  r e c t a n g u l a r  open ends ,  is  c l o s e  to z e r o  [1]. The m e t a l  wa i l s  a r e  c o n -  
s i d e r e d  to be r i g i d ,  and,  c o n s e q u e n t l y ,  on ly  the  sound e n e r g y  l o s s e s  due to  the r e f l e c t i o n  of  o s c i l l a t i o n s  
f r o m  the gunpowder  p l a t e s ,  and the e n e r g y  input g e n e r a t e d  by  wave i n t e n s i f i c a t i o n  at the  b u r n i n g  s u r f a c e  
of gunpowder  a r e  t a k e n  into account  in  c a l c u l a t i o n s .  

The c o n d i t i o n  for  s e l f - e x c i t a t i o n  of  o s c i l l a t i o n s  is  w r i t t e n  as  tI~ >- 1, w h e r e  R is the c o m p l e x  c o e f f i -  
c i en t  of  sound wave r e f l e c t i o n  f r o m  the  b u r n i n g  s u r f a c e  of gunpowder .  E x p r e s s i n g  R in t e r m s  of  ~ and of  
the  a c o u s t i c  a d m i t t a n c e  of the  n o n - b u r n i n g  gunpowder  p l a t e ,  t ak ing  into c o n s i d e r a t i o n  the  a b s o r p t i o n  of 
sound by  the  gunpowder ,  and u s i n g  e q u a t i o n s  of a c o u s t i c s  [3], we ob ta in  

u = ~ [2z~z.~A--~----_{_ A-~)  __~-t~]-l-~--~ ~ C ' )  ~- 2zlz~ (sAC -Jr- AB) --  z~ (l -[- s ~) A~ ~- z2~(U2~- 02) ~' 

A = exp (--462b) -}-' 2 exp (--262b) cos k2b Jr" i, 
B = exp (--462b) - :  t, C = 2 exp (--262b) sin 2k~b, 

ZI = 0161, Zg = ~)2C2, k 2 = 2g]  / c2, 8 = ~2 / ks, 

(4) 

He re  Pl and P2 a r e ,  r e s p e c t i v e l y ,  the  d e n s i t i e s  of the p r o d u c t s  of c o m b u s t i o n  and of  the  condensed  p h a s e  of 
gunpowder ;  c l  and c2 a r e  the  s p e e d  of sound in the p r o d u c t s  of c o m b u s t i o n  and in the  m a t e r i a l  of gunpow-  

d e r ,  r e s p e c t i v e l y ;  62 is the  coe f f i c i en t  of sound a b s o r p t i o n  in the gunpowder ;  f 
s 

20 s 7g /S Zg 

Fig .  5. D e p e n d e n c e  
of  the  l o g a r i t h m  of 
the  r e l a t i v e  a m p l i -  
tude  of o s c i l l a t i o n s  
o n t i m e  (T O is the  p e -  
r i o d  of o sc i l l a t i ons ) .  

is the f r e q u e n c y  of o s c i l l a t i o n s  at the  ins tan t  of exc i t a t i on ;  a n d b  is the  t h i c k n e s s  
of the  g u n p o w d e r  p l a t e  at the  ins t an t  of e x c i t a t i o n .  Subs t i tu t ing  into equa t ion  (4) 
z i = 4 .75 .102  g / c m  2 and (~2 ---- 0 . 4  c m  - i ,  and the  c a l c u l a t e d  f r o m  e x p e r i m e n t a l  
d a t a  v a l u e s  of z 2 = 2 .55 .105  g / c m  2 s e c ,  k 2 = 1.97 c m  - i ,  and b = 0.8 c m ,  for  gun -  
p o w d e r  A we ob ta in  vt = 0 . 6 . 1 0  -3 at a f r e q u e n c y  of 50 kHz and p r e s s u r e  of 40 
k g f / c m  2. 

Since sound a t t enua t i on  in the bu lk  of  c o m b u s t i o n  p r o d u c t s  con t a in ing  s o l -  
id p a r t i c l e s  cannot  be n e g l e c t e d ,  the d e s c r i b e d  me thod  of d e t e r m i n a t i o n  of ~ was  
u s e d  in i n v e s t i g a t i o n s  of g u n p o w d e r s  whose  p r o d u c t s  of  c o m b u s t i o n  w e r e  f r ee  of  
condensed  p a r t i c l e s .  Th is  method  p e r m i t s  the  i n v e s t i g a t i o n  of the  a c o u s t i c  a d -  
m i t t a n c e  of a b u r n i n g  s u r f a c e  at e x t r e m e l y  high f r e q u e n c i e s  (50-100 kHz),  un-  
o b t a i n a b l e  by  o t h e r  me thods .  

