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COMBUSTION OF MIXED "HOMOGENIZED" SYSTEMS

T W. Frelov, A. I. Korotkov, and
V. F. Dubovitsikiy

Mosecow

The combuction of mixed condensed

systems depends on a number
of parameterc, including the dispers

ity of the components [1].

A mixture of readily decomposing combustible and oxidizer has
two limiting cases

8! a) combustion “long the oxidizer and
combustible grain interface; b) a kinetiec regime of homogeneous

gas mixture comtustion {of premixed decomposition products). The
first conditlon is fulfilled, when the zone of complete mixing of

f the Initial components (h) 1s much
greater than the zone of their he

the gasification products o

ating to the temperature of the

berinning of the reaction (1). The second regime exists with

the opposite reiationchip between h and 7. In both cases Lhe rate

atlion increases practically linearly
with pressure., (Contact combustion 1s characteristic for hlgh
pressures and large oxidlzer particle dimensions; homogeneous
combtustion for finely dispers

of' normal flame front propag

sed systems and low pressures.




. L. Motion picture frames
the combustion of a stclehliom
metric APC-saccharoae ayvstem:

a) AFC particle dimens ions

d = 200-330 um \phoLogrdph of

the end plane; b) d . < 2 um,

Figure 1 shaows fiien-speed niotion plcture frames, which
illustrate the combustion of a mixed stolchiometrie ammonium
perchlorate (APC) -saccharose syctem in the two limit ting cases.

The contaet combustion resime of the mixture with the oxidizer
i, % 200-300 um 15 chewn in Fig. 1a. Between the Individual Arc
id the zaccharoze ¢rvstals burnt places are distinetly visible;
they form a highly developed combustion surface. The flame frant
consists of individusl brizht tongues of flames merging into one.
In contrast to this mixture the composition with the componer.ts
d <2 um In the isw pressure range nas a very flat surface
I, 1b). A "dark zone" Immediately wdjoins 1t, whose dimensions
decresze sharply with precsure, A heh-temperature luminocus

flame zeone is gltuated atove,

chever, In the most reneral 228 continulty [?, 31 exlistes
beiween the indlicated limt ting combustion recimes of the condensed
niviures, With a variation in prescure the contact comtustion

reslme can go over into the homoumeneous combustiocn regime angd
Vi versz, The ransition condition 1s determined v the variation
1

n the re]ationr&ip between the mixing zone and the reaction zone.
L

lon vroeess 1o rradual,. Tts toundary with respect to

Lressure depends on the dlspersity of the conporents:  the smaller




a particle is the meore it 1s dilsplaced in the high pressure range
and vice versa, Flgure 2 shows the dependences of normal combustion
rate on the pressure of the APC-saccharose system for three
dirfTerent degrees of component mixing. It is easy to see, that for
laminar system (1) the disruption range for contact combusticn
v=azlne approxlmately in the reglon of 20 at and below (the
humegeneous combustion range vegins when p < 0.1 at). At the

same time, for a mixture with flnely ground components (3) the
ilsruption of the homogeneous combustion regime (the range of

purely contacst ccmbustion, apparently, zets in at pressures above
occurs In this same pressure range. The rules
governing purely contact combustion (the combusticn of laminar
systems) were examined in detaill in work [4]. Below, we wlll focus
cur main attention cn the combustion of "homogenlized" systems
cttained by prolonged jolnt grinding of the components in a medium
0 inert liguld on a vibratisn stand (the diameter of the particles
is less than 2 pmj).

