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SUMMARk

During the second quarter, emphasis has been placed on critically
evaluating our experimental and theoretical programs in order to assess
their relation to-published Russian work which apparently contradicted.
our analysis. this apparent discrepancy has been successfully resolved,
'for the~ Russian model appears to be for homogeneous propellants,, and'ours

is for heterogeneous propellants.
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EXPERIMENTAL STUIRSt

Solid-Phase Exothermic Reactions of Propellants

As A kesult of our theoretical analysis of combustion instability,

a more extensive study of 'solid-rphase reactions has been initiated,

using differential thermal analysis-. The importance of surface-coupled

reactions In determining the stabili bounds Irnposed upon' our combustion

model was developed in some detail in.Quarterly' Report 1,.

Since our past experimiental studies detiermined a relationship between

burning rate and chamber pressure whIch-represents a stability limit,

it appeared desirable to Investigate the effect of pressure on the re-

sults of differential thermal analysis experiments with~ selected prope,±-

lants. This has been accomplished with ammonium Perchlorate (both as.-

received and high purity),, potassium perchlbrat46, 'and propellants ~i

formulated with a hydroxy-terminated polybutadiene. and toluene diisocya-

-nate. Under a nitrogen pressure of' 500 psig, the A" thermograms show

significant changes; the ezotfierw signifying deflagration Is lowered1

from about 4500C to the range 30 to 3290C. When potassium Perchlorate

is treated similarly the pressure- effect is far less pronounced, although

the decompositlinexotherm definitely starts at a lower temperature,

A possile explanation for-this type of behavior Is that the concentratiOn

of the ducomposit ion products Is increased, and the local heat release

is ic romamheiarssrso100ped.tamprsue

Propellants containing AP were subjected to differential thermal

two distinct decornpoition exotherms peak at about 360 and 4150C. At

250 psig a third exotherm appears at 4500C. As pressure Is further in-
creased to 500-psg these tbre o __a-tn to meg together. At

1000 psig the broad exotherb obiive& qt 500 p0sig has become much narrower

and peaks at a lower temperature, 3406, --

2

~A



Bpectroscopic Probe of Propellant Combustion Zone

An in-house program oiined at developing a means of identIfying

combustion species duriitn transient instabilities has led to the -Adevolop-

mnent of a technique vstg a Vidicon tube to scan, in real-time, the

spectrum from either a, grating. or prism. An emisaion scan from 3000
to S000'A can now be mae in 60-mIcroseconds, 'The emission spectra

of an 80/20 AP/polyurethane propellant burning Pt 500 psig pressure shows-

only two luminous bands, one extending from 6150 to 6500 A,, the other

from 5750 to 6000 A, Within these' bands several lesser 'bands of high

Intensity appear, Identification of -he combustion species responsible

for the observed spectra has proved to be difficult because of the

geneiral lack of published work Identlfying the °nature of spectra ob-
tained at high temperatureA and pressures. It is known that spectral

bands both broaden anJ shift under these conditions, S*e are concernej

also that adsorption by the combu6tlon gases under pressure and at

high temperature may modify the emission spectra considerably. As a

result more definitive experiments have been undertaken to investigate
-hUese problem areas. We are also developing alternative methods to

extend, the range of the Vidi6on type Instruments into the far Infrared,

region between . and 5 microns.
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- TJEMUIAL UDk

Ouzr theoretical ioicie~s were prI.rari1.y Oiecp towand composite

J propellants, and -tbey hbve conf Ined that ',both burnIng r~ate .and so~id,-

pbase xaaoct1ons are Importont parameter , The model encompasse5 p co-

buotion phenomrnA zelated to both the bhnder and oxid;Lzer and azumes

an energy "elease proIle wbl i can acoount lox bpth soli.d-pbase and

pas-phaise react-eis.

gTe aificont pvonclusion of pjx ,eimAiary ,LAaysiks or comos1te

prpeflanto was that beat release In the sol4 phase could promote

InstobJIty. _oweye.r, Ru~los~n 'work on cobustigm bSo s~.getesi -that

f beat release 4n tbe aolld -pbase -wouid stab~lize combustion,

Our Jknowle~dge of past Russian .work in -the doublerwbasg phoj'plIant

fleld, coupled -with our perimental Btabi2i y ,data on .doube-bise

{ I - propel'lnt, sggsted -that the Russian analysis ,as xel ted to homoge-

neous double-base propellAnt, A xecent examization Of pext. -ebt

, -Russian papers sbowed that their relatiyely simple ipdel iu lact dovs

use a single controllip~g aptivatIon energy, .oncept) thibs .Ate factor

may e elated, f or exampl3e j to the surface t*.josi~ Lip.,n itno

cellulose, Thp' conclusions reached by the Ruislans ap ea quite walid

for thenmodel they nse, -which appears adequate -to explAn the bebvlox

- of double-base propellants
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Du~r future work vwJ.li Almn ot imprd'yig the &heo -et~i9a Impfl1 aud

4c~e~ary ideztl:fy.g -Jjie js cli%-e <c emi. al y-o--ce5s esIYO ny1Ped n ht~e

,dfxejat pocin;Lgs observed lx lboih ,cops;Ll;, and ubL-3w..se !Pro-

pe1ans :It is :boped tot e geznexral, tbpsoy xw42 gl.-inatey eolmv~e

\wJbinb avcpnts- for ciamber llJu;L:maechauics as iwejU as ynoyvlaaD

.poias-

To :xovie o ,-Umex:p~tme ~f te 4ltaled e~qhiiss o'00h

,co~b~ust-,Q~ .!poc-jss, ;.n ll,,-;.t ;La be ma~e t ,dye~op, mprved exvri

-1'o tb~u~, Pr.i~lrepml wl el-n 0 ,to-6p-

<'V ~ ~ bL~ ol0b rpllntcmuto o
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Oubje, t -to Api~oa. exxl xi-Otmxp ;Az _a fq"m;Lxgrk ,gov~exnm-ezto
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- - M~xF ~~OX~~i-e oIceiiiReearch
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- A x~c~sf~.i1~s Us has ende-d Qur oo9mpArispu of the :S.RI th'aetiual
cmb~ust;Loz Im dG2 vtt1 tbat kof tbe 1Russ.. The!S1 ;=Ao ebe im~~fzed

cau pe xm -i1b-e t9 Amoble Ibaso ',pq"2a.ItjS ztd C20otoly !Pi , h e d:
*-aysio. ,Our anayslspm ;.dict,, -te o xtabllitty mcbazacteigtis Ub
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