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FOREWORD

This document is a machine translation of Russian

text which has been processed by the AN/GSQ-16(XW-2)

Machine' Translator, owned and operated by the United

States Air Force. The machine output has been fully

post-edited. Ambiguity of meaning, words missing from

the machine's dictionary, and words out of the context

of meaning have been corrected. The sentence word

order has been rearranged for readability due. to the

fact that Russian sentence structure does not follow

the English subject-verb-predicate sentence structure.

The fact of translation does not guarantee editorial

accuracy, nor does it indicate USAF approval or dis-

approval of the material translated.
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THE QUESTION ABOUT XICHANISK OF INFlMENCE OF LIQUID LATE
DURING HURNMIG OF MIXED SYSTDM

A. P. G1.skova

During study of burning of mixtur, of ainoniun perch.orate (dimnsion of par-

ticle* < 250 1) with paraffin it was established C.1J that dependence of burning

rate on pressure has two parts,: in first part to 300 ata, burning rate grows

with pressure according to law On - Bpv, where Y = 1; ard second part, starting

from 300 ata, where rate grows by linear law. This contradicts usual presntatiom

about burning of mixtures, and also hypothesis exoressed by O. I. Leyounskiy L2j,

according to which dependence of Wining rate of mxtcure of saltpeter with carbon

should decrease with growth of pressure, when diffusion mchanisma becoms leading.

Ij Still more paradoxical is the fact that addition to asonium perckiorate of cer-

S tain fuels (coke, polymethylumthacrylate ZlJ ), lsading to increase of maxiam

(calculated) tonperature of burning*, not only does not increase rate of its burn-

ing In significant rane of pressuras, but, on the contrary, leads to its decrease.

This circumtance forces the assumption that in shown cases rate of process is

*By calculation carried out by I. A. Toreshkin, teserature of burniig of
aniua perchlorate is 15800 K; temperature of burning of its stoichiomtrical
mixture with coke 1. 3390 K, with paraffin-32800 K.



determined by transformations of the ammonium Derchlorate itself and subsequent

reactions with fuel have no influence on it.

Burning rate of mixtures of ammonium verchlorate with paraffin, significantly

larger than that with coke, gives a basis to assume that essential factor detardin-

ing burning rate of mixtures, is, besides reactionary dbilities, physical pror-.*-.

ties of fuel and oxidiser, and in particular, their ability to malt while burnir .

If the oxidiser itself during burning changes to th6 liquid state (for example,

perchlorate of potassium, due to forming of melted KI)., nature of fuel, supposedlry

has no effect on the character and rate of burning of mixture.

To check this assumption we investigated mixtures of oxidisers with fuel which

possessed various physical properties and namely, with fusible and infusible fu,.l

In order to exclude influence of chemical properties, exneriments were also done

with mixtures in which as fuel there was used diirnthacrylatc .triethyleneglycol in

the form of a monomer (liquid) and tolymor (hard, infusible, vitrious ccrnound).

Stoichiomtric mixtures were pressed in nortions in plexiglas oipes with an internal

di, ter of @7 mm, and wall thickness of 1 m to densities near to theoretical;

height of column of substance was more than three diameters. Dimension of nar-

ticles of components in the case of mixtures on the base of anmonium Verchlorate

was <2504". Rates and nature of burning were determined znhotogranhically, as

was described earlier Z'J. Exoeriments were conducted in a cylinder of constant

oressure in an atmosphere of nitrogen.

As can be seen from Figs. 1 and 2, all studied mixtures of ammolium perchlor-

ate with liquid or fusible fuel (paraffin, diuethacrylate-triethyleneglycol, dyne)

burn faster thtn ammonium perchlorate, but mixture with infusible fuel (coke,

* Coabustible and oxidiser were sifted through sieve 025. Mixing of components
was done manually using rubber cork. Paraffin mixtures were prepared by mixing
oxidiser with solutior of paraffin in gasoline "overshoe", which then was com-
pletely evacuated.



polYthy1mthacry1ate, polymer dimthacrylate..tiethylemglycol, naphthalen*,

urotropine,, collulo.) bun in significant range of pressures with maller si,.ds

than amoniua perchlorate itself. § do not consider here region of pressures

from 160 to 500 atm, in which burning of perchlorate (at a diameter of sanv1es

without shell which is larger than the critical diamter) is unstable and Droceeds

with soeed..7 - 1.0 g/cz 2 sec. At pressures of 750, 875, and 1000 atm average

rate of stable burning increases to 3.3, 4.2, and 7.7 /= 2 sec, reovectivelyj

On. 9.t/ce'. a.

F i . . i . 2- 6

Fi. 1. Dependence of brnn rate on presure for mixtures of amnium pechor-

ate with fuible fuel.u () an'um, erchorate in plexg las ipes, (2) with
paraffin, (3) with dimthacrylate-trethyleneglycol, () with dyn (dimnson of

rtl 
u, 

of ozidier >0- < 0)

ParKiY: (a l sec; (b) k&cm2 .

