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RATE OF COMBUSTION OF THREE-COMPONENT
MIXTURE SYSTEMS

V. S. Nikiforov, N. N. Bakhman,
T. N. Kruk, 7. P. Madyakin

(Moscow)

The effect of additions of the powders of aluminum, magnesium,
boron and others upon the rate of combustion of model mixtures
based onfammonium perchlorate (APC) [MXA] and (potassium perchlorate
(PPC) [NXH] was studied in works [1-3]. It was shbwn‘that the
effect of additions of metals 1s determined primarily by the size
of metal particles. The finely-dispersed powders of metals can, E
‘ ; dependling upon the nature of the metal, substantially increase the

rate of combustion, but coarsely-dispersed powders only reduce it.

f, In this article,” using model mixtures ofprQ + polystyrene

; i (PS) £AC] and PPC + PS, the effect of the percentage of ‘he

% addition of finely-dispersed and relatively coarsely-dispersed
aluminum 1is studied in detail. Also studied is the effect of the
relationship between the oxidizer and PS on the effectiveness of

action of the aluminum addition.
b Powder-1like components with effective particle size! - A
equal to APC and PPC to ~10 um, and for PS ~5 um, were used.
F' 'Particle size was computed according to the specific surface

size measured on the PSKh-4 instrument.

FTD-HT-23-1220-74 1
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Finely-dispersed PAK-4 brand aluminum (with a scale-like particle
form; d v 3 um) and relatively coarsely-dispersed aluminum with a
spherical particle form; d A 20 um were used.

The relationship between the owidizer and the polystyrene willl

m_/m
be designated by quantity ag = i D; g . The aluminum

m
OH r crtex

was 1introduced at constant %55 i.e., a ternary mixture was
calculated according to the principle (100-x)% mixture (oxidizer +
7 + PS, ao)

The prepared mLxtures were press¢d into cylindrical brass

+ x% of aluminum.

contalners. The obtained charges were consumed 1n a cylinder of

L constant pressure at p = 40 atm. We measured the average rate of
combustion U = h/t, where h - height of the charge, and 1 -

combustion time measurea with the aid of a quartz crystal pressure

sensor, Z = uAl/uO - effectiveness of aluminum action, where Upq

and ug - rates of :ombustion for the compounds with aluminum and
without it.
# Effect of the percentage of addition =f aluminum. It is

interesting first of all to note (Fig. 1) that with an increase

in the percentage of aluminum from 0 to 5-8%, the combustion

i u, umfeon S Fig. 1. Dependence of the rate of combus-
iy s tion of an APC + ES + PAK-U4 mixture upon
50! . px/i the percentage of aluminum in 1t at a
! | L}}% different ratio of components in the start-
AL V7 ing bilnary mixvure APC + PS; p = U0 atm.
| //u// 1= ay = 0.5 2 = ay = e a, = Qy15,
| o, SR AT <0 S Designation: cex = s.
wfzi i
| I
' i / ! ’-_J
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rate of APC + PS mixtures virtually remains constant, and for a
mixture with oy = 0.5 even a certain reduction in the rate of
combustion is observed. According tc the degree of further increase
in the percentage of aluminum, the combustion rate begins to
rapidly increase. The most rapid increase was observed with an

excess of oxidizer in the starting compound (a © 2.1 With an
aluminum content above 23%, u of %he compound with ay = 2.1
becomes higher than the rate of combustion for the compound with
ay = 0.5. For a mixture with 23 high percentage of PS (ao = 0.15),
increase in the rate of combustion according to the measure of

adding metal is retarded with a high percentage of aluminun
content.

The maximum rate of combustion (in terms of percentage of
aiuminum} in the experiments with mixtures APC + PS + PAK-4 was

not achieved; it can only be asserted that it lies at an aluminum
centent of >25%.

Besides the'rate of combustion, let us examine the dependence
of the effectiveness of aluruinum action upcn the percentage of
its addition. From Fig. 2 it follows that the effectiveness of
the aluminum is maximum for compound a, = 2.1. However, Al is

0
effective also in the compound with a high excess of PS (a =
= 0.15), which is connected with the low rate of combustion of
the starting (without aluminum) compound with o. = 0.15, which is

0
equal to 2.9 mm/s.

Let us examine the results of the experiments on the effect
of additions of coarsely-dispersed aluminum on the rate of combus-
tion for APC + PS mixtures. - The nature of curves u(Al%) (Fig. 3)
is entirely aifferent that in the case of finely-dispersed
Zluminum. Thus, for compound ay = 0.5, the rate of combustion
is reduced accerding to the increase in aluminum, for compound
ay = 1 1t virtually remains constant and only for a compound with
Ay = 2.1 does it increase, but it is substantially less abrupt

FID-HT-23-1220~74 3
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as compared w*%th the analogous curvz for finely-dispersed aluminum
(see Fig. 1).
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Fig. 2. Dependence of the effectiveness Z of the action of alu-
minum on APC + PS compounds uporn the percentage of aluminum in
mixture with a different ratio cf components; » = 40 atm. 1 -
goo= 270 2 - 0y = Qi 3 ag = B 5

Fig. 3. Dependence of the rate of combusticn of mixture APC +
+ PS + Al (20 um) upon the percentage of aluminum in a mixture
with a different ratio of components in the starting binary

mixture APC + PS; p - 4C atm. 1 - o, = 0.5; 2 - oy = L0y 3 -

0
ay = il
Let us also examin= the effect of additions of finely-dispersed
and coarsely-dispersed aluminum on the combustion of APC + PS
mixtures. Data on the rate of combustion of PPS + PS + Al mixtures

are shown in Fig. 4.