T r a n s i e n t  c h a r a c t e r i s t i c s  of the o s c i l l a t i o n  p r o c e s s  g e n e r a t e d  in the gun -  
p o w d e r  c o m b u s t i o n  c h a m b e r  m a y  be used  fo r  the  d e t e r m i n a t i o n  of (r, as  was 
done by  Hor ton  [4-6] .  T h e s e  c h a r a c t e r i s t i c s  depend  on cr and on the c u m u l a t i v e  
a t t e n u a t i o n  of sound in the  e x p e r i m e n t a l  c o m b u s t i o n  c h a m b e r .  H o r t o n ' s  me thod  
and i t s  v a r i a n t s  c o n s i s t  in bu rn ing  gunpowder  s a m p l e s  with a cons t an t  t i m e - i n -  

154 



dependent a r e a  of the burning su r face  in a T - shaped  c h a m b e r ,  and ~ is ca lcu la ted  f rom two dif ferent  m e a -  
s u r e m e n t s  of the t r ans i en t  c h a r a c t e r i s t i c s  of the o sc i l l a t i on  p r o c e s s  co r r e spond ing  to d i f ferent  condit ions 
of combust ion.  M e a s u r e m e n t s  a r e  made r ight  at the beginning a n d / o r  at the end of combust ion  of the s a m -  
ple.  Resu l t s  of such m e a s u r e m e n t s  a re  inevi tab ly  affected by the igni t ion and burn-ou t  phases  of gunpow- 
de r  combust ion.  

A d i s t inc t ive  fea ture  of the method of v a r i a b l e  su r face  de sc r ibed  below is the use  of gunpowder s a m -  
p les  whose burning  su r face  a r e a  v a r i e s  with t ime .  If the a r e a  of the burning sur face  of the sample  v a r i e s  
to a known law S(t), the unknown ~ of the gunpowder can be de t e rmined ,  as shown below, by a s ingle m e a -  
su remen t  of the t r ans i en t  c h a r a c t e r i s t i c s  of p roduc ts  of combust ion induced in a T - c h a m b e r  or  any o ther  
e x p e r i m e n t a l  equipment.  The ignit ion and burn-ou t  p r o c e s s e s  of the sample  do not in this  case  affect the 
r e s u l t s  of e x p e r i m e n t s ,  s ince ,  gene ra l l y  speaking,  m e a s u r e m e n t s  a re  made in the middle  of the gunpow- 
de r  combust ion p r o c e s s .  

Two e x p e r i m e n t a l  setups for  use with the method of varying [combustion] su r face  were produced 
and tes ted .  The f i r s t  had its combust ion cha m be r  in the shape of a r e sonance  space  cons i s t ing  of two 
Helmholtz  r e s o n a t o r s  in terconnected  by t h roa t s  and containing samples  of gunpowder whose burning s u r -  
face a r e a  i nc r ea sed  l i nea r ly  with t ime.  This setup is su i tab le  for de t e rmin ing  ~ at low f requenc ies  (below 
I000 Hz). 

Fundamental results were obtained on the setup shown diagrammatically in Fig. 1. A T-shaped 
chamber containing samples of gunpowder serves as the resonance space; it is connected to a large-vol- 
ume chamber, which before an experiment is filled with nitrogen at the required pressure. The gunpowder 
sample is in the shape of a wedge with the acute angle equal 13 ~ a base of 38 ram, width a = 28 ram, and a 
height of 10 mm (Fig. 2). The samples are glued to brass membranes, and then rigidly attached to the 
chamber end-walls. The sides of samples were armor-plated and their front faces covered with an explo- 
sive compound. With the progress of combustion the area of the burning surface of the sample decreased 
according to equation 

S (t) = S o - 2a Ut ctg 2c~ (5) 

where S 0 is the a r e a  of the burning  su r f ace  and U the r a t e  of combust ion.  

P r e s s u r e  f luctuat ions  induced in the r e s o n a t o r  by the combust ion of gunpowder a re  p icked up by the 
p i e z o e l e c t r i c  s enso r  whose s ignals  a r e  r e c o r d e d  on an e l ec t ron  o sc i l l og raph  with a h igh-speed  mechan ica l  
unrol l ing  device .  A d i a g r a m  of the s e n s o r  and of the [method of] sample  mounting is shown in Fig. 3. 
P r e s s u r e  f luctuat ions  in the T - c h a m b e r  were ,  a l so ,  r e c o r d e d  on a magnet ic  tape whose s ignals  were  at 
the same  t ime p a s s e d  to a loop osc i l log raph .  The mean p r e s s u r e  in the c ha m be r  was a lso  r eco rded .  B a l -  
l i s t i c  gunpowders  of m a r k  H (Q ~ 870 kca l /kg)  and of m a r k  A (Q ~ 1100 kea l /kg)  were used in these e x -  
p e r i m e n t s .  

