
q)$-)
cOpy *..1
RM E56F22

(

NACA

RESEARCHMEMORANDUM’

EFFECTS OF VART.ATIONSIN COMBUSTION -CHAMBER

CONFIGURATION ON IGNITIONDEMY IN A 50-

POUND -THRUST ROCKET

By DezsoJ.Ladanyi

Lewis FlightPropulsionLaboratory
Cleveland,Ohio

‘1’hh
of the
— mblbitedbyk.

NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

WASHINGTON
October 5, 1956

.— ..-. . . ..—— -------- ---- ..- —————.1 .---— —----- .--—---- -- .--.. ...... .----- -----—— —-



—

I



TECHUBRARYKAFB,NM

I
.

NMA RM E56F22

NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RESl?JiRCH14E140RANDUM

EFFECTSOFVARIATIONSINCOMBUSTION-CHAMBERCONFIGU’RM’ION

Iulllulllllllllul
01J4378U

IGIIIIl?IONDELAYINA 50-FOUND-THRUSTROCKET

ByDezsoJ. Ladanyi

SUMURY

ON

Ignitiondelaysofa diallylaniline-triethylaminemixture(57percent
diallylanilineand43percenttriethylamineby weight)andtriethyl
trithiophosphitewithredfumingnitricacidweremeasuredat simulated
altitudeconditionswitha rocketengineofapproximately50pounds
thrust.

Ignitiondelayusuallyincreasedwithan increaseincombustordiame-
terandlengthandexhaust-nozzlediamet~.A decreaseinpropellant
temperaturealsoincreasedthedelay,butinitialanibientpressurewas
unimportantexceptforthelargestnozzlediameter.

Thedatasrebestfittedby an empiricalequationrelatingignition
delayto combustordimensions,nozzlearea,andpropellanttemperature.
A possibletheoreticalbasisforthecorrelationisdiscussed,aswellas
extensionoftheresultsto othersystems.

INTRODUCTION..... ,. .
Theimportanceof ignitiondel=gasa criterionintheselectionof ‘ ‘

a self-ignitingliquidrocket-propelJ-antcombinationiswellrecogniz~.“ -
Knowledgeof ignitiondelayisalsoimportantindesigningstartingsys-
temsforrocketengines.Thereis”nostandardmethod”formeasuringthis
parameter,anddataobtainedby differentmethodsforthesamepropellants
atthesameinitialconditionsoftenVW.

Someattemptshavebeenmadeto standardizeignition-delayapparatus
(e.g.,refs.land2). Restrictionswereusuallyplacedonthechemical
uniformityofthepropellantsandthetemperaturesatwhichtheexperi-
mentswereconducted.Sometimesoxidant-fuelratioswerealsospecified.
Sinceconsiderablefreedomwasallow~inthemannerofbringingthe
propellantstogetherandinthesizeandshapeofthereactionvessel,
discrepanciesintheresultscouldbe expectedanddidoccur.

.
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Onlya fewstudieshavebeenmadeontheinfluenceoffactorsother
thaninitialpropellanttemperatureandambientpressureon ignitiondelay .
(e.g.,refs.3 to 5). Wderatechangesinvariablessuchaspropellant-
injectionpressureandoxidant:fuelratiohadrelativelylittleeffecton
ignitiondelay.Todeterminetheimportanceinignition-delaymeasure-
mentsofcombustion-chamberconfiguration,theWA Lewislaboratorycon-
ducteda seriesof experimentswitha small-scalerocketengine.Theef-
fectsof ch~er length,chatierdiameter,aniexhaust-nozzlesizewere
determinedattemperaturesfrom120°to -9001?andat initialpressure
altitudesof zeroand90,000feet.

Theresultsofthisstudy,whichalsoincludeda fewrelatedexperi-
mentswithchangesininjectionmethod,combustorsurfacearea,andfn-
jectionpressure,arepresentedherein.An empiricalcorrelationamong
ignitiondelay,combustordimensions,nozzlearea,andinitialpropellant
temperatureispresented.Possibletheoreticalsignificanceofthecor-
relationisdiscussed,aswellas extensionoftheresultsto other
systems.

*

APPARATUS

‘l’heignition-delayapparatususedinthisinvestigationisshownin
figure1. Itconsistedofa 50-pound-thrustrocketengineplw other
componentsdescribedinreferences6 and7. Theonlymodificationwasa
hytiaulicsystemforrapidlyasseniblingtherocketengine.

As shownintheinsertoffigurel(a),therocket-engineassembly I
consistsofan injectorhead,injectororifices,a transparentcylin&ri-
calcombustionchamber,a platewitha convergentexhaustnozzle,and
propellanttanks.

Internally,theengineissimilartotheoneinreference6. The
90°includedangleofthepropellantstreams,thecenterlocationofthe
conibustion-chamberpressuretapintheinjectorhead,andthe0.041-inch
fuel-injector-holediameterareallunchanged.The0.0675-inchoxidant-
injector-holediameteristhesameastheoneinreference7,and0.2-,
0.4-,and0.8-inch-throat-diameterexhaustnozzleswerealsoemployed.

Inadtitiontothe4–inch–long,2-inch-inside-diametercombustion
chmiberusedinallpreviousstudieswiththisapparatus,19othersizes
wereemployedinthisinvestigation.Theyrangedfrom1 inchlongwith
a l-inchinsidediameterto 8 incheslongwitha 4-inchinsidediameter,
andarelistedinthefirsttwocolumnsoftableI. Twoengineasseniblies
representingtheetiremecombustion-chambersizesareshowninfigure2.
Hereinafter,thesizeofa chaniberisdesignatedby twonunbersrepre-
sentingitsnominallengthanddiameter,respectively.Forexample,a
6x2c-er iS 6 inches long andhasa 2-inchinsidediameter. L

—.— —.
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To strengthensomeofthelargerdiameterchanibers,l/2-inch-wide
steelbandswereclampedsroundthemapproximately1/2inchapart.One
to sixbandswereused,dependingon chauiberlength.

To increasethesurfaceareawithoutchangingthevolume,three
modificationsofthestandsrd’4x2cylinderswereused(fig.3). Inone,
theinsidewallwassandblasted.Theactualincreaseinareacouldnot
be measuredreadily;however,ifhemisphericaldepressionsareassumed,
theincr,easeintheplastic-wallareaisalmostdouble.Inanotherone,
28plasticfinswereattachedtotheinsidewall,thediameterofwhich

hadbeenincreasedto 2* inchessothatthevolumewouldremainconstant.
Thefinswere3/16inchhighand1/8inchwide. Thenewinner-surface

areawasslightlymorethan2:timesthatoftheunmodifiedchamber.The

thirdcylinderwascutwitha 45°,24-turn-p~-inchthread,whichin-
creasedtheareaapproximatelyone-half.

As showninfigure4,theinjectorheadandnozzleplateofrefer-
ences6 and7 weremodifiedwithadditionalgroovesto acceptthe3-and
4-inch-diameterchambers.To permittheuseof l-inch-diametercylinders,
theremovable,injector-headinsertswerereplacedby orificeslocated
integrallyinthehead.

h someauxiliaryexperiments,a two-on-oneinjectorwasused. In
thismodification,showninfigure5,twooxidantstreamsat an included
angleof 90°impingeona centrallylocatedfuelstream.Thismethodof
injectionyieldsanaxiallydirectedpropellantsprayratherthanthe
sidewise-directedresultantobtainedfromthestandardone-on-onesystem.
Oxidant-fuelweightratios,propellantflowrates,pointof jetimpinge-
ment,andlengthofstreamtravelbeforeimpingementwereallequivalent
inthetwoinjectionmethods.Theonlychangeswerea relocationofthe
couibustion-chamberpressuretap,as indicatedinfigure5,anda smaller
oxidantjetdiameter.

Inorderto checksomeoftheconclusions,runsweremadewith5x2
chambersand0.3-inch-diameterexhaustnozzles,neitherofwhichwereused
intheinvestigationproper.

Theoperatingprocedure
programtimercontrolJ_edthe

E!ROCEDURX

isdescribedinreference6. An electrical
operationoftheapparatus.Whena fast-

actingsolenoidvalvewasopened,pressurizedheliumrupturedsealing
disksattheupperendsofthepropellanttanks.Thepressurewasthen
transmittedtothepropellants,whichburstthelowersealingdisksand
enteredthecombustionchauib=wheretheensuingeventswererecordedby
a high-speedcamera.Usually,thepropellant-injectionpressurewas.

-. . .. ———_ ..-. -.____ .___ —__ .— _ .— —.—— -
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approximateely450poundspersquareinchgage. Intworuns,whichwere
theonlyexceptions,thepressurewasapproximately600poundspersquare (
inchgage.RunEwereconsideredsatisfactoryforuseas datawhenno
significantoperationaldifficultieswereobserved.Ignitiondelayz
isdefinedasthetimeintervalbetweencontactofpropellantsandap-
pearanceofa persistentflame.

PROPEUANTS

made
cent

Twofuelswereusedinthisinvestigation.Mostoftherunswere
witha fuelblendcontaining57percentdiallylanilineand43per-
triethylamineby weight.Unlessoth~se specified,alldiscussions

pertaintothisfuel. Theotherfuelwastriethyltrithiophosphite.
Physicalpropertiesofthesefuelshavebeenreportedpreviously(refs.
6 and7).

Theoxidantusedwitheachofthefuelswasredfumingnitricacid
containing3 to4 percentwaterand19to 20percentnitrogendioxideby .
weight.

RFsm’rs

Ofthetotal193satisfactoryruns,themajority(136runs)were
madewiththediallylaniline-triethylaminemixtureandredfumingnitric
acidat sea-levelpressureandattemperaturesfrom120°to -90°F. A
summaryofthedataispresentedintablesIIto VI.

