AD-770 476
THE EFFECT OF SOLID OXIDANT ADDITIVIES
ON DIFFUSION BURNING OF POLYMERS IN AIR
L. I. Aldabaev, et al

Foreign Technology Division
Wright-Patterson Air Force Base, Ohio

7 November 1973

DISTRIBUTED BY:

National Technical information Service

U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




b e s

Unclassified
Security Clsasification
DOCUMENT CONTROL DATA-R&D

(Socurlty classilication of titls, body af abdatract and indaxing annotetion muet be entared when the overall report ls claseltied)

1- ORIGINATING ACTIVITY (Corparele su

Forelign Technology ﬁTﬁision
Air Force Systems Command
J. S. Alr Force

20, REPONT SECURITY CLASBIFICATION

Unclassified

2b. GROUP

3. REPORYT TITLE

THE EFFECT OF SOLID OXIDANT ADDITIVES ON DIFFUSION BURNING OF POLYMERSY
IN AIR

4. OEICRIPTIVE NOTES (Type of report and inciueive dates)
Translation

§. AUTHORIS) (Firet name, middle initial, (ast name)

L. I. Aldabayev, N. N. Bakhman

S REPORTY OAYE

Ja. TO NO. OF PAGES 75. NO. OF REFS
1972 /4 3

v ]

J 88 CONTRACT OR GRANT NO.

d4

s eroszctTno. APSC, APSE FTD-HT-23-642-74

s8. ORIGINATOR'S REPORT NUMBER(S)

80, OTHER REPOXRT NOLB) (Any other nunbere that may be eesigne {
thie report)

10. OISTRIBUTION STATEMENT

Approved for public release;
distribution unlimited.

11. SUPPLEMENTARY NOTES 12. SPONTORING MILITARY ACTIVITY

Foreign Technology Division
Wright-Patterson AFB, Ohilo

20

15 AGSTRACY

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

iment of Commaerce
ot %::‘:ion’q‘ield VA INSR

4

DD

.'..%"3‘..1473 i' Unclassified

Security Classification




N TV Y AT r " . e e

1
e
¥

FID-HT- 23-610-71

hid

i EDITED TRANSLATION

FTD-HT-23-€l42-74 . 7 November 1973

] THE EFFECT OF SOLID OXIDANT ADDITIVES ON DIFFUSION
E BURNING OF POLYMERS IN AIR

; By: L. I. Aldabayev, N. N. Bakhman

English pages: 9

Source: Goreniye 1 Vzryv, 1972, pp. 132-136
4 Country cf Origin: USSR

Translated by: MSgt Victor Mesenzeff

Requester: FTD/PDTA/ G. W. Roberts

Approved for public release;
distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT, STATEMENTS OR THEORIES PREPARED BY:
ADVOCATEDORIMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY Di. FOREIGN TECHNOLOGY DIVISION
VISION, WP.AFB, OHIO.
/
HD'HI' « 03_GUO_7U a Date 7 nNov 1973




SR

: All figures, graphs, tables, eguations, etc.
: merged into this translation were extracted

from the best guality copy available.

FTD-HT-23-642-T4




AT TP O T T O G PRI T UPR, | RO T A R e

LR i st P Rl B M

U. S. BOARD ON GEOGRATHIC NAMES TRANSLITERATION SVST

Block Italiec Transliteration Block 1Italic Transliteration
A a A a A, a P p P p Bs T
B 6 B 6 B, b cC ¢ C ¢ S, s
B » B o vV, v T 7t T m T ot
] rr r s G, g Y y Y y U, u
' anx Y/ D, d e ¢ @ ¢ F, f
E e E ¢ Yo, ye; E, e* X x X «x Kh, kh
K o x M Zh, zh U u y y Ts, ts
3 3 Z, 2 Y Y v Ch, ch
H u H u EI; i W w U w Sh, sh
A a 7 Y, ¥y W w I Sheh, sheh
K x K «x K, k b 3 L % "
A n T 2 Ly 1 Bl u & Y, ¥
M » ¥ M M, m b b b !
H =« H x N, n 3 o 3 9 E, e
O o 0 o 0, o 0 ©» O » Yu, yu
N n 7 n P, p A = A a Ya, ya

