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COMBUSTION OF MIXED "HOMOGENIZED" SYSTEMS 

Yu. V. Prolov, A. I. Korotkov, and 
v. F. Dubovltskiy 

Moscow 

The combustion of mixed condensed systems depends on a number 

of parameters, Including the dispersity of the components [lL 

A mixture of readily decomposing combustible and oxldizer has 

two limiting case:;:  a) combustion along the oxldizer and 

combustible grain interface; b) a kinetic regime of homogeneous 

gas mixture combustion (of premixed decomposition products).  The 

first condition is fulfilled, when the zone of complete mixing of 

the gasification products oT  the initial components (h) is much 

greater than the zone  of their heating to the temperature of the 

beginning of the reaction (I).     The second regime exists with 

the opposite relationship between h and ?.  In both cases the rate 

of normal flame front propagation increases practically linearly 

with pressure.  Contact combustion is characteristic for high 

pressures and large oxldizer particle dimensions; homogeneous 

combustion for finely dispersed systems and low pressures. 

FTD-ffV-23-626-74 
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Fig. 1.  Motion picture frames 
of the combustion of a stoic Mo- 
rn e t r 1 c A P C - s a c c}: a r o s e s y s t en : 
a) AFC particle dimensions 
d  = 200-300 urn (photograph of OH y * 

the end plane; b) d  < 2 urn. 

Figure 1 snows high-speed motion picture frames, which 

strate the combustion of a mixed stoichiometric ammonium 

i-T.-i chlorate (APC)-saccharose system in the two limiting cases. 

The contact combustion regime of the mixture with the oxldlzer 

d_ z  200-300 urn is shown in Fig. la.  Between the individual AFC 

and the saccharose crystals burnt places are distinctly visible; 

they form a highly developed combustion surface.  The flame front 

consists of individual bright tongues of flames merging into one. 

In contrast to this mixture the composition with the components 

d  < 2 um in the low pressure range has a very flat surface OH r 

(Fig. lb).  A "dark "one" immediately adjoins It, whose dimensions 

decrease sharply with pressure.  A high-temperat' 

f 1 a me z on e I s s i t \i a t e d a b o v e. 
"-ure luminous 

owever, in the most general :ase continuity [ 

netween the indicated limi tin.- 
2, 31 exists 

;f the condensed •ombustion regimes 

mixtures.  With a variation in pressure the contact combustion 
an pre over i n i t- h 

vi .."e ve rs a. 

in ie variation 

le homogeneous combustion regime and 

ho transition condition is determined by th< 

the-relationship between the mixing zone  and the reaction zone. 

The transition process is gradual.  Its boundary with respect to 

pressure depends on the 'Jispersity or  the components:  the smaller 

i T".  ft r*1  "i ')  /* " /*"   "J ?i 
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a particle is the more it is displaced in the high pressure range 

and vice versa.  Figure 2 shows the dependences of normal combustion 

rate on  the pressure of the APC-saccharose system for three 

different degrees of component mixing.  It is easy to see, that for 

laminar system (1) the disruption range for contact combustion 

begins approximately in the region of 20 at and below (the 

homogeneous combustion range begins when p 5 0.1 at).  At the 

f-ame time, for a mixture with finely ground components (3) the 

disruption of the homogeneous combustion regime (the range of 

purely contact combustion, apparently, sets in at pressures above 

5000-7000 at) occurs in this same pressure range.  The rules 

governing purely contact combustion (the combustion of laminar 

systems) were examined in detail in work [4],  Below, we will focus 

our main attention en the combustion of "homogenized" systems 

obtained by prolonged joint grinding of the components in a medium 

of inert liquid on a vibration stand (the- diameter of the particles 

is less than 2 urn). 

S.I m isJ (S «,ff W   25   S3 'LO idiü :.W 

P. at 

*Fig. 2.  The dependence 
of the combustion rate 
of a stoichlometric APC- 
saccharose mixture on 
pressure:  1 - laminar 
system (layer thickness 
of 140 um): .2 - d   =10 

um; 3-d  < 
OK 

OH 

urn. 