The effect ive  spec i f ic  acoust ic  admi t tance  of the T - c h a m b e r  end- face  {per unit of its area)  is p r o -  
por t iona l  to the a r e a  of that pa r t  of the face which is taken up by the burning gunpowder 

S (t) ._ <8~> 
Y ' I f  = - ~ a  ~ = "  8p (6) 

Here  up is the p r e s s u r e  in the acous t ic  wave at the boundary,  (6 .  r is the acoust ic  speed ave raged  
ove r  the whole of the end- face ,  and S a is the a r e a  of the end- face .  

Walls  of the T - c h a m b e r ,  not taken up by the gunpowder,  a re  Considered as being r igid.  The e x p r e s -  

sion (6) is  used as  the boundary condit ion for  solving the wave equation defining the osc i l l a t i ons  of combus -  
t ion p roduc ts ,  with the at tenuat ion taken into account  by 
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o~, / ot~ + 13o, / ot = ~x~a~, / o~ ~, (7) 

where 13 is a function dependent on frequency and charac ter iz ing  the absorption of energy,  and r is the gas 
par t ic le  displacement whose express ion  will be sought in the fo rm 

~p = ~ Anq~ (z} exp (o~ +/con) t, 

Here An is the amplitude, an a complex constant, and Wn is the angular frequency in the absence of 
attenuation o r  intensification of sound. 

Equation (7) is solved on the usual assumptions of the T-chamber  theory [4, 6], i.e.: 

1. Only longitudinal oscil lat ions are  taken into consideration.  

2. Variations of the chamber  length is d is regarded,  since the wave length of the f irst  harmonic of 
longitudinal oscil lat ions generated in the T-chamber  is considerably g rea te r  than the sample thickness.  

3. The effect of the mean flow is d is regarded,  because in this case (in which the acoustic 13oundary 
layer  is thinner than the hydrodynamic) the coefficient of sound attenuation in a cavity with a s t r eam of 
gas is vir tual ly independent of the s t r eam velocity, as shown theoret ical ly  and by experiment [7, 8]. 

4. Acoustic losses  are  assumed constant throughout the time of measurement  (which is small  in 
compar ison  with the total t ime of combustion). 

5. Gaseous products  [of combustion] are  considered to be homogeneous with an average density Pl 
and a speed of sound c 1. The p roces s  is, fur thermore ,  considered to be quas i - s ta t ionary ,  since the int r in-  
sic t ime of variat ion of the burning surface of gunpowder considerably exceeds the oscillation period. 

The boundary conditions are  

s <By> i O, /o t  
S-~--a 6p -- plCi z O~/Ox for x.-~-O, x = l  �9 (8) 

Here l is the length of the chamber .  

Using the method of consecutive approximations and taking into account the quas i -s ta t ionar i ty  of the 
p roces s ,  we find the solution of Eq. (7) for the f irst  harmonic 

�9 e f 4c laURe(p i c i~ ) t "  2-y-Ro(picl~)-~a]t *=Ao xpl ~- 8-~atg -'~" ~ _ _ [ + +  ci So 

(9) 

The real  par t  of this expression def ines thevar ia t ion  of the oscillation amplitude with respec t  to t ime, 
and can be written as 

A t (t) = Ao exp (Dr ~ - -  Gt), 

a =++ cl ~o 2-;-~y-/, 

ci aU~ 
D-----4 I ,.~atg 2a' 

~r _.2 Re (piciD ---- Re~ . 

( l o )  

The coefficient D at t 2 depends only on the unknown ~ and on the a pr ior i  known or  experimental ly  
determined p a r a m e t e r s  of the p roce s s  and equipment. Thus the problem of the determination of ~ '  r e -  
duces to finding the coefficients of the parabola  defining the dependence of lnA t on time, which is de t e r -  
mined experimental ly.  Then 
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DSatg 2c~ (11) 
~=4(cz/l) Ua" 

The [functional] dependence In At(t) was determined f rom the high-speed recording of oscil lat ions.  A 
section of the osc i l logram used in calculations is shown in Fig. 4. 

The burs t  on the ose i l logram rela tes  to the instant of explosion of the lead azide crys ta l  mounted in 
the base of the sample (Fig. 3) for the purpose  of separat ing in the ose i l logram the section of gunpowder 
combustion f rom that corresponding to oscil lat ion attenuation on completion of combustion. The depen- 
dence lnAt = (p(t) determined in one of the experiments  is shown in Fig. 5. 