Sixteenotherrunsweremadewiththesamepropellant“combinationin
thesametemperaturerange,butata pressurealtitudeofapproximately
90,000feet(tableVII).Mostoftheserunswereconductedatthetwo
temperaturelimitsof120°and-90°F andwiththeextremechamb=sizes.

Somemiscellaneousexperimentswithdiallylaniline-triethylamine
mixtureandredfumingnitricacidwereperformed.Twenty-fiverunswere
madewithextended-surfaceplasticchanibers(tableVIII);two,with
propellant-injectionpressuresotherthanthestandard450pmnds per
squsreinchgage(table111);seven,withtwo-on-oneinjectors(tablesIII
andVI);andseven,withnewcombustion-chanibewconfigurationsto check
someconclusionsobtainedfromtheanalysisofthedata(tableIX).

Sevenrunsweremadewithanotherpropellantcombination- triethyl
trithiophosphiteandredfumingnitricacid(tableX).

●
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Withallotherparametersconstant,ignitiondelaygenerallyincreased
withan increaseinthelengthofthechamber.An illustrationofthe
generalrelationbetweenignitiondelayT andchanib~lengthL for
variouschaniberdiametersandnozzlesizesis showninfigure6 for120°F
andsea-levelpressure.

EffectofChaaiberDiamet~

llithoutexception,ignitiondelayincreasedwithan increasein
chamberdiameterwhenallotherparameterswereheldconstant.Thisef-
fectofcombustion-chamberdiameterD ondelayisillustratedinfigure
7 for120°F andsea-levelpressure.Withrespectto ignitiondelay,the
relativelylargereffectofdiameteroverlengthisshownby a comparison
ofthenumericalvaluesoftheslopesoffigures6 and7. Dependingon
thechauiberandexhaust-nozzlediameters,therateofchangeof ignition
delaywithlengthvariesfrom0.7to 5.3millisecondsperinch.A com-
parablerangeforthediameteris5.0to 13.3millisecondsperinch.

EffectofExhaust-lTozzleDiameter

Ignitiondelaygenerallyincreasedwhentheonlychangewasan in-
creaseintheexhaust-nozzlediameterDn. Someexamplesshowingthis
effectarepresentedinfigure8.

EffectofTemperature

Foranyparticularchsmiberconfiguration,nozzlesize,propellant
couibination,andinitialauibientpressure,theignitiondelayincreased
witha decreaseinpropellanttemperature.Thistrendis consistentwith
allpreviousresultsobtainedwiththesmall-scalerocket-engineapparatus.

Theignition-delaytemperaturerelationforthediall.ylaniline-
triethylaminemixturewasdeterminedinsmallerincrementsfora 4x2
chauiberanda 0.4-inch-diameterexhaustnozzlethanforanyoftheother
combinations.TheresultsaresummarizedintableIIandplottedinfig-
ure9. Forcomparison,a similarrelationofthesamefuelwitha slightly
differentacid(ref.6)isalsoplottedonfigure9. Thisgraphshowsa
rapidriseofdelaybelow-60°F. Similarresultswereobtainedwith
otherchamberandnozzlesizes.Sincethissuddenriseoccursinthe
sametemperaturerangeasa similarsharpriseintheviscosityofthe
fuel,somecorrelationbetweenviscosityandignitiondelayissuggested.
Sucha possiblecorrelationhasalreadybeendiscussedinref~ences2,
4,and8.

. .—..——___ .——— —. . . —...—— —. — .
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Effectof InitialAmbientPressure

Previousstudiesconductedwiththe50-pound-thrustrocketengine
haveshownthatvariationsof initialambientpressurealtitudefromsea
levelto about90,000feetproduceno significantchangesinignition
delay.Explanationsfortheseobservationsarepresentedinreferences
6 and7. Inthisinvestigation,similarresultswereobtainedwith
exhaustnozzlesof0.2-and0.4-inchdiameter.Withan 0.8-inch-exhaust-
nozzled<ameter,however,thechanberwaseffectivelyno.longera totally
enclosedcylinder,andtheincreaseinignitiondelayat 90,000feetover
thatat sealevelwasappreciableathightemperaturesandevengreater
at low temperatures.ThesedifferencesareshownintableXI.

E!?fectofVsriousChamber-WallSurfaces

Someexperimentswereconductedwith4x2chauibersinwhichthesmooth
inn- wallwasmodifiedasdescribedpreviously.Alltheserunsweremade
at120°F witha nozzlediameterof0.4inch.Therewerethirteenruns
madewiththescrew-threadedchanibers;onewitha sand-blastedchamber;
andelevenwithfinnedchanibers.ThedataaresummarizedintableVIII.
Forcomparison,runswithsmooth-walledchambers.arealsoincluded.A
condensedformoftheresultsalongwithotherpertinentinformationis
presentedintableXII.

Theresultsshowthatsurfaceprofilehaspracticallyno effecton
ignitiondelay.Theresxeonlysmalldifferencesbetweentheaveragede-
laysobtainedwiththescrew-threaded,sand-blasted,andplainchanibers.
Theaveragedelayforthefinnedchaaib=sisonlyslightlylongerthan
thatforplainchauibersinspiteofthelargeincreaseinsurfacearea.

EffectofPropellant-wectionPressure

Inreferences3 and6,it isreportedthatignitiondelaydecreased
withan increaseinpropellant-injectionpressureandthattherateof
decreasediminisheduntiltherewasnofurthersignificantchangeinde-
laywithinjectionpressure.Inthisstudy,twocheckrunsatapproxi-
mately600poundspersquareinchgage(tableIII)yieldedno significant
changesinignitiondelay,indicatingthattheplateauhadbeenattained
atthestandardinjectionpressmeof450poundspersquareinchgage.

EffectofIkopellant-hjectionMethod

-’

,,

CA
co(L&

Mostoftherunsreportedhereinwereconductedwiththeone-on-one
injectionsysteminwhichtheresultantsprayoftheimpingingjetswas
atan angletothechamberaxis. Todeterminewhethertheresultscould
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be extendedto otherinjectionsystems,severalruns(tablesIIIandVI)
weremadewiththetwo-on-oneinjectormentionedina previoussection.
Thisinjectorproduceda resultantstreamwhichwasdirectedaxially
towardsthenozzleexit. Ignitiondelaysobtainedwiththetwoinjector
typeswereapproximatelythesame(tableXIII),anditappearsprobable
thatthecloserelationissimilarat otherconditionsaswell.

EffectofDifferentFuels

Ignitiondelaysmeasuredinthesma12-scalerocketengineforthe
diallylaniline-triethylaminemixtureandtriethyltrithiophosphitewith
redfumingnitricacidoverwidetemperatureandpressurerangeshave
beenreportedpreviously(refs.6 and7). Inthosedeterminations,the
standard4x2chauiberwitha O.&inchnozzlewasused. Inthepresent
studythetriethyltrithiophosphite- redfumingnitricacidcotiination
wasre-examinedwiththestandard0.4-inchnozzleat extremechambersizes
andtemperatures.A summaryofthedataispresentedintableXIV. For
comparison,diallylaniline-triethylaminerunsatthesameconditionsare
alsotabulated.Ineverycase,themorereactivetriethyltrithiophosphite
yieldedshorterdelaysthanthediallylanilinemixture.Figure10 illust-
rates themagnitudeofthedifferences.

DISCUSSION

Ignitionlagshoulddependlargelyontheconcentrationofactivepar-
ticleswhichleadto ignition,andthequenchingoftheseparticlesatthe
reactorwallsor completeremovalofthepsx’titlesfromthereactor.Wall
quenchingisdiscussedinreference9. Fora closedreactorwithdimen-
sionsthatme largecomparedwiththemeanfreepathofthereactant
moleculesandwitha fixedcharge,ignitionlagshouldvarymostlywith
concentration,thatis,withreactorvolume.Foran opentubewithsub-
criticalflow,ontheotherhand,concentrationwillbe determinedby the
exitpressure,andignitionlagshouldvarywithauibientpressure.The
twootherfactorsimportantInthiscaseareflowturbulencethatshould
increasetheimportanceofwallquenchingby promotingdiffusion,andre-
movalofmaterialattheendofth,elnibethatshouldalsoeffectively
retardthereactions.Theremovalofmaterialshoulddecreasein impor-
tanceastubelengthisincreased.h theopentube,then,ignitionlag
shoulddependonchamberlengthanddiameteraswellas smibientpressure.

‘Thecombustorusedforthisstudywithitsvsriablenozzlearealies
betweenthetwoextremesjustmentioned.Onthebasisofthea%ove
discussion,it isexpectedthatignitionlagwillverywithvolumeandto
someextentwithsurfacearea.As nozzleareaisincreased,theeffects
ofmaterialremovalandauibientpressureshouldincreaseinmagnitude.
Inthefollowingdiscussiontheresultsareanalyzedintermsofthese
views.
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RelationBetweenIgnitionDelayand
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CombustorDimensions
..

Withotherfactorsconstant,ignitiondelaywasplottedagainstin-
dependentparametersinvolvingchamberlengthanddiamet~suchaschamber
volume,characteristiclength,innersmfacesrea,andsurface-to-volume
ratio. Thebestcorrelation(fig.11)wasobtainedwhenignitiondelay
T wasplottedagainsttotalinner-swfacearea ~, whichconsistedof
thesumofthe=eas oftheinjectorface,exhaust-nozzleplate,andthe
cylindricalplasticwall. (TableI lists~ fortheclifferentlengths U
anddiameters.)

cc$

Sincea changeininner-surfaceareawasgenerallyaccompaniedby a
correspondingchangeinconibwtorvolume,theconibustorvolumeisimplic-
itlyincludedinthecorrelation.Therelativefiportanceofvolumeand
surfacearenotapparentinfigureD; howevw,datafromauxiliaryex-
perimentswithconstantvolume-m,riablesurfaceco?ibustors,whichwillbe
discussedlater,showthatvolumeisthepredominantfactorinthis
correlation. .

