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By RileyO. Miller

SUMMARY

An tivesti~tionwas conductedto determinepossiblerocketfuels
that ignitespontaneouslyat low temperatureswithmixedacid (nitric

f
lus sulfuric)in a more reliablemannerthan crudeN-ethylaniltie
monoethylaniline), a rocketfue1 in currentuse. By means of a bench-
scaletechniquea numberof fuelswere determinedto ignitewith mixed.
acid at subzerotemperatures;severalof thesefuelswere investigated
over a more extendedtemperaturerange.

With mixedacM.,the followingfuels showedgenerallyshorterand
lessvariableigcition-delayintervalsthan crudeN-ethylaniline(over
the temperaturerangeof approximately80° to -40°1?): mixed.butyl
mercaptms, 70-percent(byvolume)furfurylalcoholplus 30-percent
crudeN-ethylaniline,63-percentfurfurylalcoholplus 27-percentcrude
N-ethyl.anilinead 10-peroentmethanol,70-wrcent furfuryl alcohol
plus 30-percentqlene, 35-peroentfurfurylalcoholplus 65-percent
crudeN-ethylamiline,90-percentcommercialgm turpentineplus
10-percentpropyleneoxide,pureN-ethyl-aniline,and commercialgum
turpentine.Sumaries of self-ignitiondatafor theseand other
fuelsare presented.

INTRODUCTION

Recentexperimentsin which the rocketpropellant,crudeN-ethyl-
aniline(monoethylaniline)and mixedacid (nitricplus sulfuric),
failedto ignitesatisfactorilyat low tem~rature (reference1) indi-
oate the necessityof a knowledgeof the self-igmitionpropertiesof
certainrocketpropellantsat low tempemtures,as well as at modemte
temperatures,inamnuchas rocketsmaybe requi~d to startat high
altitudesor underarcticConditions.

.
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In the evaluationof rocketpropellantsto determineself-
Ignitability,optimumeconwy of materialsand safetyto personnel ●

make small-scaleexperimentalesttites of ignitioncharacteristics 8
,desimble beforefull-soalee~riments are undertaken.Care,huw- 3
ever,must be exercisedin makingesttites of propellantignitability
from data obtainedwith small-soaleignition-delayapparatusbecause
suchfactorsas mixingand geometrytend to restrictnumerioalresults
to the apparatusused. The ignition-delayintervalis, in general,an
arbitmry quantitydefinedfor a specificapparatusas the time inter-
val betweendefinitestartingand endingconditions.

In spiteof the gecmetryand mixingrestrictions,previous
investigations(reference2) indicatethatnot only lengthsbut also
degreescd’variationof ignition-delayintervalsobtainedwith emaZl-
scaleapparatusare sigm?ftoantlycharacteristicof propellantcabin-
ations. Moreover,combtitionsof Propellazrbsthatgive com~ratlvely
shortdelaytitervalsand smallvariationsin delayintervalsin small-
soaleignition-delayexpertientsalso showdesirableignitim dmrac-
teristics in rocketengines. ,,.

Variousinvestigationshave been conductedin Gezmany,England,
and the UnitedStatesin which small-scaleappamtus was usedfor the
est@ation of propellantself-ignitioncharacteristics.The methods ●

employedmay be dividedintothreegeneralclasses: (1) open-cup
methodsIn whichone propellantis made to fall intoor is injected
intothe otherpropellant;the ignition-delayintervalis determined.
eitherby high-speedphotogmphyor by electronicequipment(refer-
ences2 to 6); (2)a methodused in Englandh whichthe pro~llants
are impingedas low-velocityjetsin a horizontalplanein openair;
the ignition-delayintervalis calculatedfrom the distance‘thepropel-
lantsfallfrom the pointof in@ngementto the pointof igniticm;and
(3)methodsIn whichthe propellantsare injectedat high velocities
intoa chamber;the i~ition delayis measumd by high-speedphotog-
raphyor electronicequipment(references7 to 9}.