Fig. 2. Dependence of burning rat. on presue for ixtur--es of erhlorate of

amnium with infuible fuel: () perchlorate of aamnium, (2) with coke, (3)
with cellulose, () with naphthalene (easily ublimted), (5) with urotropine,
(6) with olynr itbacrylate-triethylenelycol. Dinsion oni abscissae:

p,kgci
KEY: (a) g/cm2 .sec.; (b) k .m

of mixtures with infusible fuels the granular tructure of front of bunin, inher-

ent to the actual perchlorate of amnium is kept local; front of burning €onits

of seprate mcro-flahes (see F i. 3), and in ca e of bu n n of mxtures with

*18I ited, but is easily sublimated.
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paaffin, for example, for surfaos there is evident a brighter luminetcenee than

for the reininng flame, a sow of noticeable thickme", decreasing with increas

of pressure and disappearing at a pressure of- 700 atm.

Stoichionetric mixtures on a bas of perchlorate of potassium (dimension of

particles > 0ILand < IOOA) both irith liquid and fusible fuels (paraffin,

dimthacrylat.-triethyleneglycol), and with infusible (naphthaline, volymer

dimethacrylate-triethyleneglycol) burn with close velocities, whose law of burning

can be expressed in first order of aoproximation by an equation of the tyoe
2 2

UN - 0. 03275 p ( CUx.7 g/cz - sec, CpJ kg/m )

Brning of stoichionstric mixtures of atonium nitrate with the monomer and

polymer of dimthacrylat-triethyleneglycol was also studied. These mixtures do

not burn at pressures below 350 ata, and in range of pressures from 350 to 1000

atm burning rates of these mixtures are practically identical**. Mixtures of

heated saltpeter with the indicated monomer and polymer also do not burn at 350

atm.

When studying the combustion of mixtures one should take into account, first,

the ability of one or both comoonents** to burn indevendently, and second, their

ability to change to the liquid state. What role can fluidity or fusion play

during burning of mixture? Main distinction of mechanism of burning of mixtures

considered by Anderson Z3J and Chaiken Z-47 from mechanism of burning of indiv-

idual explosives (W) considered by A. F. Belyayev and Ya. B. Zel'dovich f57

consists in the following. During burning of individual VY, heat emitted in the

gas Dhase is transmitted directly to the surface of the condensed phase.

*This can be connected both with ability of the actual saltpeter to melt
and also with the fact that dimension of particles of saltpeter in our experiment
(< OO ) was of the same order as the thickness of sone of he&ting (OOP) at 200

atm, for example, for aatole 80/20.

***In the case when one of components of mixture is able to independently burn,
regularities of its burning cannot help but affect regularities of Wrning of six-
ture.
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During burning of mixtures in condensed phase there is first of all heat

from gas reactions proceeding near surface of particles (as result of decouposi-

tion of oxidizer). From zone with naxilum temperature, due to remoteness of

this zone from surface, and also presence near particles of primary oxidizer,

or, as R. F. Chaykin calls it, "buffer" flame, heat is practically not transmitte l

to the condensed phase and does not introduce therefore its own contribution to

the burnIig of system. This phenomenon is analogous to that which was observed

during burning of liquid nitroglycol C6], when appearance of "secondary",

"hotter" flame did not influence either burning rate of its dependence of it on

pressure,

k OW

Fig. 3. Photographs of burning of perchlorate of amonium and
its mixtures at 200 atm: a) with coke, b) pure,

c) with paraffin.

If during burning of mixture, fuel, for example, is able to change to

liquid state. then the liquid formed will envelop srface of particles of oxidi_ or

Every particle of oxidizer in zone of rection in this case will be in contact not

with separate particles of fuel, but with layer of melting of definite thick-

noess

Transition into liquid state involves, as it were, "crushing' in the course

of burning of one of the components to very small dimensions--practically to

separate solecules, as a r;sult of which their reaction ability is sharply-



increased. Gsedus products of primary reaction of disintegration of oxidizer

have to pass through layer of melt formed, giving to it part of heat and forcing

it partially to decompose or to evaporate. Zone with maximum temperature in

this case will be located nearer to surface of condensed phase*. Heat from this

zone can be now transmitted back into condensed phase, since surface of oxidizer

is not altogether bare, and buffer flame enveloping it either will not be forned

at all (if thickness of zone of melting is larger than dimension of particles) or

its role decreases. Schematically this is shown in Fig. 4.

Thus presence of liquid phase during burning of mixture partially or com-

pletely liquidates buffer flame and moves zone with maximum temperature to sur-

face of condensed phase, which involves increase of temperature in zone of reac-

tion for surface of condensed phase. In brief, depending upon physical proper-

ties of components, the system (fuel-oxidizer) can burn either as mixture or

analogously as individual VV; and since for majority of individual VV studied by

us dependence of burning rate on pressure is near to linear, this allows explana-

tion of linear section of curve u = (P) during burning of paraffin mixture.