To obtaina singlecorrelationof ignitiondelaywithinner-surface
sreaandtemperature,theslopesofthelinesinfigure11wereplotted
againsttempmatureinfigureU. Theslopeswerechosento fitthedata ‘
forthesmallestnozzlediameterandarethesameforallthreenozzles
at eachtemperature.Theresultantequationis

log~ = log% - 0.001608T - 0.211 (1)

where T istemperatureindegreesFahrenheit,+ isinner-surfacearea
insquareinches,and % isignitiondelayinmilliseconds.Althoughit
doesnotaccountformaterialremovalthroughthenozzle,thisequation
illustratestherelativeimportanceofgeometryandtemperatureonthe
delay.Itmight

where a and b
isa dimensional

alsohe writtenintheArrhenius-t~eform

(2)

sreconstantswhichdependonthepropellants,and k
constant.

EffectofNozzleAreaon IgnitionDelay

Thecorrelationof ignitiondelaywithsurfaceareadeterioratesas
nozzlediameterisincreased,especiallyat IOWtemperatures.Itmaybe
assumedthatthedeviationsfromequation(1)aremainlydueto lossof
reactingmaterialsthroughthenozzle.Thiseffectshouldvarywithcorn- ,,
bustorlengthanddiameterandinitialtemperatureandpressure,asweLl



NACARM E56F22 ~ 9

as actualnozzle=ea, andmy be treatedasanadditionto i~er-surface
area. Fromthedeviations,thefollowingempiricalequationwasderived
(shownintheappendix)fortheeffectivenozzlesrea ~ intermsofthe
actualnozzlearea ~, thechamberlengthL,thechauiberdiameterD,
andthepropellanttemperatureT:

~= A#3.1307 L -1.051)T-28.83L+253.15]+(0.00143T-0.271){D-1)

where AH and ~ areinsquareinches,L and D arein inches,and
T is indegreesFahrenheit.Thedata
theeffectof

Theterm
surfaceaea

Cy

r3
or

.

Valuesof ~

pressure.

~ inequation
& whichisthe

log‘-c=log(q

log‘T= log

(1) may
sumof

+ W*)-

wereinsufficientforestablishing

thenbe replacedby an effective

At and $, sothat

0.001608T - 0.211 (3)

~ -0.001608T - 0.211

and ~ arelistedintableI.

(4)

A plotof ignitiondelayagainsteffectivesurfacesreaisshownin
figure13 andindicatestheimprovementinthecorrelationoverthat
offigure11. Figure13(e)presentsa combinedplotof ignitiondelay
againsteffectivesurfaceareaforseveraltemperatures.Forconvenience,
equation(4)whichrepresentstheaveragedelayisplottedinfigure14
togetherwiththedatapointsfromfigure13. Selectedpointsat com-
parableeffectivesurfaceareasareshownintableXVto illustratethe
precisionofthecorrelation.

ExperimentalCheckofNozzle-AreaCorrelation

To checkthevalidityoftheeffectivenozzle-areacorrelation,seven
runsweremadeat40°F witha 5x2conibustionchauiberanda 0.3-inch-
diamet=exhaustnozzle.Thesepartictiarvaluesoftheindependentpa-
rametershadnotbeenusedintheoriginalcorrelation.Theresultsare
summarizedintableIX. Thepredictedignitiondelayas calculatedfrom
equation(4)is23.8milliseconds.Theaverageoftheexperimentaligni-
tiondelaysis25.0milJ_iseconds.Itappears,therefore,thatthecorre-
lationof ignitiondelaywitheffectivesurfaceareaisv~lidforinter-
polatedvaluesoftheindependentvariables.

— .—.. . —.— ——_ .— . —— .—-. —-.
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AuxiliaryExperiments
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Low-pressureeffects.- As discussedesrlier,a changeininitial
anibient-pressurealtitudefromsealevelto 90,000feetdoesnotaffect
ignitiondelaysignificantlyaslongastheexhaust-nozzlediameteris
0.4inchorless. Withan0.8-inchnozzle,however,ignitiondelaysat
90,000feetsremuchlargerthanat sea-level,especiallyat lowtem-
peratures(-90°F). Onthebasisofpreviousdiscussion,thiseffectmay
be attributedto an increaseintherateofthereactantlossthroughthe
exhaustnozzle.Thus,thelargerthenozzlediameter,thecloserthebe-
haviorofthisreactorapproachesthatofanopentube.At thelow tem-

peraturesthesituationisfurtheraggravatedby slowerinitialreaction
ratesandpoorerinjectormixingcausedby increasedviscosity.Theef-
fectivenozzleareashouldalsobe a functionofpressureandthecor-
relatingequationshouldincludethisfactor.Itwasomitted,however,
sincethenumberofrunsmadeatthelowpressurewasinsufficientfora
quantitativecorrelation.

Area-volumeexperiments.- Althoughthebestdirectcorrelationwas
betweenignitiondelayandtotalsurfacearea.theinfluenceofchamber

&

volumeinthecorrelationisimplicitsince,~oreveryareachange,there
wasusuallya changeinvolume.

Todetermineseparatelytheinfluenceof chambervolumeandsurface
on ignitiondelay,experimentswereconductedwiththeextended-surface
combustorsdescribedpreviously.Itisapparentfromthedata(tableXII)
thatreactorsurfaceareaislessimportantthanvolumeindeteti~
ignitionlag. Therelativeimportanceofwallquenchingand,hence,sur-
faceareashouldincreaseasvolumedecreasesorasreactordiameterde-
creasessincethiswouldcausea decreaseinthediffusiondistanceto
thewall.

Propellant-combinationvariations.- Themorereactivetriethyl
trithiophosphiteyieldeda shorterignitiondelaythanthediallyl.aniline-
triethylaminemixtureforeverycomparablesetofconditions.Forthis
reason,a plotofignitiondelayagainsttheeffectiveinnersurfacearea
ofthechanhrforbothfuelsshouldyieldtwolineswiththethiophos-
phitedatahavingthesmallerslope.Sucha plotisshowninfigure15 -
wheretheeffectivenozzlearearelationwasassumedtobe thesamefor
bothfuels.Themaininferencedrawnfromthisfigureisthat,regard-
lessofthepropellantconibination,almostanyrequiredignitiondelay
maybe approximatediftheproperchaniberdimensionsarechosen.This
informationisusefuliftheselectionofa certainpropellantconibina-
tionismandatoryandiftheignitiondelayisthemostimportantcon-
sideration;otherwise,theeffectsofchamber-sizemanipulationonother
factorsinrocket-enginedesignmustbe evaluated.

w
CDs

—— . —.
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CONCLUDINGREMARK5

Theresultsofthisstudyillustratehowsensitiveignitionlagis
to changesinreactorgeometry.Usingthecorrelation,however,makes
possibleextendingtheresultsinordertopredicttheeffectsofdesign
changesinsimilarcombustorconfigurations.

Extensionof equation(4)to otherfuelsbecomesrelativelysimple
iftheassumptionismadethateffectivenozzleareaisnota functionof
thefuelused. Formostfuel-acidsystemswheretheweightratiooffuel
to acidislowthisisnotanunreasonableassumption.As wasthecase
inthisstudy,thelinesofignitionlagagainsteffectivesurfacesxeafor
differentfuelswoulddifferonlyinslope.Fora giventemperature,the
slopecouldbe determinedby onereliablevalueof ignitiondelayata’
knownvalueof effectivesurfacearea. Equation(4)couldthenheused
forthenewfuelwitha correctionforthediff=enceinslope.

SUMMARYOFIUZSUZTS

Ignition-delaydeterminationsoftwofuelswitha low-freezing-point
redfumingnitricacidweremadeat simulatedaltitudeconditionswitha
rocketengineofnominally50poundsthrust.

Theresultsofthisstudymaybe summarizedasfollows:

1.Forthefuelmixtureof57percentdiallylanilineand43percent
triethylamineby weight,ignitiondelayincr~sedwheneachofthefol-
lowingparameterswasindependentlyvaried:

(a)

(b)

(c)

(d)

(e)
diameter
nozzles

(f)

Chamberlengthincreased(1to 8 in.)

Chamberdiameterincreased(1to 4 in.)

Nozzlediameterincreased(0.2.to0.8in.)

~opellanttemperature

Pressuredecreased(30
nozzleonly;no change

Surfaceareaincreased

decreased(120°to -90°F)

snd0.5in.Hg)with0.8-inch-
with0.2-and0.4-inch-diameter

.
2.Forthesamefuel,“ignitiondelaywasunaffectedby smallchanges

ininjectionpressureand-byan injector-changefroma one-on-oneto a
two-on-oneimpingingjetsystem.

. ——r.-—— --— -———
.—— —



12 NACARM E56F22

3.Observations(a)to(d)werealsonotedforthesecondfuel,
triethyltrithiophosphite.Ineverycomparableinstance,thisfuelgave
shorterignitiondelaysthanthediallylaniline-triethylamineblend.

4.Thedataarecorrelatedintermsof combustordimensions,initial
propellanttemperature,andeffectivenozzlearea.Theeffectivenozzle
areaisa functionofcombustorlengthanddiameterandinitialpropel-
lanttemperature.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,Jue 22,1956

-,

.
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APPENDIX- DERIVATIONOFEFFECTIVENOZZLEAREA

Severalsimplifyingassumptionsweremadeandarepresentedinthe
courseofthederivation.Onemajorassumptionwasthatthedeviations
fromequation(1)weredueto theinfluenceofflowthroughthenozzle.
Thusan effectivenozzleareaaddedtothesurfaceareawouldcorrectthe
deviations.Theeffectivenozzleareawasfurtherassumedtobe a func-
tionofactualnozzlearea,combustorlength,propellanttemperature,
ambientpressure,andpossiblycombustordiameter.