* ye initially, after vowels, and after %, b; e elsewn-ve,
When written as 8 in Russian, transliterate as y& or ©,
The usc of diacritical marks is preferred, but such marks
may be omitted when expediency dictates,

FTD-HT-23-642~7l iQ,

T am—_— B e e e S . i e o o




s

THE EFFECT OF SOLIN OXIDANT ADDITIVES ON
DIFFUSION BURNING OF POLYMERS IN AIR

L. I. Aldabayev and N. N. Bakhman
(

The rate of diffusion burning (w) of liquid fuels (in cylindri-

cal pipes) or ceres of solid fuels in a gaseous oxidizer increases

consliderably with a decrease in the core diameter and with an

increase in oxyge:n ccncentration. The atsolute value of w 1s very

small; for example, for kerosene burning in air, w = 0.15 + 0.08
mm/s at 1 at and 6 + 8 mm tube dinmeter [1]. Very little study
has been done on the pressure dependence.

In contrast, the

with solid oxidiz.rs

burning rate (u) of mixtures of sclid fuels
depends only slightly on the diameter (if it
d4 composition of the ambient gas, but usually
is substantially dependent cr pressure. The absolute val. =2

is not too small) an

of u is
at least one order higher than that of w for so0lid fuels [2].

For a number of problems it is of interest to observe a
transition from the first mode of burning to the second with the
introduction into the fuel of gradually increasing additions of
solid cxidizers. In this paper such a transition 1f observed
during the addition of ammonium perchlorste (APC) to polymethyl
methacrylate (PMMA).
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PROCEDURE OF EXPERIMENTATION

Powdered FMMA (~3 u) and APC were mixed on tracing paper with
a rubber plug for one hour. Cylindrical charges 6-12 mm in diam-
eter and 7-15 mm in height were pressed from the obtalined mixture.
The relative density of the charges was 0.95-0.99.

Tests were carried out in alr at atmospheric pressure on an
installation which allowed us to measure the mass burning rate
(m_ s g/cm2°s) with the aid of an elastic element and strain
gauges [3]. A flexible steel plate (elastic element) with strain
guages attached to it wus rigidly fastened at one end, whille the
studied sample was placed on the other end. The variation in welght
of the sample changes the deflectlions of the plate and the re-
sistance of the straln gauges, which 1s recorded by a straln re-
corder and an oscillograph. In order to obtain a flat burning
surface the sample was tlown with a stream of air parallel to the
lateral surface of tne sample. Ignition was accomplished by a

Nichrome spiral which did not touch the specimen.
TEST RESULTS

Periodic two-stage burning was observed for compositions with
a large excess of fuel. Due to the air's oxygen, the initial
burning is that of pure fuel (PMMA). In this case the surface
layer i1s enriched with an oxidizer, prcdi cing a mixture which,
under these conditlons 1s capable of burning as a result of 1ts
own oxidizer. This mixture ignites at a certain moment, followed
by the combustion oi the crganic fuel, then another ignition, etc.
It should be noted thiat each composition has its own characteristic
time (1) between ignitions, depending on the dispersion of the
APC and which diminishes as the welght portion of the ozidizer
(XOH) in the mixture increases (Table 1).

With a certaln sufficiently large oxidizer content (xgH) the
mixtures begin to burn in one state due to their own oxidizer

PTL=-HT-23-642-TH
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Table 1. (i.e., burning occurs under the burning
T, s for APC of
the following

fractions: These mixtures correspond to the upper

conditions of concentrated mixtures).

L concentration limits of burning of con-
1270 9 u
densed mixtures (critical mixture).
0.1 19,2 8.0
0.2 . 84 7.2 For coarsely dispersed APC the value
0.3 4.9 6.3 of x;H is ~0.6, while for finely-dispersed
04 20 50 APC it.1s ~0.75. 1In this case the mass

burning rates are 0.035 and 0.068 g/cmz-s, respectively.