The combustion of similar types of "homogeneized" systems 

takes place at a rate attaining 25-35 mui/s and more (at a pressure 

of 30-40 at).  The fact of the increase in combustion rate with 

reduction in particle diameter is known [1],  However, the fact, 

that the combustion rate at such a degree of pulverization of the 

components exceeds by 4-5 times the combustion rate of similar 

systems with the•conventional employed dispers!ty of the components 

(d - 20-100 urn) is very remarkable and considerably extends the 

limits of the variation in the normal combustion rate of mixed 

systems exclusively only due to the variation in particle dimensions 

r 1. u-n i - c! 3- 0 c a — (H 3 
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Fig. 3.  The dependence of 
the combustion rate of an 
APC-urotropin mixture on 
pressure:  1 - d *  1^0-320 

Mm; - d 
OH 

< 2 um; 

3 - APC-urotropin 
(CO/15) + 5%  Peo0, (d 

£     5 OK 
< 2 

um); ^ - APC-urotropin 
(75/15) + 10? Al (dnu < 2 um) 

It has already been indicated ib ve, that the surface and the 

combustion front of "homogenelzed" mixtures are to a considerable 

extent uniform.  This makes these types of mixtures very attractive 

for the carrying out of different types of thermophysical measure- 

ments, for ascertaining the peculiarities of the effect of catalytic 

agents, and finely dispersed metals, etc., on the combustion orccess 

Pig. 3 demonstrates tue effect of the catalytic agent Pen0o and of 

finely dispersed aluminum on the combustion rate of a model 

APC-urotropin mixture.  En spite.of Lns high level of the normal 

combustion rate of the original system (d  < 2 urn) the presence 

of a catalytic agent Introduced into the mixture during the stage 

of component mixing, Increases the combustion rate.  In this case 

the activity of the catalytic agent increases with pressure:  in 

the 70-100 at pressure range the increase In rate due to the 

introduction of the catalytic agent is 30-35%-  This fact shows, 
*- U *s *•  ,-% « * **. v»  »» w* A r* -M  H.A. n -*<*v> A A'4- A  /•>*•> «•*  r\ T  r>  f ^ « *-  v> . , vt v-, 4 *•. ,-  -. « .—. *- ** «•.  *- V. *. 
WUUU l-   *Vtt -A» i »»**- i. VII'. W  VH-tA   V  -t   •-** * W W  *. %* J.   UU   W"*U  Ui    JlX  U{^ kJ^y   ).)   UCiU t^l JC 

catalytic agent is not an inert material, but is capable of 

actively affecting the combustion process.  The effect from the 

introduction of aluminum into the composition of "homogenized" 

systems is also considerable.  Upon the introduction of 10% finely 

dispersed aluminum into a APC-urotropin system the combustion rate 

of the composition increases by 1.4—1.7 times.  Detailed investiga- 

tions have shown, that the aluminum particles begin to ignite 

practically on the combustion surface of the sample.  On the one 

hand, the actual absence of the agglomeration of metal particles 

FTD-HT-23-626-74 
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on the combustion surface (or close to it), and on the other hand - 

the proximity to the combustion surface and the homogeneity of the 

high-temperature flame zone, to a specific degree, promote this. 

The low level of metal agglomeration on fast-burning compositions 

once again emphasizes the role of combustion rate as one of the 

determining parameters In the phenomenon of enlarging the particles 

of a metallic additive and agrees with the general rules governing 

this phenomenon [5J• 

The general characteristics of the combustion zones of 

""homogenised" systems were obtained, besides with the use of 

motion picture photography, by employing thin flat thermocouples 

(5 um).  The application of these was justified, since the 

characteristic dimensions of the system are less than the dimensions 

of the thermocouples, but at increased pressures is connected with 

specific difficulties caused by the thermal retardation of the 

thermocouple as a result of the high combustion rate".  The 

temperature of the combustion surface of a stoichlometric 

APC-saccharose mixture (d  < 2 urn) is enual t^ 520°C at atmospheric 

pressure and 5U0°C it 5 at.  T   lies in the 2400-2600°K range and 

is close to the value of the zone temperature determining the 

combustion rate and calculated in accordance with coefficient 

ß: T . = /E/2R6 [6].  The magnitude of 6 In the range of initial 

T (from ~H0  to +50°C) and p (10 + 50 at) does not (or weakly) 

depends on  p and for the Investigated systems is equal to 
_ "5 _ 1 
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