With the introduction of finely-dispersed aluminum, the
rate of combustion increases substantially, especially sharply
for a compound with a, = 2. The rate of combustion for a compound

0
with 0y = 2 becomes higher than for a compound with 0g = 0.5
already at an aluminum content of A1l0%. Upon the introduction
of coarsely-dispersed aluminum, the rate of combustion for compounds

based on PPC is decreased both when ag = 0.5, and when ag = o
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It is necessary, however, to note that for binary mixture APC +
+ PS witn ag = 2 (uO = 5,2 mm/s) it is considerably greater
than for binary mixture APC + PS with Byt 2, (uo = 11.0 mm/s).

n : Fig. 4. Dependence of the rate of combus-
i /d tion of compound FPC + PS + Al upon the

I /’ ptvrcentage ol aluminum in the mixture at a
| 4/ diiverent ratio of components in the start-
ing binary mixture PPC + PS and different
degree of dispersion of aluminum; p = 40
atims L= qo- =00 dAl o Raans 2 = o = 0,53

0 0
dA1 % 3 umi o3 - , 0,53 dAl N 20 umy 4 -
1 ag = 2 dAl v 20 um.
o 70 20 AL %
% Effect of the relationship between the oxidizer and organic

fuel. The previous section was a detailed examination of the
dependence of the rate of combustion of quantity Z upon the per-
centage of addiﬁions of aluminum for three values of ag- The
dependence of rate of combustion and quantity Z upon o, was studied

0
in detail for a mixture of 80% (APC + PS) + 20% Al (Fig. 5).

: b s : Fig. 5. Dependence of the rate of com-
£ bution of compound 80% (APC 4 PS) + 20%
: x/‘ai. Al upon APC content in the binary mix-
, 7 \ cure; p = 40 atm. 1 - mixture with 20%
}m, 20 frie PAK-43; 2 - mixture without aluminum; 3 -
: /{2 mixture with 20% Al (20 um).
10

’;*3‘ KEY: (1) APC in the binary mixture, %.
. ? ‘}4 §\x )

. S0 70 R/
r MIXA @ ocouwod cwecu, % (1)

For binary mixtures APC + PS and .2C + PS, the maximum of the
r- rate of combustion lles at substantial excess in polystyrene

} FTD-HT-23-1220-74 5

e

i



J
/
J
|
4
|

|
oL
|

{

i

(ao = 0.5) [4]. with the introduction of 20% finely-dispersed
aluminum, curve u{APC, %) rises upward and moves to the side of
high oxidizer content. If 20% of coarsely-dispersed aluminum is
introduced, then the maximnum on curve u(APC, %) also moves to

the side of high oxidizer content; however, an increase in rate of
combustion is observed only with an APC content in the starting
mixture of >90%, and with an excess of PS the coarsely-dispersed
aluminum only reduces the rate of combustion.

Discussion of the resu’ts. The effect of aluminum on the rate
Of combustion is connected with the expenditure of heat in heating
the aluminum. particles and with heat release on account of

particle combustion in the area of influence.

The first factor leads to a reduction in the rate of combus-
tion, the second - to its increase. The competition of heat
transfer and heat arrival determines how the rate of combustion for
the mixture upon introduction of aluminum additions will vary
B, 2ulk

Let us examine, froin this point of view, the basic results
of this work. It is known that the ignition of the suspended matter
of the metal particles is relieved when their concentration is
increased. Therefore, 1f the percentage ¢’ aluminum addition is
small, then the particles only absorb the heat to heat themselves
up, and their ignition and burning occur rather far from the
charge's surface. Correspondingly, the rate of combustion of the

mixtures does not increase and is even reduced.

With an increase in percentage content of aluminum, the
particle ignition time i1s decreased, which leads to more complete
combustion of the aluminur within the limits of the zone of
influence and to an increase in the rate of combustion.

FTD-Hi-23-1220-74 6




With the change of the mirture's composition, there 1is a
change in the medium in whilch the particles are ignlted and burn.
It 1s natural that an 1ncrease in the content of oxlidizer in the

starting mixture (i.e., an increase in ao) is a favorable factor.

Coarsely-dispersed partlcles are difficult to ignite and burn
slowly. Therefore, with the addition of coarsely-dispersed
aluminum, the rate of combustion 1s reduced. Only compounds wilth
a high excess of oxlidizer, where an incvrease in the rate of
combustion even with additions of coarsely-dispersed alumlnum is
observed, are the exception.
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