It 1s necessary to note that a region of unstable burning,
where it is extinguished after one-two cycles, lies between the
regions of two-stage bur..ing and burning under the conditions of
condensed mixtures. For coarse APC this region lies in the range
of 0.4 < Xou < 0.6, while for fine APC 0.5 < Xgy < 0.75.

Let us now exumine Iin detail the effect or X y ©n the value of
the mass burning rate in the region of two-stage burning. The
values of the mass rates are presented in Table 2.

Table 2.
2 P
m.., g/em”+*s for APC of
i
the following fractions:
ok
1270 H 9 u
0 0.00M73 — 0.00175 —
0 0002000202 (1) | .27 000001 (1)
02 D035 0,005 (1) 0,5G25 00024 (1)
05 0.0138/0,0033 (1) n.0036 0,0029 (1)
0.4 0,00:6,0,0035 (1) 0.L040 0.0035 (1)
04 = 0060 0,079 (1)

Note: The lines 0.0020/0.00202
(1) - consist of tie eXperiment
date - 0.0020 - and values calcu-~
lated by the corresponding
formula - 0.00202 (1).

FTD-HT=-23-642-74 3




It 1s seen from Table 2 that tre burning rate increases mono-
tonically with an increase in the APC fraction; moreover, the

nunerical values of the rates are higher on the coarse oxidizer
than on the fine.

DISCUSSION OF THE RESULTS

1t is possible to propose a simple theoretical model of two-
stage burning. We will assume that for such mixtures, the firt
to burn out is the pure fuel (PMMA) at a rate m_.. After a certain
time there is ignition of the critical mixture, i €., the mixture

correspending to the upper concentration 1limit of burning at a
rate m¥,

Let us assume that the weight fraction of the oxidizer in the

original mixture is equal to Xou? while the weight fraction of the

fuel X = 1l - Xy The portlcn of the fuel (x;), which burns due

to APC is determined from the relationship kﬁ;;-rkﬁr_, Accordingly,
te = Yox

a portion of the PNii whicn burns due to the air's oxygen, is

equal to 41— '» The characteristic burnout time for the PMMA is

R

7 LI

equal to _“;lﬁw while the ignition time is correspondingly equal

M,

Yok

1
(¢1H
to = T

Based orn this the expression for the mass burning rate of the
mixture will have the followin,” form:

N — , (1)




where m_ and m* are taken from the experiment.

The mass rate of the mixture, calculated by formula (1), is in

good agreement with experiment (see Table 2).

In this model it is assumed that the oxidizer 3s burnt in the
critical mixture composition together with a corresponding amount

of fuel.

The increas: in the combusttion rate of PMMA, with the

Intrcduction of the oxidizer additive, is due to the fact that :the

burning rate of the critical mixture is one order greater than that
of diffusion burning cf pure PMMA,

However, the burning rate of PMMA can also be increased if we
Introduce additives which, even though they do not react with the
fuel, are gasified at a rate which considerably exceeds that of the

diffucion burning of PMMA.

Table 3 shows data on the effect of the

easily gasified ammonium bicarbonate and ammonium chloride additives
on the burning rate of PMMA (the data for APC are also given for

comparison).

Table 3.
= m__ for the various additives
O 1w E
£ T2 NILCI NH,HCO; NH.CIO,
el 200—300 M 200—300 | 9y
0 0.00175 00175 000175
3 000206 0,00205 0.00203
5 0.0022 0,00209 0,0021
7 0,021 —_ —
10 0.00175 0,0023 0,0022
15 Does not burn 0,0024 Does not burn
20 - 0,0023 0,0025
K\ — He ropur 0,0036