CoritributionofActualNozzleSize

Withtemperature,chamberlength,andchamberdiameterheldconstant,
a plotof effectivenozzleareaagainstactualnozzleareawasbestfitted
by a complexcurverepresentedby an equationofgreaterthanfirstorder.
Forsimplification,a straightlinewitha positiveslopewasassumedto
be sufficientlyaccurateprovidedthattwoconditionswerefulfilled.
Thesewerethat(1)theeffectivenozzleareacouldneverbe lessthanthe
actualnozzlearea(2)thatthetwohadtobe zerosimultaneously(shown
infig.16). A generalequationrepresentingthecurvehastheform

%=% (5)

where k isa constantwhichappliesonlyfora particulartemperate,
chaniberdiameter,andch~er length.

ContributionofChamberLength

Thecontributionof ch-er lengthtothenozzleeffectcanbe de-
terminedwhentheeffectivenozzleareaisplottedagai~tlength,holding
temperature,chamberdiameter,andactualnozzle-areaconstant.There-
sultantcurveshouldhavethegeneralshapeofa hyperbolawithasymptotes
tobothaxes. Thisshapeisobtainedbecause,asthechanib=lengthat-
tainslwge values,thenozzleeffectbecomesi~i@ficant. ConverselY~
as thelengthdecreasesandtheintersectionofthepropellantjetsap-
proachesthenozzlehole,theeffectivenozzleareabecomesinfinitely
lsxge.Intherangeofchauiberlengthsusedinthisinvestigation,how-
ever,thecurveisessentiallya straightline,especiallyfortheshorter
chambers.Forsimplification,therefore,a negative-slopedline=rela-
tionwasassumedas shownby thegeneralexpression

Ag.aL+b (6)

where a and b areconstantswhosevaluesdependonthemagnitudeof
theotherparameters.

—.-— _—— —— —. —-—.—



Couibiningequations(5)and(6)yields
effectivenozzleareaisa functionofboth
length:

where kt isa constantwhich
chaniberdiameter.A seriesof

an expression
actualnozzle

NACARME56F22
.

inwhichthe
sizeandchaniber ‘)

(7)= k’&(aL+b)

appliesfora psxticu.lartemperatureand
curvesobtainedby equation(7)for120°F ,

anda l-inch-diameterchaiberisshowninfigure17.
0.c
$’

ContributionofPropellantTemperature

Whebeffectivenozzleareaisplottedagainsttemperatureforselected
valuesof chauiberdiameter,chauiberlength,andnozzlediameter,
hyperbolic-typecurvesshou.ldbeobtained.Thesecurvesshowthatthe
nozzleeffectrapidlybecomesverysmallasthetemperatureis increased
becauseoftherapidincreaseinreactionrate,andalsotheyshowa con-
verseeffectasthetemperatureisdecreasedbecauseof slowerreaction s
ratesandpoorermixingefficienciescausedby rapidlyincreasingpropel-
lantviscosities.Againforsimplification,a linearrelationwitha
negativeslopeisassumedbetweeneffectivenozzleareaandtemperature.
Thegeneralequation

wheretheconstants

Ifequation<8)
foreffectivenozzle

showingthisrelationis

A~=cT+d (8)

c and d dependontheotherparameters.

iscombinedwithequation(7),anover-allexpression
areaisobtainedwhichaccountsforallthevariables

exceptchanibadiameter.A

g=%

Where at,bs,a’;and b“
chauiberdiameter.Examples
by figure18.

generalformis

[(a’L+ b’)T + a“L+ b“] (9)

sxeconstantswhosevaluesdependonlyonthe
ofcurvesderivedfromequation(9)areshown

ContributionofChamberDiameter

Thecontributionof chaniberdiametertothenozzleeffectisquite
smallwhencomparedwiththecontributionsoftheotherparameters.This
isobservedwheneffectivenozzleareaisplottedagainstdiameterfor

.

variousvaluesofnozzlearea,chadmrlength,andpropellanttemperate.
w

—.
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As discussedpreviously,thenozzleeffectdecreaseswithan increase
inchamberdiameter.Forsimplification,a linearrelationbetweeneffec-
tivenozzlesreaanddiameterwasassumedandmaybe representedgenerally
as

q=eD+f (lo)

wheretheconstantse and f areassumedto dependsolelyontempera-
tureina linearmanner.Thisassumptionwasmadesothatthefinal
expressionfor A~ wouldnotbe geaterthanthirdorder.Sincethe
magnitudeofthecontributionofdiameteronthenozzleeffectissmall,
noneoftheseassumptionscanleadto significanterrors.

A combinationof equations(9)and(10)yieldsa generalexpression
fortheeffectivenozzleareaintermsofallthequantitativelyinvesti-
gatedvariables.Thisfinalequationis

1$= ~ [(a’L+ b’)T + a“L+ b“]+ (a’”T“+b“’)(D-1) (n)

Thesameequation,withnumericalconstantsobtaineilfromcurvesdrawn
accordingtotheforegoingassummions,is

=~[(0.1307L-l.051)T-28.83L+253.65]+(0.00143T-o.271)(D-1)

wasusedto

1. Strier,M.:

(12)

supplyvaluesof effectivenozzleareaforequation(4).

‘TheCorrelationandEvaluationoftheResultsofthe
StandardIgnitionDelayTestProgram.Rep.RMI-499-S1,Reaction
lbtors,Inc.,Apr.22,1953. (ContractNOas52-595-C,RMIProj.
499.)

2.Burgess,G. S.,andKuchta,J. N.: PerformanceCharacteristicsof
Hydrocarbon-BasedRocketFuels.Prog.Rep.No.6,Bur.Mines,
Sept.

3.Anon.:
Prop.

—
30,1953.

—

Combin~BimonthlySummaryNo.8 - Aug.20-Ott.20,1948.Jet
Lab.,C.I.T.,NOV. 15,1948.

‘4.Adelman,BarnetR.: A Studyof Ignition-LagChar#icteristicsofSome
LiquidRocketFuelswithRedFumingNitricAcid,IncludingAdditives
totheOxidizer.Prog.Rep.No.20-138,JetProp.Lab.,C.I.T.,
Apr.18,1951. IOrd.ContractDA-04-495-ORD-18.)

___ .— . —–— —— —. —..—..
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5.

6.

7.

8.

9.

NACARM E56F22
J

Anon.:CombinedBimonthlySunmaryNo.10,Dec.20,1948- Feb.20,
1949.JetProp.Lab.,C.I.T.,March15,1949.

-i, DezsoJ.: IgnitionDelayExperimentswithSmall-ScaleRocket
EngineatSimulatedAltitudeConditionsUsingVariousFuelswith
NitricAcidOxidants.NACARM E51J01,1952.

,
Iadanyi,DezsoJ.,andHennings,Glen: OrganophosphorusCopPoundsin
Rocket-EngineApplications.NACARME54A26,1954. wco

Ladanyi,DezsoJ.: OrthotoltidineandTriethylamineinRocketEngine u)+
Applications.NACARME52K19,1953.

BellesjFrankE.jandBerl~,A. L-: ChainBreakingandBranching
intheActive-ParticleDiffusionConceptofQuenching.NACATN
3409,1955.
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TABLE1. - IXWRIPITV2 C2ARACT2R1911C9OF 0C+23UST’TONOHM- HAVTNO VARIOUS LKfWEi2, DIAM8TKW, AND 2XHAU9T-W32ZLS s1229 h.

[Effw.tive.o!zz1.arm, ~, 8q in.; total effeotlve Curfaoe u.., A:, S. in~
. .

l’iaud.er
D,
in.

:
1

,:

2

;
2
2

3
s
3
5
3

4
4
4
4
4

LxtlmlBt-nOzzle
Wmdmr, ~, In.

b.2 ] 0.4 I0.8

bta.1Inner-mrrfaoa
ma, +, sq in.

3.8

1:::
19.5
2S..9

11.8
la.o
SO.6
4S.2
55.7

21.9

J

31.3
50.1
69.0
a7.8

35.1
47.7
72.8
9a.o

123.0

T3.7 3.3
6.8 6.5

IS.I 12.a
19.4 19.0
25.7 23.3

1
11.7 11.3
17.s 17.6
30.6 30.1
43.1 42.7
55.6 b5.2

i?.1.e21,4
31.2 30.8
50.0 49.7
M.9 68.5
87.7 87.3

3s.0 34.7
47.6 47.2
72.7 72.3
07.9 97.5
22.9 1’22.8

‘olume
v,

u in.

0.8

;::
4.7
a.3

3.1

1:::
la.a
25.1

7.1
14.1
2a.3
42.4
56.s

12.6
25.1
EO.3
75.4

~

TmperaWre, %

rim 68 0 -m

Rxhnuut-noxxledimater. IL. in.