The coefficient D at t 2 in the experimental ly  determined dependence lnAt = q~(t) was calculated by 
the method of least squares.  At least 20 experimental  readings were used in the calculation. Maintenance 
of the law of l inear decrease  of the burning surface a rea  was checked throughout the t ime of combustion 
by extinguishing the burning of gunpowder samples at various stages of combustion. 

Measurements  of the acoustic admittance of the burning surface of investigated gunpowders were 
made at p r e s s u r e s  of 10, 25, 40, and 55 kgf /em 2 in the range of frequencies f rom 800 to 5000 Hz. Exper i -  
mental resu l t s  are shown in Figs. 6 and 7, where the thin ver t ical  lines indicate the maximum scat ter  of 
experimental  readings.  Fig. 6 a shows the dependence of the real  part  of the dimensionless  acoustic adm-  
mittance (t~1 = IRe(rt) on p re s su re  at various frequencies for mark  H gunpowder. 

Dependence of the absolute value of ~t on p r e s s u r e  for the same frequencies for the h igh-ca lor i f ic -  
value gunpowder A is given in Fig. 6 b and c. 

The exper imental ly  obtained values of the real  par t  of (~ are negative, which indicates an intensif ica-  
tion of acoustic waves. It is c lear  that in the investigated range of frequencies and p r e s s u r e s  the absolute 
value of ~ is around 10 -3-10-2, which is in good agreement  with the theoret ical  and experimental  e s t i -  
mates  obtained ear l ie r .  The~e resul ts  also show that ~ is g rea te r  for the high-calorif ic-value fast-burning 
mark  A powder than for the compara t ive ly  slower burning mark  H. Theoret ical  investigations [9, 10] show 
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Fig. 6. Dependence of 1%'t on p re s su re  p in kgf /cm 2. a) 
Curves 1, 2, 3, and 4 are for gunpowder H and relate to 
frequencies f = 0.8, 1.8, 2.9, and 4.9 kHz; b) curves 1 
and 2 are for gunpowder A and relate to f = 0.8 and 1.8 
kHz, respectively; c) curves I and 2 are for gunpowder 
A and relate to f = 2.9 and 4.9 kHz, respectively. 

Fig. 7. Dependence of l~l on frequency f in kHz for the 
A and H gunpowders. Curves 1, 2, and 3 relate to [pres- 
sures] p = 25, 55, and 40 kgf/cm 2, respectively. 
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that the ca lor i f ic  value and the ra te  of combust ion of gunpowder substant ia l ly  affect the acoustic admi t -  
tance of its burning surface .  

The min ima  of curves  i l lus t ra t ing the exper imenta l ly  obtained dependence of 1~41 on p at var ious f r e -  
quencies,  shown in Fig. 6, should be noted. These min ima  for gunpowder H occur  in the p r e s s u r e  range of 
20-30 k g f / c m  2, while for that of m a r k  A they appear  in the neighborhood of 40 k g f / c m  2. 

F igure  1 shows lu l  as a function of f requency at constant  p r e s s u r e .  

The most  in te res t ing  p r o p e r t y  of these  curves  is the p r e s e n c e  of smooth m a x i m a  of IN] at f requen-  
cies  of 1.5-2 kHz for gunpowders A and H at p r e s s u r e s  of 40 and 55 k g f / c m  2, respect ive ly .  This " p r e -  
f e r r ed"  f requency is p robab ly  de te rmined  by the re la t ion between the osci l la t ion f requency and the c h a r -  
ac te r i s t i c  combust ion t ime  of a gunpowder. Compar i son  of exper imenta l  and theore t ica l  data is difficult 
owing to the highly idealized assumpt ions  made in all theor ies  of the acoustic instabi l i ty of combustion.  
Thus, for example ,  the exper imen ta l ly  obse rved  slow ra te  of increase  of IN] with increas ing  f requency is 
in the case  of gunpowder H in good c o r r e l a t i o n  with the theore t ica l  predic t ions  in [9], which cannot be said 
of the r e su l t s  obtained with gunpowder A. 

A ful ler  and be t t e r  substant ia ted compar i son  of exper imenta l  and theore t ica l  data would necess i t a te  
m e a s u r e m e n t s  in a wider  range of f requencies ,  as well as the theore t ica l  investigation of var ious  models  
of combustion.  The descr ibed  method can be actual ly extended to cover  the f requency range of f r o m  300- 
10,000 Hz. A detailed study of the dependence of (r on f requency would require  individual m e a s u r e m e n t s  to 
be taken in cons iderab ly  reduced f requency intervals .  
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