The open-oupmethodsare prefemble to the tipinging-jetmethods
for investigationsof the comparativeself-ignitionpropertiesof a
numberaf propellantcombinationsaccordingto referenoe2. Although
the open-cupmethodstend to give considerablevariationin ignition-
delayintervals,the dataap~ar to be more independentthandata
obtainedby othermethodsof arbit?.w?ily selected fuel-oxidantratios$
whichmay or may not havebeen optimumfor any particularpropellant
combination(reference2). Furthermore,the open-cupmethodsare more
convenientto set up and lesstime-consumingin obtainingexperimental
results. Althoughsomeignition-delaydatafrom open-cup-t~eexpri- .
mentsare availablefor propellantsat low temperatuzws(refereon~4),
most of the experimentsin whichthesemethodswere usedhavebeen con-
ductedat room temperature. .

~“- ‘“‘“”-
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An tivestigationof the self-ignitionchaz%ctertsticsat moderate
and low temperaturesof posstblerocket-propellantcomb-tions was.
conductedatthe NACA Lewis laboratoryto suggest,for use in rocket

ww engines(reference1), sevwal availablefuelsthatremainfluidand
8 ignitespontaneouslywith tixedacidsat low tempemiiures in a more

reliablemanuerthan crudeN-ethylaniMne.

AmcUfied open-cupmethodwas used to obtatiignition-delaydata
for a~ro-tely 60 propellantcombinations.Innovationsb cooling
the propeltitsandbr~~ them intocontactand in timingthe igni-
tion delayprovidedan amtus with whichthe data couldbe con-
venientlyobtained.

SummaMes of the igrctticn-delaydata obtainedare presenteahereti.
Both lengthsand variationsh the ignition-delayintervals(theapprox-
imate@riod of time that elapsesbetweenthe firstcontactof fuel ad
oxidantana the firstdetectableappearanceof flsne)have been con-
sidered.h makingest-tes of the comparativei@tability of the
fuelswlthmixedacias.

*

AJ?mRAm
.

The functionof the appamtus was (1)to bringthe fuel and the
oxidantto a selectedtemperature(80°to -50°F), (2)to bringthe
fueland the oxidanttitomutualcontactat thistemperate, and (3)
to measurethe time intervalbetweenthe startof this contactand
the firstappearanceof detectableflame. The appamtus (fig.1) con-
sistedof a tempwature controlsystem,a firingmechanism,ma a means
for measuring@nition-delaytitervals.

Temperature-controlsystem.- The temperature-controlsystm
(fig.1) consistedof a clearglassDewar cylinder(~ in. I. D.), a
coolantprep,a dry-icebskhand heat exchanger,and the requires
pipingand valves. At the beginningM the experiments,the tempera-
ture hside the lhwarcylinderwas controlledby twomanually operated
needlevalvesbut laterthe temperaturewas automaticallycontrolled
by an electricsolenoidvalveand an adjustabletemperature-actuated
switch. The Dewar cylindercontaineaa thermometerfor indicating
coolanttemperature.

Firing mechanism.- The firing mechanism used is shownin figure1.
A 1- by 8-inchpyrexignition-typtest tube conta~ a glassampule
about 9/16inch h diameterwas held partlysubmerged.in the coolantin

. the Dewar cylinder. A stainless-steelrod when hit by a weight-that
fell 6 inchescrushedthe ampule,releashg the fuel underthe surface

.
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of the acid oxidant. A simpletriggerpin was usedto supportthe
droppableweight (approximately0.4 lb) b a @de tubebeforef~=. .
The microswitch,whichwas mountedon the firingmechanism,actuated
the timingapparatuswhen the weighthit the rod.

Ignitian-del.aymeasurement.- The instrumentationby whichthe
ignition-delaydatawere obtainedincludeda photoelectricpiokupunit,
an electronic-mhy-mpltiierunit,em oscilfitor,and an e-bctronic -
counter. The circuit was so designedthatthe counterwouldregister
the totalnumberof cyclesfrom the osolllator (1000 or 10,000cps)
betweenthe instantthe weighthit the rod amimicroswitchand the
instanta flash of light,sufficientlybrightto affectthe photo-
electricpickup,appearedh the test tube.

A high-speedmotion-picturecameracapable of speedsup to
3000framesper secwndwas usedto photographand time the aotionof
severalfir-s. The camerawas modifiedto permitthe recordingof
timingmrks on the edge of the filmas it was e~sed. Thismodi-
ficationconsistedof a smallargonbulb Insidethe camera,con-
nectedto the outputof a calibratedoscillator.Anotherargonbulb
connectedto a batteryin serieswith themicrostitchon the firing
mechanismwas photographedto iudicatethe instantthemioroswitch
was tripped.