7.4 14.4 18.1 57.5 00.8 6.1 8.9 2a.3 32.0 9.7
10.1 12.7 19.5 KI.9 57.4 4.5 11.4 24.6 31.4 8.4
15.8 9.4 22.6 37.7 60.5 3.2 1.s.417.4 30.5 5.a
21.0 6.1 25.5 24.5 43.5 2.0 21.s 10.1 29.5 5.3
2a.5 2.8 2a.5 11.2 3a.5 .7 2a.5 2,9 2a.a ,7

15.3 14.3 26.0 57.4 a8.7 4.9 18.7 2a.o 39,7 9.3
21.1 12.6 SO.5 30a 6a.4 4.s $%2.324.4 42.3 a.o
32.9 0.3 39a 37.6 87.7 3.1 33.7 17.1 47.6 5.4
44.6 6.0 49.1 24.4 67.1 l.a 45.0 9.9 6s.0 2,9
56.3 2,7 58.s 11.1 66.s .5 66.2 2.6 58.2 ,3

25.3 14.2 S6.0 57.3 78.7 4.a 26.7 27.7 49.s 8.9
34.3 12.5 43.7 SO.7 B1.5 4.1 35.4 24.1 65.3 7.6
52.3 9.2 59.2 37.5 a7.2 2.9 53.0 16.9 66.9 5.0
70.3 5.9 74.8 24.3 92.8 1.8 70,6 9.8 78.6 2.5
aa.3 2.8 W.s 11.0 9a.3 .4 8a.2 2.4 W.1 .0

3a.4 14.1 49.1 67.2 91.9 4.8 59.7 27.4 .S2.48.6
W.6 12.4 60.0 59.6 97.8 4.0 51.7 !u.8 71.4 7.2
74.9 9.1 81.a 37.4 10847 2.7 76.6 16.8 a9.3 4.8
99.2 5.a 103.7 24.2 121.7 1.5 99.5 9.3 107.2 2.1
23.4 2.5 125.4 10.9 133.5 .2 12s.2 2.1 125.0 .0

!!.

E ).2 0.4 0,8 0.2 0.4 0.2 I 0.4 I o.a

G4 A: A: < ~ < A: ~ F! A:
1 , I I

3.8
3.2
2.4
1.5
.7

3,6
5.1
2.3
1.4
.6

5.4
3.0
2.2
1.3,
.5

d

3.’S
2.9
2.1
1.2
.4

mGq A~ A; Al

13.5 38.7 42.4 154.7 1S3.0
15.3 33.6 40.4 134.3 140.8
19.0 23.4 38.6 a3.4 106.2
22.8 13.2 32.6 52.6 W.6
26.5 3.0 28.7 11.8 37.1

21.1 38.3 B3.O 154.3 166.8
26.0 53.2 51.1 13s.9 151..5
38.0 23.0 E3.5 93.0 123,1
46.1 12.a E5.9 52.2 24.9
66,0 2.6 S6.2 11.4 66.6

l.J!!!
30.0 37.9 59.7 133.9 175.3
38.9 33.8 85.0 133.5 184.3
55.1 22.6 72.6 92.8 142.S
71.5 12.4 81.3 51.8 120.3
.97.8 2.2 89.9 11.0 98.3

43.6 37.5 72.6 153.6 18802
54.9 3s.4 alto 153.1 MO.S
77.4 22.2 94.9 92.2 184.6
cm.1 12,0 109.9 51.4 146.9
23.0 1.8 124.7 10.6 133.2

1’



TABLE II. - SUMARY OF IQNITION DATA AT SEVERAL ~PERATORES AND .mA-mvmPRE8SER2 FOR A DIALLYLANILINE-

TRIRTHYLWJNEKTXTREANE FC?DFUMINU MIRIC ACID

[4-In.-long, Z-in, -Inside-diemetar cembuetion ohamber; O.&in, -diameter exhaust nozzle.]

Run Average
proyllant
temperature,

‘F

I
I

656 120

655 120

664 120

425 99

365 79
366 60

367 40
426 a)

457
42-I :

L426 -m
374 -59
430 -69
577 -63
382 -92

tilmm
)Ombuetiou
)hamber
)r’eE@um,
lb/sq in.

gage

%54

a251

’224

310

a268
293

%86
308

304
308

308
273
S05
253
317

Pime to
ittain
ne.xhmm
~ombuntion-
ohamber
preasun,

seo

%.5

bl.6

%.5

.6
b,7

.9

b.4
.5

.4

.4

.4
1.5
.6
.5
.9

Term

)xidan

120

120

119

99

79
60

41
‘a

1
1

-20
-59
-69
-63
-92

wture, %

tiel Ambleri
air

120 79

120 78

120 76

99 67

79 ;:
60

39
21 E

66
: 65

-19 58
-58 51
-69
-83 ::
-92 66

‘rOpellant-
,njeotlon
)resBure,
lb\aq in.

gage

447

4’47

447

448

443
443

444
445

449
44e
462

-:2

aPeak pressure; maxiumm premfmre possible wa6 probably not attained.

‘Tim to attain peak aombustien-chamber presOure.

%0 proper record.

kad
)ropellanl
into
labwtiol
Jhamber

FM 1

Fue 1

Fuel

Otidant

Fuel
Fuel

Oxidant
Fuel

Oxidant
Oxidant

oxidant
Oxidant
Oxidant
Ozldant
Oxidant

?ime
tetween
let
retries
,nto
IOmblmtior
Ihamber,
❑illlseo

2Q.O

22.0

17.9

12.0

2$i

17.1
1.1

26::

11.1
46.3
28.9

a

me
)etween
.gnlticm
ml
lo,rnlal
]ombustion
)ioture,

mllia~o

0.2

.4

.3

.8

.9

.7

.4

.4

1.0
.8

.8

1::
1.8
.6

Ignitlol
delay,
millise(

14.8

15.2

15.4

12.9

16.6
14.1

2s).8
25.7

24.1
33.5

30.2
m 7
51.1
51.7
58.9

, a L

766s
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TAELB HI. - SUIQIARY04’IGlUT12+lDATA AT 120° F ME LTEA-L2V2LFfWSORE FM A -~

mmmmAHrm !uxlwRBMD RED FGWINaHITRICACID

(a) 0.2-Inah-dimmtnraxha!.utnoz.cle

Run nrl.mlm
Dabustial
hambu’
ceB6vr0,
lb/8Qin.
W@

*’CC
ttain
Wdmllm
Mbaetlon.
hnmber
r06Bure,

BOO

,atma, 9

ilel.W7ianl

lSQ 78
120 ‘m

Im (:!
121

lzl (a)

:2J (:]

119 m

118 78
U21 79
120 78

;; (:7
77

119 76

120 19

FopllMt-
njeotim
Peaeui%,
lb/oqin.
gage

Gmbwatim.
hamber
.9@&,

mku’atim
Wer
lawter,

in.

L.9ad
propellant
Lnto
)abMtim
imc+aer

ime
etween
et
Lltrias
Llto
ombu6tim
hamber,
millinmo

m.s
7.4

22.7
10.6

6.5

1::?
16.9

10.3

1:::

38,5
8.7
2.2
6.1

6.1

im
~twean
g’litdm
-d full
mtuntiot
Lotum,
nilltieo

rgdtill
ielay,
nillim

ver TFops lant
3mFa-atura,

%

Tml
xldmi

625
626

620
6E3

524

649
578
60%

548
E44

Im
12.7

lm
la

lm

12Q
lm
119

119
120
120

;Z
119

119

lm

sm
33s

$-f
%0
263
59s
170

20S
364
365

Uo
!290

%&l

‘%0

1.1
1.5

(;;

6.3

.4

.5

.7

.3

.4

.9

.3

.6

..s

d.4

~.s

R
I’m
122

119

119
120
120

119

N

lm
123
119
119

123

448
449

M

448

445
44.5
443

a
443

448
447
443
Ma

447

1
1

2
2

2

4
4
4

6
6
8

8
8
8

8

8

1
1

:

4

:
4

2
s
4

2
2
3
4

4

Fdel
Fuel

Fuel
Fuel
Fuel

Fud
oxidant
Fuel

Fad
P.ml
Fuel

Fuel
m.el
Flml

mel
Fuml

0.7
.2

.0

.3

2.9

.s

.8

.5

1.1
1.1
1.0

1.2
1.6
2.6
2.6

2.4

:::

1:::
18.4

1s.7
23.4
m.7

17.2

n::

14.6
31.1
34.7
39.3

61.0

1

697
5,99
915

514

581

~o reoortlobtaimd .
%xPlcOim deatrvd ohtier 2 milliaeoaftm isnitim,



TABLrIIII. - Omttied. SOMMARYOF IGRITIOHDATA AT 120° F AND =A-LEVEZ PRE9SUREFOR A DIAIiLYLANIUME-
N
0TRIETHYLAKWE KCXTURE AND RED FtlKftONITRIC ACID

(b) O.4-Inoh-di-ter exhaat nozzle

WOlllnt.
*tics

%&

ad
.q.nmb
lto
ati.
mt%-

litim
MY,
111s%0

me b

%9
dunMm-
1*
e-,

m

0::

.6
01.3
01.4
01,4

U

01.4
l.n

01.1
%.3
“1.4

,0
,8

a:;

(;!

,e
.e
.7
.7
,e
.7

.6
01.5
%.e

01.8
.6

0::
.s

.9

q

. ($

(:J

“ ::

::

TemP

1
16B.

116
118
lm
L1O
lm
Lm

lm
lm
120
120
120
lm
119
lil
1L9
lm
121
la

110

~]

121
11s

120
lm
123

11s
120
U8
120
118

As

119

M

p6

119

124
119
120

%—
,lont2!31

16.0
7.4

14.4
3,8

m.a
2.6
R.8
2.4

1s.5
m.3

.4
1.1
2.0
1)5

32. s
2.2
2.9
1.1
7.7

17.0
22.8q.a
&
27.9

10.4
20.0

22,0
17,9
34.1
0.4

22.8
19.3

1.9
11.5

2:::

s:::

11.9
3.0

1s.8
2.7

‘2S.6
1.0

0.=2
.2
.s
.s
.6
.3

<::
.s
.2
.4
.9
.5
.3
.4
.8
.4
.6
,s

::
,0
,5
,4
.7

.8

.s

.4

1:3
.4

1::

.9

.3

3:!