*Fig. 2. The dependence
of the combustion rate

o 18
~ mE of a stolchliometric APC-
B ol saccharose mixture on
ot pressure: 1 -~ laminar
o> ”F system (layer thickness
2531 145 . & =
“‘5_‘1. of 140 um); 2 dDH 10
b & puri; 3 - d < 2 um,
C’L/A OH

GOSN WG B W

D, at

tne combustion of simllar types of "nomogeneized" systems
taker place at a rate attalning 25-35 ni/s 2nd more (at a pressure
of 30=-4G at), The f
reduction in particle dlameter 1s known [1]. However, the fact,
that the =2 t
components exceeds by U4-% times the com:austion rate of similar

ct of the increase in ccmbustion rate with

o0

)

mbantlon rate at suen a degrz2e of pulverization of the

{

syotems with The conventlonal employed dispercity cf the compchnents
fd = 20-100 um) is very remarkable and =onclderably extends the
limites of the variation in the normal combustion rate of mixed

systens exclusively only due to the variaticn In particle dimensions,

La
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Fig. 3. The dependence of
the combustion rate of an
APC-urctropin mixture on

pressure: 1 = dOH = 140-320

um; 2 - doK < 2 uin,

3 = APC-urotropin

(£0/15) + 5% Fe203 (dOM < 2

; pm); 4 - APC-urotropin
(75/15) + 10% Al (dON < 2 um).

1020 40 170 100

It has already been indicated =i ve, that the surface and the
combustion front of "homogeneized" mixtures are to a considerable
extent uniform. This makes thece types of mixtures very attractive
for the carrylng out of different types of thermophysical measure-
ments, for ascertalning the pecullarities of the effect of catalytic
agents, and finely dispersed metals, etc., on the combustion orccess.
Fig. 3 demonstrates the effect ol *the ratalvita agent Fe203 and of
finely dispersed aluminum on tne combustion rate of a model
APC-urotreopin mixture. In ocplte of the high level of the normal
combusticn rate of the originel system (dOH < 2 um) the presence
of a catalytic agent introduc

PO

d intc the mixture during the stage

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

1]

the activity of the catalytic agent Increases with pressure: 1in
the 70-100 at precsure range the increase in rate due to the
{ntroduction of the catalytic agent 1s 30~35%. This fact shows,

Pnet @Yt undor Uhh eshAl0lEEE &80 B Fhst-Rurmline ayoiam the
ratalytlce agent ls not an inert material, but 1is capable of

actively affecting the combuction process. The effect from the
introduction of aluminum into the compesition of "homogenized"
systems is alsu considerable., Upon the introduction of 10% finely
dispersed aluminum into a APC-urotropin system the combustion rate
of the ccmposition increases by 1.4-1.7 times. Detalled investiga-
tions have shown, that the aluminum particles begin to ignite
practically on the combustion surface o the sample. On the one
hand, the actual absence of the agglomeraticn of metal particles

FTD=HP=23-626~T4 l




on the combustion surface (or close to it), and on the other hand -
the proximlty to the combuntlon surface and the homozeneity of the
himh-temperature tlame zone, to a gpecific degree, promcte this.
The low level of metal agpglomeration on fast-burning compositions
once agaln emphaslizes the role of combustion rate as cone of the
deternining parameters In the phenomenon of enlarging the particles
of a metallic addltive and aprees with the general rules governing
this phenomencn [§].

The general characteristlcs of the combustion zones of
"romogenized" systems were obtained, tesides with the use of
motion plaeture photography, by employling 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 thermocoupies, but at increased prescures is connected with
arec!fie difficulties canced by the thermail retardation of the
voermocouple as a resull of the high combustlion rate~. The
remperature of the combusticn surface of a stolchiometric

APC-saccharose mixture (dou < 2 um) 1s equal to 520°C at atmospheric
prossure anid Suﬂ”h At 5 at, TMHH lies in the 2400-2600°K range and

1s eclose to the value of the zone temperature determining the
combusntion rate and calculated in accordance wlith co:fficient

Bz Wy, = vE/2R8 [6]. The magnitude of B 'n the range of initial
(from -840 to +50°C) and p (10 + 50 at) does not (or weakly)
depends on p and for the investigated svotems 1s equal to

(1.5«2.2)+10 -3 deg .,
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