FUELS

Some M thefuels investigatedwere usedas supplied,otherswere
blendsor mixtures.

CrudeN-ethylaniline.- CrudeN-ethylaniline(monoethylaniline)
admixtures of crudeN-ethylanilinewith furfurylalcoh?l,2,5-&lmethyl-
fuz%m,hydroxybenzenes,aminss,or variousotheradditiveswere inves-
tigated. The crudeN-ethylanilinewas a commercialproductobtained
frm the Bureauof Aeronautics,Departmentof the Nav. The following
analysisis the averageof severalsamplesof crudeN-ethylaniline:

Ignitioncharacteristicsaf pureN-ethyl.aniline,pureN,N-diethylaniline
(constituentsof crudeN-ethylaniline),and sevemalpureN-ethyWiline - -
additivemixtureswere also invesQgated,

~–” “’”
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Fuzfurylalcohol- xyleneblends.- Beoauseof the low viscosity
and the availabilityof xylene,blendsof xyleneand furfurylalcohol.

u were investigated.

Comercial w turpentine.- Ignitionpropertiesof commercialgum
tmpntine and mifiuresof turpentine,respectively,with propylene
oxideand otheradditiveswere investigated. A constituentof turpen-
tine,a-~inene,was also in~stigated.-

Mixedbutylmeroaptans.- Beoause
petroleum,mixedbutylmermptans were
(referenoe6) was approximately:

Meroaptan

theyare readilyavailablefrom
investigated.The ccmpositton

I?ercent
by volwne

Isopropyl(
%

)2CH%H.. . . . . . . . . . . . . . . . . . . 1
~-l?ropylCH3● H2sCH2d3H(andtert-butyl

(CH3)3C*SH). . . . . . ..~. . . . . . . . . . . . . . 23
. sec-ButylCH3(C2H5)CH-SI. . . . . . . . . . . . . . . . . . 37

=butyl(CH3)2CHdX* SI. . . . . . . . . . . . . . . ...7
#~-~tyl CH3*CH2-CH2*H2*SH . . . . . . . . . . . s . . . . . 11

. Amyl C5HllSH . . . . . . . . . .’. . . . . . . . . . . . ..21
.

O=TS .

For most of this investigation,a mixesacid,whichwas used as an
oxidant,was _prepare&from reagent-gzade95-percentwhitefumingnitric
aoid and chemicallypure oleum (70-peroentH2S04plus 30-peroentS03).
The compositionof the acid approachedthe specificationsof the cm-
mercialmixedacid uses in rocketengiaes. This laboratory-prepared
acid was usedbeoauseit apparentlywas more desirableas a reference
oxidantthan comercial acid, inasmuchas ccmmeroialacidsmay more
likelycontainvariableamountsof traceimpuritiesthatmightact as
catalystsor inhibitors.For more accuratecomparisonwith rocket
experiments(referenoe1), ccmercial mixedacidwas tied.for someof
the firingswith orudeN-ethylanilineand with 70-percentfurfuryl

‘alcoholplus 30-percentcrudeN-ethylanilineana for all the firings
with mixedbutyl meroaptaas.

●

✎
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The followingare the avez=geanalysesof the mixedactds:
.

Mixedaoid

Nitricacid HN03and
nitrousacid EN02 (asHN03)

Sulfmic acid,H2S04
Nonacidiccomponent-

(bydifference)

Percentby weight
Laboratoryprepared Commercial

80.0 79.4
15.3 16.7

4.7 I 3.9

aThenonacidicccnnponentswere,preswnedto be mostlywater.

.

PROOEDORE

The tip of an ampule,in which 1 milliliterof the desiredfuel
had been sealed,was insertedintothe drilledend of the smashingrod;
and a testtubewas slippedoverthe ampuleand clam~edh the firing v
mechanism. The test tubewas partlysubmerged.in the coolantin the
Dewar cylinder ati the tri~er pti and the weightwere set in place,
as shownby figurs1. The acid (3ml) was thentransfer~d to the test
tubeby meansof a remotelyoperatedsyringe. The acid and fuel were

.

allowedto coolfor about15 minutes. (Amock-upof ttieapparatuswith
a thermocouplein an ampuleof crudeI?-ethyl.anilinesubmergedin m-d
acid in a testtube showedthatthe fuelreachedequilibriumtempera-
tureat -40° F from room temperaturewithin10 min.) After the cooling
period,the triggerpin was pulled out of the guidetubeby meansof a
str~, lettingtheweightfall on the rod and themicroswitchactuator,
breakingthe ampule,and startbg the tiudngsequence. The temperature
of the coolantb theDewar cylinderprior to the firingand the
ignition-delayintervalafterthe firingwere recorded. Aftereach
firing,the appamtus was washedwithwaterand with acetone.