.0

.7
1.0

.s

.7

1::
e.4

;::
6,4
5.5
8,8
6,3
6,4
7.1

7.’2
1.s
7.5
9.0
9,’2

12. o

M
1*.9
16.8
19.0

6.8

1::;
L3.1
11,3
aa, s

8.0
14.6
15.2

18.4
EU.8
2+. s
a4.7
31.0

1:::
&s.o
35. s

1%:
2s.0
=.4
s4.6
48.1
48.3
4s.4

u’
76
76
78
79
70
77
e4
72
76
11
77
02
M
79
S6
lB
eo

76

:
n
$

88
19

72

70

z
78
La

81
72
92
6-2

e5
69
74

U
62
72
13

~
447
4*

M9
449
451
440
4S3
449

::
444

1}

447
44a
440
44e
44B
441

440
447

467
447
41!a

441

462
446

448
449

S9
448
444
44*
446
Un
442
444

?uel
Fuel
F-J.1
TU*l
mel
mel
6M*1
6%01
Fmel
mal
G-ddmt
Fuel
oxidant
ml
ml
Fuel
F.&l
0xid9r,b
Fuel

~

ml

PM1
ml
ml
2U01
Orlant
ml
Fuel
6U*1

Fuel
Euel
?IW1
6U91

PO*1
Oxldm.b
Fuel
Oxlctmt
Fuel
Iuel
PQ.1
m.1

118
123
la
120
1!22
1X
120
lm
lm
1s0
m
m

%
122
118
lx
1s1
1=

119

1s
119
m
119

IN
lXI
12.3
1s0
119
119
lm
118

120
119
119
lm

;;:

119
la
U$
%?2
11s
l’al

1
1
1
1
1

1
1
1

b
4
4
4
4
b
4
4

8
8
e
6

8
0
e
e
8
e
8
a

!2

L

%6!2
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frmlm III. - Cdooludaa. SUPHARYOF IQtlITIWDATA AT 120° F MD S3A-LBVEL== FIX A MALLYLSJi~-

~~AUDRED~ HIIRICACID

(o) 0.8-Inoh+liametere?immt mzzle

Yme to
lttain

IWIMmtim.
Ihaulbm”
IMnaulw,

eeo

ropellmt
nJeOtlOn
UWB8!LW,
lb/Oq In,
w

)mb.wtlcm
)hamter
.nnath,

m,

2
2
2

4
4
4
4

6
6

a

8
8

pltsm
clay,
11.llae.

m-w
rof.ellant
e~eratie

%

tmimm
-Hon.
hambar
rmmlre,
lb/8q in.
SW

tit im-
hmber
lmnta.,

in,

03ad
a..qmllant
nt 0
cmhlation
IIlambor

Ruel
Fael
Fuel

Fuel
?uel
Fael

Fuel

Fuel
Pla 1

Fuel

O?ms.1-lt
Otidant

h
atween
et
ntrieO
nto
Ombuatlm
hmber,
milli8ea

1:::
18.6

1.4
13.3
27.9
24.6

12.0
22.9

15.4

CA

ma
Ok-1ean
gnitlcm
ma full
Omtmatiol
lob.ire,
millieeo

—
573
491
492

5?1
5as
46s
932

570
407

490

4.96
431—

120

:2

119
la
lm
122

119
120

120

lrm
120

0.5

:;

::
.5

0.4

::

~.s

0.6
.5

1$?2
120
la)

M
U9

122

119
12Q

lal

x’

::
119

1’XI
121
12U
123

118
lm

123

120
123—

447

4KI

:2
464
441

449
448

U9

435

1.9

1::
1:?
1.4
1..9

1.2
2.0

,4

1.0
1.4

29.8
27.6
33.2

27,6
38.8
U.9
46.2

53.3
S8.1

%.6

37.4
55.8

I

%0 moor-i Cbtalned.

bpO@.k~9EBlU0J mhximlmprmsun Walble Mm ~bably not attalaod,
‘Time to attainpmk ombuotlm-oha.mber prammme.

dw in MM to reoording imtmrant.

I
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TX3L2 IV. - 2U’MWRYOF IONITIONDATA AT 68°F AWD SEA-L2?ZLFREWUR2 FOR A DIALLULANILIIU-

~ KUTURB AND FC8DFOHIHOlWIFIIOMID

[0.2.In.-diameteretiust nozzle.1

‘imeta
lttain
&mm
!GAUBtim.
Ihamber
)iWBmure,

meo

am
—
uel

—

.s9
70

69

68

::

07
68
68

69
.88
67

88

88
68

%

68

87
69
88

69—

, w

❑bien
*

71
76

77

71

;:

::
75

69
7E
7a

m

H
87
71

m

‘1(;6

al

448

4HJ

448

447
447

443

44-7

2:
443

443

443
449
U9
447

u

449
446
449

443

~ek pres.ura; MXIM pressure pc+Mibl#mm probablynot attid.
bTIM to attain lmak OmLUstlm-ohaInber Premllre .

%-P1.1OU mmlrl’ed Q.5 ■illiseoarter ignition.
klwian oamrred, tima of ooourremaedifflmlt to detmmine.

mkusticil-
Mmber
ew’:&

1
1

1

1

2
2

2
2
2

4
4
4

4

6
6

:

e

8
8
a

8

~tlm.
hamber
lawe,

.sa~
Gwjmllan
,nto
lmbu.9tio
,ha,bar

Fuel
RI*1

Rlml

P.ml

oxidant
PJel

FU*l
Fuel
nlel

Fuel
Fuel
Fuel

Oddant

Rel
mcidant
Fuel
Fuel

Plel

Fuel
mel
m.lel

Fuel

ima
etmman
et
ntriaa
nto
wb.mtia
hamber,
tilliseo

7.6
2.4

4.7

6.B

P.5
2.2

8.1
4.e
6.7

19.3
4.3
8.3

23.8

*.1

14;:2
2.7

54.e

1:::
3.5

9.2

w
etween
gnitim
md
lml-mal
Iombwticr
IIoture,
MI1llB*O

043
.2

.2

1.2

.2

.4

.6

.5

.4

1::
.2

1.2

.5
1.6
1.3
.5

7.6

.0

.7

.8

1.4

gnitiol
slay,
lube!

3.5
9,1

11,2

15.0

8.0
8.4

11.1
19,%
‘mOo

8.2
16.0
28.7
37.6

2:;
2.9.0
38.0

m.7

2$::
41.9

%.0

.
%6!2

. .
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I

1

\

I k!

TABLEV. - 3UlMARYOF ~~o?i DATA M 0° F AND W-- PBX22UREFC41A MALLYL#Ji~

[0.4-In.-di.9.w*exhuwt ncmzl

Icgbustim
lhambcm
I.lamtitir,

2

3

4

2
2

3

4

:
4

:
4

!ti
)Mtwaan
.pliticul

1~
l~tlol
lia!wra,
mllliaeo

1.9

.4

2.3

1.0
.8

1.s

1.7

;::
3.2

1.6
8.0
1.6

gnltlol
~w,
Illlfie{

FaulA“-rprope hut
temgw@mrO

%

F* im
Ittain
mximlm
Mmbuatlcm
)h&lmm
rwuurn,

mea

--@e rOpellmt-
njeotlon
LWeaurw,
lb/aq in.

gag

451

4s9

449

::

444

442

460

458

443
43s

Cmmtion
hamber
eng~,

2

2

2

4
4“

4

4

E
6
s

a
8
8

ead
romam

MMLltia
mm

imn
etween
et
ntzlm
nto
cmbust h!
hnrhr,
mllliaeu

5.8

<.2
5.6

2::

10.2

7.8

;::
26.2

:::
6.0

~

tie:

—

.2

0

0

:

-1

2

-2
1
1

3

-:—

llr

88

6.9

66

86
M

65

(e)

H
59

(e
OJ

(a)
b&37

b197

304

b212
b
213

S20
336
Sm

310

542

(a)

00.6
0.6
0.4
.4

‘3.5

0.5

0.4

::

0.4
.3
,4

&ddant

(a)

CXldant

0x4danb
Oxidant

Fuel

Oxidant

tidut
oxidant
Oxidant

O-xidant
Wddfmt
Fuel

33.5

58.4

4??.1

24.1
33.5

41.1

49.7

33.0
38.5
59.9

38.8
48.8

~

-2

-1

0

1
1

-1

1

-2

:

-:
-2

1458] o

1
0
-1

1

-2
1
1

s
o

14491 -2

~tilo.im wcurred 7 milltieo after @nltiOn.
“Peakpmmmw; mri!rmmpreamre pcwible wan Wobably not attained.

a~w to attain peak owtwtlm-ohamber premum.

%M propellantseutereiomnbustiunoh-r In B@Oa ■otion-plobnw II-am..

%0 proper data.