In essence, both these additives are inert diluents and they
decrease the heat of combustion only for the PMMA.! 1In addition,
the gasificaticn products of these additives (HEL; COO, and H O)
dilute the reacting mixture (this problem is analogous to that
concerning the drop in burning rate when the percent c¢f oxygen in
the ambient air is decreased). With small percents of additives
NHuCI and NHuHCO3 the increase in the gasification rate plays a
decisive role, while dilution has only a slight effect. Thus,
with an NH,Cl content up to -5% and NHuHCO3 up to ~10% these
additives increase the burning rate of PMMA to the same degree as
thC10u (Table 3). However, with a further increase in the percent
of NHuCI or NHAHCO3 the effect of dilution becomes the determining
factor and the burning rate begins to drop right down to extinction.

In addition to the turning rate our attention is drawn to the
frequency of ignitions cuserved during burning. Let us examine the
case where a coarse oxidlzer was added, where we can assume that
each crystal of the oxidizer (together with t.e¢ attached layer of
fuel) ignites individually.

1o obtain the expre-zion for the time interval 1 between
lgniticns, we will examine the burning of the sample with diameter

D. The number of oxidizer particles per unit length of the sample

D . e
is equal to 3' d»°" (here d - diameter of the oxidizer particle;

FOK
P and po, - density <f the mixture and oxidizer). When a sample
¥ I
burns at an average mass rate m, the time between ignitions will be

O g (2)
3 D Tok My

-
-

'The rated heat of NH;Cl combustion due to the air's oxygen

is orie orders lower than that of hydrocarbtons. We were unable to
ignite in alr either NHuCl or NHHHCO3.




In the case of the addltion of fine PKhA the tests have shown
that the ignition engulf the entire end of the sample and that
the mass of mixture, consumed during <he ignition, decreased! with
a decrease in s - Thus, it 1s possible to examine a simple model
where it 1is assumed that the time between ignitions is determiped
E by the burning rate of a characteristic layer of mixture having
: the thickness g* (where a - thermal conductivity, u* - linear
combustion rate of critical mixture). The excess of PMMA, which
; 1s equal to

a Lo
P‘u';':(l - _;'L)’
K

is burned out first, followed by the amount of critica] mixture,
which is equal to

W R

a

Peu-— -

i G
u* '

IOK

The time between lgnitions is equal to

Yool e
Laay, Low:
g ‘r,‘:..,’f.(—__.___’_..*.- " (3)

utomy me

The values of 1 calculated by formula (2) for a coarse oxidizer
(with D = € mm) anj by formula (3) for a fine oxidizer (a 2 0.5 «x
x 13-3 cmz/s), are in good agreement with experiment (Table 4),

'This can be evaluated indirectly from a recording cf the
plate vibration amplitude on an oscillogram at the moment of
ignition. When x = 0.5 this amplitude 1s 21 mm, on the average,
and when x = 0.1 it is only 3.5 mm.
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Table 4.

T, s for APC of
the following
Oxidizer fractions:
% .
1270 U 9 U
1 10,2218 (2) |80 7,52 (3)
2 SE85D) Jronens oy
a0 1337 6O AT
40 2022 5047303
=0 = IAVAu(M

Note: The lines 19.2/21.8
(2) - consist of the ex-
periment data - 19.2 -

and the values calculated
by the corresponding
fermula - 21.8 (2).

CONCLUSIONS

1 1. It is shown that when APC is added to PMMA the rate of

combustion of PMMA in air is increased considerably.

2. Mixtures of PMMA with 40-50% APC burn in air in two stages.
The portion of pure PMMA is burned out first, followed by the
lgnition of the portion of the PMMA-APC mixture whose composition
corresponds to the upper ccncentration limit of burning in an inert
atmospnere, after which the cycle 1s repeated meny times. In the

intermediate region (between the region of two-stage burning and
burning due to its own oxidizer) the burning is intermittent: the
mixtures are extinguished after one-two cycles.

3. Simple theoretical models of two-stage burning are pro-
posed which peri*’t one to calculate the burning rates and frequency
of 1gnitions for similar compositicns.
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