EVALUATION0? METHOD

Lag in aypa mtus. - Themethodusedwas checkedby high-speed
motionpictures. Severalfilmswere takenof the testtubewith aa
illuminatedbackgroundto showthe actionof the propellantsin the
apparatusduringthe firingsequence. Otherfilmswere takenwith no
etiernalilluminationand with the instrumentsin operationin orderto
checkthe rate of responseof the timingcircuit. Most of the films
were takenat appro=tely 1000.or2000framesper second,.In order
to obtainthe best possibledefinition,thesepicturesof the apparatus
were takenwithoutthe coolantbath;therefore,the propellantswere at
room temperature.

. .. . . .--* .
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The shorttitervalduringwhichthe appaz=tuslxroughthe propel-
. lantsintocontactis shownby the positiveenlargementsfrom high-speed

motion-picturefilms (fig.2), whichare silhouettephotographsof the
~ appamtus takenduringthe first 0.003secondof the ttied sequence.
% Two inertimiscible liquidstakenat approximatelyOPOO1-secondinter-

valsare photogmphedin figure2(a). The viscositiesof the liquids
in the ampulead in the test tubewere 80 and 6 centistokes,respec-

●

ti~~, thus the viscosities& crude N-etWl=~~e and mi=d acidat
low temperatureswere approximatelysimulated.The actionof 70-wKent
furfurylalcoholplus 30-percentcrudeN-ethylanil~ and ccmercial
mixedacid,a combinationthatproducedshortignitia-delayintervals,
is presentedin figure2(b). Figure2(c) showscrudeN-ethylaniline
and commercialmixedacid,a combinationthat gave longerignition-
delayintervals.The firstverticalcolum of photographsshowsthe
appamtus @st beforethemicro-tch had been trippedby the weight.
The secondcolmn showsthe apparatusapproxhnately0.001secondlater;
the microswitchwas trippedh each case. The neti two col~ sh~
the apparatus0.002and 0.003second,respectively,after the first
photographswere taken. As shownby thesephotdgmphs,the liquids

w were in contactwith each otherwithin0.002 secondafterthe micro-
switchwas tripped;in the caseof 70-percentfurfurylalcoholplus
30-percentI?-ethylaniline,a preliminarynonburningreactionwas

. alreadyunderway.

Otherhigh-speedmoticmyioturestakenwith no externalillumina-
tion showedthat ignitionoftenstartedwith a seriesof intermittent
flashes,which evidentlycausedscatterin the data obtained. The
iatensitysad the lengthof flashesa~parentlyincreaseddurhg the
earlypart of the ignitim ~ocess and themeasuredignition-delay
intervalwas the titervalbetweenthe trippingof the microswitchand
a fhsh of sufficienttitensityto affectthe photocell.and stopthe
thing circuit. A well-definedcorrection of the instrumentresponse
with high-speed.motionpictureswas complicatedby the frequent
startdmgof ignitionwith this seriesof flashes. on four records,
however,a flashon the film precededthe timesrecordedby the elec-
tronicttierby not more than 0.003second. ~ each case the photo-
cellapparentlyrespondedto eitherthe first or secondflashregis-
teredon the film. Photographicevidencethus =Cates that the
combinedlag h the ampulebreaking,the propella@s contactingeach
other,and the instrumentsresponMng to a flashmay be 0.002to
0.005second. The imticn-de~y intervals re~rted heretiare the
uncorrectedvaluesreadfrom the electroniccounter.

Variationsk Qni tion-delaydata.- The data obtaim+dfram these
● experimentssubstantiatethe hypothesis(reference2) that degreesof

variationas well as lengthsof the lag in ignition-delaydatamay be
functionsof propellantccmb=tions. E=mples of thesetendenciesare

.

.