TAJ!L2VI. - 90H3L4RYOY IWTTIOU OATA AT -9W F AND 6EA-LWEL MFS20R2 FCflA U~-

~ HIXTIMEAHllR20 ~ h_I~IOAOID

I

Ombusbi.al.
Ohmk.m
W@J,

I
0,2-In.-diMet4r exhaustnoxsle

645 -.29 ~07 bo.s -28 -89 08 4E0 4
b

3 071dnnt

5s1 -.99 a215 .4 -69 -89 66 M2 4 4 mel

Ma -93 190 .4
::7 i:

442 8
;:

2
647 -89

Oxidant
.5 8 5 Oxidu-lt

542 -87 a12a b.s -89 44 60 442 8 4 Fuel

—

1656
SKI

%7
442

577
432
876

4u

368

437

+35

407

-s2
-90

-90
-90

-63
-s2
=39

-s9

-69

-80

-91
-69
-s0

%::
189
314

233
205
(f)

*

822.9

308

z?
S22

0.8

b2.2

1.2
.6

.0

($

.4

bc4

,4

,8
.2
.2

-94

-90

-m
-60

-2s
-62
-89

-’39

-89

-91

-22
-89
-m

—
-90

-90

-89
-90

-63
-91
(0)

43

-89

-m

-90
-80
-6a
—

O.4-In

48

72

46
62.

a

(:;

57

26

63

48
M
20

~inmtw ●x

1448

462

445
4E2

446
446
446

4m

4U

451

446
44.9
449

ut nrxzl

2

2

2
2

4
4
k

6

6

8

8
a
8

me 1
C7.idant

Fuel
WI tit

O?ldaub
Ofidant
Otidant

Ozldant

oxidant

Oxidant

Flwl
Ofidant
Fuel

II
7.0 7.7 47.8

4,4 11.2 a4.a

5.6 5.4
4.3 9.a .$’::

10.4 2.a 114

7.3

20.1

8:::

2::
1.6

17.0

41.s

56.0

3&;
3.1

ao.o

1.7

3.2
4.3

1.8

R

X3,3

5.0

10.9

1:::
18.0

).6-In.-di~t0r exhmmt nofmle

604 -90 63 0.s -90 -20 5 448 6
-90 a4

Ofidant
.5 -90 -24 36 446 ‘a

3.9
: Oxldmt I I 8a.7

1.1 H 106

40,5

43..9

E3.1
@.3.5

51.7
59.s
04.s

04.3

.97.7

4s.5

3s.1
68.8
9a.7

Ea61 -90 60 I .4 -90 -ml 51 446 8 2 Ozldant 4,9 5.7 60.0

%etipr...umj -H prmmme possiblewan p.obablynot attained.

~=:: .nk Oabnatlm+Mmb.n Prea.u..

h cad. with two-on-me in$eotar.

hc+kleetrnotiveexplmlon ooourred4 tinec SKt+rl@tion.

‘EZTlcaicmd&strrue.iohatdmr;tlma of emu’renoe dlfflaaltta detee.

r x

%’66’2
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TABm VII.. ,smum OF mmmw DATA AT .mvmAL m.mimcm MD A F?M.90R3 ALTITIUE OF 90,CFW m ?OR A DIALLYHKUIX&
~

TRmInYLPWJliEWXmJR2 MD RED FG’m03 HITAIC Mm m.

Run A-r %R&- R% !rempnm*, 9 Rwmllmb :hcd@.lnlb.lnicm-oabu~im L%ad ‘rime mm
prom M-It In.leotim

%itlrm

tim~atia, Ctier M@Jlmlm
Qrop%llant b9tween betvmn

oxidantRI*1 Ambientpremmu.e,
~h,

laWt#
*

-t+r, tito j*t
pream,

Ignitim
cOtiticm- alr lb/sq in. in.

millisaa

lb/Bq in. tier
Qdmu tion an.tries and

m ohamber into
g-e

normal
WWWe,

aeo
Omtusbion Oombuation
ohambar, pioture,
Dillineo MilliBeo

0.2-In.-diamter exhaustumvzle

641 119 225 0.5 la

H

118 a 442 2
S40

2
123 145 119

m-l 27.0
a 447

0.5 7,1

622 119 365 ::
Fuel

119 H+ a
..5

451 :
11.0

4
: FLle1 M.* ::

%: Hi
U

.0 120 119 a 447
17.0

e 2 mel
a IJ.e

30.5 12.5
119 8.9 444 8

see ;
2

119 b lle 123 90
Fuel

4-53 e 4
1:; 24.7

Fuel 4:: 1.3 42.2

472 la 296 0.0 120 lW e2 44a 2 2
471 lZQ .5 119 120 m

Fuel
440 8

0.s
2 Fuel ::: .6 1:::

473 -w 243 .8 -w -w 84 459 2 2 F!lcl 11.s ..9 44.6

I 0.2-In.-diameteraxhmub nosslo .

Slo la) 46 0.4
611

lXJ 12Q 72 4s1 2
119 108 119 86

613
U7 :

:;
2

1X) 83 lF?I :% 69 491 a 2

-91 086 d.6 -91 -91
:: (a)

4s1 2
-w (a) -w (a) Z 449 8 4

bTJ9 -90 010 d.1 -90 ~g (;~ 448 a
-90 07 .5 -93 447 ~ B :

%0 Iaxa.d.

b&PIWiM dentroymdohember9 milli6eoaftar ignition.

‘Peakmeemu.ej ~ prenmu.epaniblc wan probablynot attained.

%Ine to attainpLk OmboBticm-ohaWle,pr.mure,

m

N
Cn



26 NAC!ARM E56F22

.

TH m. - .5ukuuwa nnmxm DATAAT120°F mm 22A-- PH6SSUMFORA DIALLYIJdiILIN2-~m

~ ANDREDFUl~10NITRICACIDIN COJIE17STION~ WITSVARIOUSmNER-wAU 20RFACS2

[4-In.-lon.6,2-in.-lnside-di.me*.mbu6tlon-be.; 0.4-it’i--dM@@r*uSt nozzle.1
kverage mxduIOm Timeto Temparatum,‘+ PrOpellant-had Time Time
pmpallant

Ignition
cmblJ8ti0n-attaln injeotion propllant between between

kmperamre, Chamber
delay,

ma%imum oxidantFuelA_ugientprm-, into
% pIW8uure,

let Igmition tilliaeo
cc@JkzltiOn- lb/sqin. combustion●ntries and

lb/sqin. Chember s- ohamber into
gage pressure,

normal
oombuetionocmbustion

seo . ohamber, pioture,
milli6e0 milliseo

9m00th

656 lZU %-4 %.5 lm 120 79 447 Fuel 2Q.O 0.2 14.8
655 la %51 bl.6 la lXJ 78 447 Fuel 22.0 .4 1s.2
654 120 %24 %.5 119 lm 76 447 Fuel 17.9 .5 15.4

Screwthreaded—
627
628
64S
644
645
646
647
648
649
650
6S1
6S2
65S I121 73

lx! 73
121 75
121
la %
l= 75
la 75
121 73
121 71
IN 67
la i3
121 76
121 72

451
449

447
449
4!m
449
447
44.9
449
448
449
447

as
230

0.7

1::
%.5
1.4
bl.s
%.5

[:1
bl.s

;:

121
119
120
Km
l!ZQ
119

ig
119
120
119
119
l=

Fuel
Fuel
Oxidant
Fuel
Fuel
Fue1
oxidant
oxidant
P+pl
Puel
Puel
Fuel
Fuel

25.s
2.6
4.3

2:;
54.1
12.9

54:?
‘23.9
So.s
1.8
19.1

0.5

::

::
.6
1.s
.5
.6
.6
.7
.4
.5

11.0

E::
19.6
12.7
11.4
17.9
18.9
9.7
11.2
11.9
18.5
11.2

la
120
123

%69
246
a234

.

“

am120

7’-3
a261

Sandblasted

650 119
I 290 0.9 118 121 78 I 45s Fael I 9.6 I 0.2 16.2

Finned

610 la J(d) la 120
%.7 1!23 lm
.7

H

121
d % 120
d 119 121

lm
: 120 %

%.5 120
b(d) 120 %’
1.6 119
(d) 119 ;%

82
6.s
70

::
71
74
82
73
77
82

U7
444
449
446
44.9
44.9
4s1

Fuel
Fuel
Fuel
Fuel
Fuel
Fuel
Fuel
Fuel
Fuel
Fuel
Fuel

3.1
4.2
12.5
2.1

a::
27.6
S.2
6.o

1::

0.6

1::
.9

::
.6

::

::

17.7
18.9
15.0
21.4
=.1
18.5
19.2
17.1
19.6
19.8
23.2

611
631 :%
32 12U
S33 120
56s
566 W

L367 la
368 120
j90 119
;91 lx

450
446
450
449

‘Peakpressure;maximmpresmrepossible w probablynotattained.
bTime toattainpeakcmbustim-ahamberpressure.
%0 prop.mm%.
‘%JJIosimw aurredQ.5 milli8eoafti ignition.

.

.
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CR-4back 3994

I
lABIEn.- 2UMlWY@ I_ONMTAAT 4&F AHD6W.-IEWEL PKWWRXFQRAD~-

~MHlUFG3AI?DFKDFUKU?Ci ICHTRICACID

[5-1..-long, 2-I..-inside-dieme-tcrcombustion chamber; O.sin. -dlmeter exhawt nOZ!de. ]

I

kdmum
munbuetlon-
hember
)reseure,
lb]sq in.

.9@

Tfm to
attdtl

ccmbustion-
Chamber

pressure,
MC

TaJqeratum, SF hpekt- lLA Igmttion
delay,
Ld.lkLe-9c

h-enage
propel-

l.mlt
tempr-

Bture*

‘%

!LLm
mtween
et
ntries
nto
ombustiou
hemlwr,
milllmc

Mms
tdwen
lgoition
ad
nald.
zombustIon
Qlcture,
Urlllisec

.n$ctlon
)reOsul-e,
lbjsq in.

w-w

prO@3.ani

intc

Caabwtior

chamber

c%d.-Fwl Comtexlt Ambient
dmt teU@ra- .ZII’

ture

bath

[

725
726
727
-12E
7ZS
7X
731
731

IIJ

1
39 39
39 39

Zz
4039
41 40
40 40
40 40

39
39
39
40
40
4C
40
40

360
330
(a)
354
350

363
(a)

0,7

(i;
.7

40
40
40
39
39
39
39
39

67
62
67
64
65
60
55
3% L

449 Fuel
450 IWel
450 CM.dant

M.dant
447 Fuel
447 Mdant
443 Fuel
449 (c)

10.0
5.1
3.4

7$
5.1
4.5
<2

0.6
.5
.4

(i;
.5
.8
.8

19.3
2.3.4
25.9
28.4
2P;

24:0
27.1

%ml.dm Occurred2 mlllisec aftar ignition.