Alternate path of transformation of mixture into "individual" explosive is

realized for sufficiently small dimensions of particles of components of mixture;

it was considered by N. N. Bakhman E7J7. Indeed, our experiments showed that a

stoichiometric mixture of perchlorate of ammonium (dimension of particles I-jolt)

with gas black burns according to linear law UM 0 0.13 + 0.0l15 p in range of

pressures to 350 atm. In accordance with the above, dimension of particles of

*Preliminary experiments on defining burning temperature of mixtures of
ammonium perchlorate with low-melting monomer (m.p. = 520) and its infusible
polymer were conducted by our request in laboratories of P. F. Pokhila; they
showed that in case of mixture with monomer, distance from zone with maximm
temperature to surface of condensed phase at all studied pressures (20, "1O, 60
atm) is less than for mixtures with polymer in these conditions.

Author takes this opportunity to express gratitude to V. M. Mal'tsev for
carrying out these experiments.



oxidizer .rst be reflected- in Orning r4tes, of.,vixture in smaller degre. if fuel

is easily melted, than in the case when fuel is infusible.

In Fig. 5 are data of experiments on influence of dimension, of particles on

burning rate of mixtures of ammonium perchlorate with fusible monomer (m.p. = 52")

and its infusible polymer. Solid curve without points shows UM = f(p) for mr.o

with polymer- with dimension of oxidizer particles <250o; curve 3 refers to the

same mixture, but with dimension of particles of oxidizer J-I'0. Burning

rates of mixtures differ by approximately two times. Dotted curve depicts

IJ
.J. 30MO C MeCwu:oC, od

meNnepomyped

, l'asoo6pomile npo5.i. 3ona C MOKCUI

e/ ,rmbi ouCe/nmenmo- mGabHoIo memne-
~L IocCmoHoguffmehNb'X wA4 pL~eam4uli ipcnade A PaAmIPf 1

epy•' ( - -flpodyrm
O'C nGRI ONwC.i7uM7eQ U.O~P/O'lze

5, meflb ufa/ Joa

Fig. 4. Schematic image of burning of mixtures: (a) with formation
of a buffer flame per Andersen E32; (b) without formation

of buffer flame, due to presence of liquid component
KEY: (a) Zone with maxinum temperature; (b) Gaseous products of
pyrolysis of fuel; (c) Gaseous products of oxidation-reduction reac-
tions of decompositin; (d) Proucts of decomposition of oxidizer
and fuel; (e) Zone melting; (f) Oxidizer; (g) Fuel; (h) Buffer flame.

UM = f(p) for analogoun mixture with dimension of particles NH C10 <250R, but

with monomer, and curve 2-U = f(p) for mixture with monomer for dimension of

particles of NH4ClO4 , equal to I-10p . From the figure it is clear that in case

of fusible monomer burning rates of mixtures practically coincide, in spite of

the fact that dimensions of particles of oxidizer strongly differed from the

viewpoint expressed by our hypothesis that it is possible to consider influene-

-7



of dimeslwon of, particles during burning of mixtures with liquid or fusible>,

components as a result of increase or decreas of role of buffer flaM d 1rimg:

bung of mixture. Incidentally, it is nrcessary to note that increase of

u /c a. {Fig. 5. Influence of dimension of par-
ticles on dependence of burning rate on

9-1 pressu-e: (1) NJC;DL, dimension of par-
OZ tic].. I - to 1 - (2) )VH4 Cl04 (dimension

of particles 1-o P) + =nomsr; (3)
-5NH 4Cl 4 (dimension of particles

+ polymer; (4) NHLCl04 j,< 50 P') With,
monomer; (5) NHj1CIO4, <A< r,) with poly-.

so /o /SZXZ53XwJOpYVC ) rU (a) 2/cA2 • sec; (b) k/a2

pressure leading to decrease of thickness of heated layer, will lead (at constant

dimension of particles) to relative increase of dimension of particles in compari-

son with sone of heating. Disappearance of bright luminescent stripe during burn-

ing of paraffin mixture at 700 atm can be connected with this influence.

Author considers it his pleasant duty to express gratitude to K. K. Bobolev,

in whose laboratories experiments were carried out, and also to his own comrades

in the work, L. G. Bolkhovitinov and A. D. Margolin for discussion.

-7 Conclusions

h the burning of mixtures on a base of perchlorates of

ammonium and potassium with fusible and infusible fuel in range of pressures of

1 - 350 atm. If while burning, one of the components of the mixture changes to

the liquid state, then the mixture burns according to a mechanism similar to the

mechanism of burning of individual explosive substances.

fv thesis is expressed about mechanism of influence of liquid layer

during burning of mixture system.C)

Academ of sciences of USSR Subitted
Institute of Chemical April 9, 1962
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