●
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illustmted.by figure3, where iguition-delay

NACA RME5C)H16 a

intervalsaf crude
N-ethylamil~ ~ a freshsolutionof 70-pe&entfurfurylalcohol .
plus 30-percentcrudeN-ethylanilinewith laboratory-~eparedmixed
add are shownplottedas functionsof temperature.The sporadicand
variablenatureof ig@tion-del&ydatafrca crudeN-ethylanilineis
illustratedby frequenijinstancesof no ignitionat subzerotempera- E
turesand bya maximumdeviationfrom the fairedourveof about ‘F
0.4 second,whichoccurredin the low teqeratureregion. The
ignition-delaydataof the furfurylalcoholplus crudeN-ethylaniline
blendwere much lessscatteredwith a maxinnmdeviationof about
0.03 secondfrom the fairedcurve. Comparisonsof theseand other
pro~llant combinationsindicatethat the scatterof resultswas more
a functionof the propellantcombinationthanof the ignition-delay
timinginstrumentation.

As a mnsequenceof the tendencyfor ignitim of certainpropel-
lant combinationsto occurDvera rangeof time,a largenmber of
firingsd’ eachpropellantccznbinationat varioustemperatureswould
be requiredto eliminateall elementsaf uncertaintyin compring one
combinationwith another. Becausee~ediency requiredthata nwnber

w

of possiblepropelUuxtsbe consideredin a shorttime,a high degree
of certatitywas sacrificedh obtainingsomeof the Uta. The
results,nevertheless,providea choicefromwhichpropellantcombi- “
nationsmay be selected for furtherresearch.

RESULTSAND DISCUSSION

Summariesof the ignition-delaydataare so presentedin
tablesI and II thatestimatesof the ignitabilityof the various
propellantcomb-tions may be made. For eachpropellantcombinaticm
the maximumand minimumIgnition-delayintervalsat one or more tem-
peraturesare presentedin orderto indicateapproximately mnge
in time overwhich ignitionmay be e~cted. As a furtheraid to
suchestimates,the gecunetricavemge of the ignition-delayintervals
at eachof thesetemperaturesis presentedand the numberof firings
is indicated..Geometricaverageswere used inasmuchas in somecases .
the ignition-delayintervalsvariedwith temperaturein an approxi-
matelye~onenti.almanner. The spreadsin temperatureoverwhichthe
groupsof dataam averagedare small (lessthan 10°F totalspread
for 90 percentof the data). Approximatekinematicviscositiesat
-40°25’and specific”gravitiesaf someof the fwls are givenin
tableIII.

.
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Comparisen of propellants.- Severalfiringswere made with crude
N-ethylanilineand the laboratory-preparedacid at subzeroand.moderate.
temperaturesin orderto establishthe behaviorof a fuel knuwnto have