%0 tiuhg marks on film

cBoth pro@lants entered combution ch9mber In ~ motion-pictura fram.

I



%EG.
‘%

l--676 -80

>26s -96
674 -89
655 -w

[aximm
,mbuatlcm
,hat@er
Irwmlre,
lb/sq in.
gage

a187
Ems
m
2U
241

2m

182
2m
177

M.m bo
lttaln
!a21MIt0
Kc&7uStical
hamber
D?OBW,

aec

bo. s

.7

.E

.5

.7

0.7

.6
,6

[0.4-In.-d.iametareximmt n-.le. 1

atame, w

f

Uel Ambienl
eir

120 82
117 80
121 7a
la B9
118 w

-90 64

-95 63
-89 5s
-90 69

‘rOpllaot.
nJ*Oticu
reaoure,
lb/aq in.

447
440

W
4ss

443

441
448
443

aPOak pmnmre~ ~ p.nnoure possible wss probably Dot attnirmd.

%“& to nttain W* Ombu.tic.n-oharlaer Plwomlre .

‘Frc.mref. 7.

%0 prqmr reoord.

‘T
II

e Filer
; & Fuel

4 e Ozlomlb
e e ~el
.9 4 Fuel

2 e Fuel
4 e Fuel
8 e Fuel
8 e oxidant

he

Btvmn
B*
ml?im
ntio
3*unt10
lmber,

nilli@eQ

:::
0,7

1:::

1.7

4.1
12.1
3.$

h
etween

gnltion
Od
Omal
OmblE=blm
iotllre,

inao

0.9
S.1
1.0
2.s
5.7

1.6

10::
7.3

3.8
8.0
2.1

1:::

8,3

N
.9.0

.< L

%6s

if
N
N
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.

TABLEm. - VARIATIONINIGNITIONDELAYDUETODI!mERENcEsINPRESSUREALTmUOE

Run

ea-
,evel

520
549
548
697
514

642
445
452

573
492
488

(b)
446
446
(b)

IO,OCK
~eet

541
540
522
568
598

472
471
473

510
511
513

509
507
539
506

proximate
ropellant
anpmature.

OF

120
120
120
120
120

120
120
-90

120
120
120

-90
-90
-90
-90

khaust-
Lozzle
liamterj
in.

0.2
.2
.2
.2
.2

.4

.4

.4

.8

.8

.8

.8

.8

.8

.8

ombustion-
hamber
ength,

in.

2
4
6
8
8

2
8
2

2
2
8

2
8
8
8

ombustion-
hamber
iameter,

in.

2
2
2
2
4

2
2
2

2

L4
2

4
2
2
4

aSmaLLdifference(withinexperimentalerror),S.
Significantdiffez%nce(“10to20udllisec),M.
Largedifference(?150mi13isec),L.
bNoactual&ta.
cCJbtainedby extrapolationofotherdata.

:gnitiondek

ka-
.evel

8
14
17
15
39

9
17
44

27
17
15

%3
60
60

%4

‘O,m
‘eet

7
12
17
12
42

7
16
45

33
35
34

329
316
317
287

, Udl.lisec

)ifference
(a)

s
s
s
s
s

s
s
s

M
M
M

L
L
L
L

.— ..— ..— — —— .—
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TABLE XII. - COMPAKt~N @ I@IWtOIi AND OTHER DATA FOR VAFCCOU2TYPES OF COMWHEIOM C3AMB3M

C!hmhsr typs I!mer-swface area lkkal inner-surface area R&tive ECfeotive @&~t~fJ~. I@tion &g@, ~l~~c

(A-in. -longj of Jlla8tio oylln- of ccmhratio. ohmntar eurfaca -r
2-in.-I.D.) der, sq in. with o.4-inch-dieJmter area, area, Volwm ,

Actoal Ralative
e-t nozzle, Ati eq in.

-~ntia Celculatelg

4, &
cm in.

Actual M.#cive aq in. Bq in,

DKmtllWasied 23.6 1 30.5 1 9.3 30.8 11.e 15.1 L5.i’
crew threeded. 32.8 1.4 39.6 1.3 9.3 48.9 U..8 .U.8 19.3
d blasted 42.2 L.8 49.0 1.6 9.3 58.3 U..8 16.2
Y.nwa 61.5 2.6 68.4 2.2

23.0
9.3 77.7 KL.5 19.4 30.7

aAverage values at 120° F.

b~m q. (4) at 120’JF.

, ,
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TABLEXIII. - COMPARISONOF IGNITIOND&CA

ON-ONEANDTWO-ON-ONEINJXCTION

AT 120°F OF ONE-

SYSTEMS

[0.4-In.-diameterexhaustnozzle.~

Run Combustion- Combustion- Igoitiondehy,millisec
chamber chamber
length, diameter, One-on-oneTwo-on-one

in. in. injector injector

622 1 1 6.4 ----
659 1 1 ---- 6.3

357 2 2 12.9 ----
614 2 2 ---- 13.1

463 8 2 . 26.4 ----
634 8 2 ---- 25.0

447 8 4 48.3 ----
612 8 4 ---- 48.4

. _ ——___.-. ——.



32 NACARM E56F22

Aminea

357,614,
642
466

654,655,
656

445,463,
634

447,594,
612

358,636
445

437,635

. .
TABLEXIV.- COMPARISONOF IGNITIONIWI!AFORTWOFUELS

[0.4-In.-dianeterexhaustnozzle.]

Un

Thiophos-
phiteb

550

553
C258

557

556

575
C255

555,574

Approxi-
mate
propel-
lant
tempera-
ture,

120

120
120

120

120

-90
-90
-90

Combustion-
chamber
len@h,

in.

2

2
4

8

8

2
4
8

Combustion-
chamber
diamter,

in.

2

4
2

2

4

2
2
2

Averageignition
delay,millisec

Aminea

SL.8

25.9
15.1

22.9

48.3

42.2
51.7
49.3

Thiophos-
phiteb

3.8

6.0
2.1

4.3

13.2

8.3
4.9
6.5

%3 Percentdiallylanilineand43percenttriethylsmineby weight.
b‘lriethyltrithiophosphite.
cFromref.7.
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TABLE xv. - COMPARISON CF IGKJXCON DATA FQR 03MBUEZ7.ONCHAMWFS w~ 21KCM mm aIRFA12EARW3 M
Run

520
524

591,717
586

348
465

524
566

569,697
M-5,463,654

606
353

446
491

515
444
563

563
486

514,581
L47,594,61Z

545
358,636

561
442.637

Lpprotimde
1rop31JeJlt
Zmrperatl.n’e,

%

120
120

120
la)

120
120

120
lZKI

la)
la)

120
m

120
123

120
1.20
m

120
120

120
120

-90
-90

-90
-90

tibuation-
kwnber
Length,

In.

2
4

1
6

6
2

2
1

e
8

4
6

4
2

8
8
k

6
8

8
El

4
2

4
2

2ombuBtlon-
2hember
tiem3terj

in.

2
1

!

2
3

4
4

2
2

4
3

4
3

3
3
3

4
3

4
4

3
z

4
4

‘Clo6elyshdhr ~ values rd available at -90°F.

bb.lst-
nozzle
U.amtar,

in.

0.2
.4

.4

.4

.2
,4

.2

.4

.2

.4

.2

.4

.4

.8

.2

.4

.8

.2

.0

.2

.4

.2

.4

::

ibtalinnar-
mrface area
ti combustion
&mber, ~,

sq in.

18
3-3

12
19

43
31

46
35

56
56

73
69

73
31

88
86
50

98
07

E5
123

50
18

2

Mfective
surface
mea,

%
.9qin.

a.
23

26
26

45
44

51
49

56
5a

75
75

82
82

6a
90
87

99
98

123
125

‘%5
51

77
81

Neraga

Lgmition
S.slay,

niJJ1.sec

;

n
10

17
11

18
19

23
23

27
25

31
26

35
3s
36

38
37

51
48

48
42

65
67

I
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(b)Photographofassembly.

Figure1.- Small-scalerocket-engineignition-delayapparatus.
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Figure2.- Comparisonoftwoer@rm-a6smnbly ocmlmetion-ohember 6izes.
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a Combustion-chamber

~0 diameter,1 inch.
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Figure6. - Relationbetweenaverageignitiondelayand combustion-
chamberlengthat 120°F and sea-level

?
ressurefor variouschamber

diametersand exhaust-nozzlediameters diallylaniline-triethylamine
mixtureandred fumingnitricacid).
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Figure7.- Relationbetweenaverageignitiondelayandcombustion-
chsmberdiameterat120°F andsea-levelpressureforvarious
chamberlengthsandexhaust-nozzlediameters(diallylaniline-
triethylaminemixtureandredfumingnitricacid).
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Figure8. - Relationbetweenaverageignitiondelayandexhaust-nozzlediam-
eterat 120°F andsea-levelpressurefor4-inch-longchanibers(diallylani
triethylaminemixtureandredfumingnitricacid).
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Figure 9. - Igo{tion Lelay of 57 percent diall.yl-anillneend 43 Woent triethylsmineby weight and red fwming nitric
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log’c= log% - 0.001608T- O.zl.l

o Ave.values
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Figure12.-Variationofratioofignitiondelayto totalinner-surface
areawithpropellanttemperature(diallylaniline-triethylaninemixture
andredfumingnitricacid).
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