G poor ignitioncharacteristicsat low temperaturesin a rocketengine
8 (reference1). Ignitioncharacteristicsof a numberof otherfuelsmd

~~~ fixtureswere investigatedby two or more fti~s at approximately
Scme d? thesefuelswere selected.becauseof (1)apparent

ignita~ilityat subzerotemperatures,(2)probableccamercialavail-
ability,and (3)fluidity(lowviscosity)at subzerotemperature;the
selected.fuelswere then tivestigatedmore extensivelyovera tempera-
turerangeof approximately80° to -40°F.

With the laboratory-~e~redmixedacid the followingfuels (in
estimatedorderof decreasingignitabilityWvestigatedoverthe tem-
peraturezamgeof appro~tely 80° to i-40 1?tetiedto Q@te more
readilythan crudeN-ethy~lti (compositionis given in percentby
volume):

70-peroentfurfurylalcoholplus 30-percentcrudeN=ethylaniline
63-percentfurfurylalcoholplus 27-percentcrudeN-ethylaniline
and 10-percentmethanol

70-percentfurfurylalcoholplus 30-percentxylene
35-percentfurfurylalcoholplus 65-percentcrudeN-ethylamiline
90-percentcommercialgum turpentineplus 10-~ercentpropylene
oxide

PureN-ethyleniline
Commercialgum turpentine

~ a limited.numberof experimentsat low tempemture (approxi-
mately-40°F) the followingfuelsalso showedshorteraveragei@xltion-
delayintervalsthan crudeN-ethylaniline(compositionis given in
percentby volumeunlessotherwisenoted):

FurfurYlalcohol
95-per~ent
oxide

50-~rcent
70-percent
70-percent
95-percent
wei@lt)

80-percent
85-percent
Turpenttie
95-per~ent
weight)

commercialgum turpentine

crudeN-ethylanilineplus
crudeN-ethylanilineplus

plus 5-percentpropylene

50-gercent2,5-dimethylfuran
30-percent2,5-dlmethylfuran

turpentineplus 30-percentpropyleneoxide
crudeN-ethylanilineplus 5-percentp~ogallol (by

turpentineplus 20-~rcent -l isobutylether
crudeN-ethylanilineplus 15-percentfurfurylalcohol
saturatedwith~-phenylenediamine
pureN-ethytiline plus 5-percentpyrogallol(by
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95-percentpureN-ethylanilineplus 5-percentdi-tert-butyl
peroxide(byweight)

35-percentfwd%ryl alcoholplus 65-@ercentxylene
. L
$

The followingfuels,imvestigatedwithcanmercialmixed acid,
1-

(tableII) igzdtedmore readilythan crudeN-ethylanilinewith catn-
mercialacidat bothroom and subzerotemperatures:

-d butylmercaptans
70-percentfurfurylalcoholplus 30-percentcrudeN-ethylaniline

As shownbytabl.esI and II, crudeI?-ethylemilineignitedha
more reliablemannerwith coxrmercialmixedacid thanwith the
I.aboratory-preparedmixedacid. With mmmercialmixedacid (tableII)
mfxedbutylmercaptansand 70-percentfurfurylalcoholplus 30-percent
N-ethylanilineshowedtendenciestowardshorterignition-delayinter-
valsat subzerotemperaturesthanat roam tem~mtures. Differences
in the behaviorof crudeN-ethylzuxtlineand 70-percentfu?.zfurylaloohol
plus 30-percentcrudeN-ethylanilinewith commercialmixedacidqnd the
laboratory-preparedmixedacid,respectively,indicatethat sigrdficant ●

effectson ignition-delaycharacteristicsmay be producedby small
differencesin the compositionof the acids.

Althoughtendenciesfor ignition-delayintervalsof propellant
d

combinationsto decreasewith decreasingtemperature(tableII) are
unusual,suchtrendsfor 70-percentvinyl-ethylethersplus 30-peroent
aniMne and 85-percentvinylethylethersplus 15-percentaniline,
respectively,withnitricacid havebeen reportedin generallyunavail-
ableGermanliterature.Data of reference10 showthat the reaction
rate of ~seous propaneand oxygenat luw pressureincreasedwith
decreasingtemperaturewithina definitetemperaturerange;suppres-
sionof chainreactionsat high temperaturesmaybe a possibleexpla-
nation. In the case of certainrocketpropellants,however,a lye-
Mminarygaseous evolution(fig.2(b))possiblyaccentuatedat hi@er
tempemturesmay disperseor eqel a portionof the propellantsfrom
the reactionvesselbeforetheyare completelyin contact,thereby
creatingconditionsthatmay lnoreasethe ignition-delayintervals
as t-heyare measured.

Viscosities.- The datapresentedindicatethata numberof pos-
siblerocketfuelsexistthatat temperaturesas low as -40°F not only
appearto ignitemore reliablywithmixedacidsthan crudeN-ethylaniline
(tablesI and II),but also (asindicatedby the kinematic-viscosity
data of tableIII)are more fluid. Examplesof suchftielsare mixed
butylmercaptans,commercial@m turpentine,pureN-ethylaniline,and
70-percentfurfurylalcoholplus 30-percentxylene. Blendsof 30- and
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50-peroent2,5-dimethylfuranh crudeN-ethylanilineand 35-peroent
. furfurylalooholin xylenealso showedrelativelylow viscositiesat

low tempemture.u
“b!
CD
U-I Applimtions. - Rocket-enginestart- experiments(reference1)

qualitativelysubstxmtiatesomeof the resultspresented. The syoradic
behaviorof orudel?-ethylanilinewith mixedacid at low temperatures,
as observedfrom the ignition-delayexperiments,was also apparentin
referenoe1. The shortignitiondelays,as detemined by thesee~eri-
mentsfor mixedbutylmeroaptans,70-peroentfurfurylalcoholplus
30-percentcrudeN-ethylaniltie,and comercial gum turpentinewith
mixedacid as oxidant,were comfimed by the rocketstartingexperi-
mentswhereinall thesefuelsgave satisfactorystartingat low pres-
suresand temperatures. .

SUMMARYm’ KEsuLm

The igniticm-delayintervalsof a numberof possiblerocketfuels.
withmiti acid (nitricplus sulfuric)at subzerotemperatureswere
experimentallyinvestigated.Severalfuels,whichappearedto i~te
more satisfactorilythan crudeN-ethylaniline(monoethylaniline)at

. temperaturesapproximately-40°F, were investigatedat variousother
temperaturesover the extendedrangeof approximately80° to -40°F.
The followingtrendswere observed:

1. With a laboratory-mixedacid the followhg fuels, investigated
over the teqeraturerangeof approxktely 80° to -40°F, tendedto
=te more -tisfactori~ than crudeN-ethylaniline(fuelslistedin
e~timatedorderof decrea&g ignitabllity)~

70-peroentfurfurylalcoholplus 30-percent
63-percentfwfuryl alcoholplus 27-peroent
and 10-percentmethanol

70-percentfurhryl alcoholplus 30-percent
35-peroentf~uryl alcoholplus 65-percent

crudeN-ethyl.aniline
crudeN-ethylaniline

xylene
crudeN-ethylamiline

90--&cent comercial gum turpentineplus 10-percentpropylene
oxide

PureN-ethylaniline
Co3mnercialgum turpentine

b.
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2. Of the fuels investigatedwith mumeroialmixedacid,mixed
butylmeroaptansand 70-peroentfurfuryl alcoholplus 30-peroentorude .
N-ethylanilm Prduced shorteraverage-ignition-delayintervalsat I
both roomand subzerotemperaturesthandid crudeN-ethylaniline.
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TABLE II - 8W@ ~ IOHITION-IIKL4Y lM!l!AW mvmALFoEIs wrrHcommcIALKm3D
ACID AT VARIO02 TEWERATORES

Fuel

(percent by .olnw)

Crude H-etlwlanilhe

I

70-percent furfuryl alcohol plus

30-percent crude l!-ethylanilfne

~
,.

Mxed butyl mmcaptan6

&LimonBne

%0 ignltien.
%poradlc Ignition.

lumber

of

?irings

11

11

10

-9

6

6

e

10

11

2

18

3

8

16

6

2

2

2

lverage

xmpera-

mre

(%)

-36

-30

-14

.11

25
31

76

-36

-30

-22

75

-55

-39

-30

66

-51 I
-23

70

I,gition-delay interval

(see)

Minimum

144X10-3
L58
129

126

120

82

64

9

7

19

23

16
9
9

28

(d
(b)
%

Mexiilmm

341xlo-3

350

242

406

198

134

97

91

43

35

.;97 ;

39

.57

62

49

(a)

(b)
119

bometrlc

average

22OX1O-3
222
176
17a
L52
L12
78

31
24
26
43

22
23
23
3E

(a)

(b)
L06
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Fuel Kinematic Specific
(yercentby volwne) vlr3co13ity gravitys.%

at -40°F room tem-
(centistokes) perature

,“
CrudeN-ethylaniline 90 0.97
Mixedbutylmercaptans lo3a .83a
Commercialgum turpentine 8.8 .87
35-percentfurfurylalcoholplus 9.2 .g6b
65-percentxylene

70-percentfurfurylalcoholplus 51 l.osb
30-percentxylene

50-percent2,5.dimethylfuranplus U ● 943
50-percent crude N-ethylanillne

30-percent 2,5-dimethylfursaplus 20 .g5b
70-percent crude N-ethylaniline

Pure I’i-ethylaniline 44 .96C
63-yercent furfuryl alcohol plus 125 l.osb
27-percent crude N-et~l~line ad
10-percent methanol

E-percent furfuryl alcohol plus 130 .ggb
85-percent crude N-ethylaniline

35-percent furfuryl alcohol plus 180 1.03b
65-percent crude N-ethylaniline

70-percent furfuryl alcohol plus 228 1.08b
30-percent crude N-ethylaniline

Furfuryl alcohol 224 1.13C
. .

aDatafrom reference6.
%stimated fromdata of reference11. I

cDatafromreference11.
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