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AStudyontheevaluationoflinearburningrateofagas

generatingagentinaclo卓edve88el

TaknhiroHayaShi',ReiMiya88kn',YujiWada'●,TadamaBaHarada'榊,

MitBuruAnai'.andMa8amitsuTanura'

52mldenagrationtestapparatusi8aClosedve的eltoevaluatecbaraCteri8tic80fga8generating

agentSwithSmallamountofthe8ample.An evaluationmethodofthelinearburnlngrateOfga8

generatingagent8byfittingaSimulatedtime･pre88ureCurvetOreBult80f52mldefhgration

testapparatusW88e8tabli8hed.Theeffectofheatlo88W88takenintoconBiderAtioninthis

8imulation.TheLime･pre88ureCurVe80fexperimentalre8ult8with8inglebasePropellantWere

in叩reementwith8imulatedcurves0bt且iJledbyiJlputOfalm08tthe8ameValuea8reference8

intothecoeqICientaandtheexponentA_ThelinearburnlngrateOfa即8generatingagentcan

beevaluatedwithSmallamountoftheSamplebyusingthi卓method.

1.Introduction

Automobilei8indi8pen88blefortran8pOrtation

inmodern80Ciety.Butontheotherhand,alotof

peoplearekilledintr8mcaccidents.1norderto

protectdriver8andpa88enger8from traffic

accident8,81m08tallofnewcarsareequippedwith

airbag8y8tem8.WhenatrafrlCaccidenthappens,

a8en80r8en8e8the8hockandSendtheSignalto

theinflatortoburnthe印8generatingagentiA

theinflatormodule.Thi8generatedg88inflates

theairbag.

Agasgenerating叩enti8requiredvarious

characteri8tic88uCha8highlinearburnlngrate,

high ga8generatingemciency.nontoxicgenerated

gas,etC.Inordertofulfillthe白eChAraCteri8tic8,

Organiccompound8thatCOntainmuchnitrogen

like5･amino･lH･tetraZ01eareusedA8fueland

metalnitrAte8areu8eda80Xidiヱer.However.new

ga母generatingagent8arebeing8tudiedforfurther
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reductionincostandcontroloftoxicg88generation

underthecompetitivecircum8t&nCe.

GenerallyVieille'8law,I--apt.i8appliedtothe

linearburningrateofpropellant8.L･denote8the

linearburningratelmm･8~l】,pdenote8pre88ure

lMPa].andthevalueofthecoemcientaandthe

exponentAareimportantforthedeBignofanew

i血 tor.Thevalue80faAndAAreu8uallyobtained

fromthere8ultofthe8trAndburnerteat.They

canalsobeevaluatedfromatime･preB8ureCurve

obtainedfromtheresultoftheclosedchambertest

withtheaB8unPtiorLthatthevolumeofburned

Samplei8proportionaltothepre88ure.ASmall

closedve88elwasusedinthi且Studytoevaluate

thecharaCteri8tic80rnewgasgeneratingagents.

Atime･pre88ureCurveCanbeobtainedfromthis

apparatu8with8mallamountOf8ample.Butina

8mallerclosedve88el,the8PeCirlC8urfaceareaOf

theveB8eli8toolargetOneglecttheeffectofheat

lo88,andthi卓aErect8thepre88ureprofile.Inthis

Study,eStabli8hmentorthemethod,whichevaluate

thevalues0faandAbySimulatingthetime･

pre88ureCurveObtainedfromtheapparatus,W88

tried.

2.Calculationandoxperirnent

2.1MeasurerTlent
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The52mldenagrationtestapparatuswasu8ed

inthisStudy(figure1).ThevesselconSist80fa

combustionroomandanupperpart,Wherethe

generatedgasdifruses･An dithasastraingauge･

electrode8,anichromewireheater,agasoutlet･

thermocouples,amultiholeplateandheat

insulatorstomeasureburningcharacteristics0f

asample.Ignitionchargeisignitedbythenichrome

wireheaterandignitegasgeneratingagents･

Fig.152mldenagrationtestapparatuB･2.2SarnpJ



Nu=0.023ReO･8prO･3

whereNu,Re,PTdenoteNuSSeltnumber,

Reynoldsnumberand Prandtlnumber

respectively.lnthisstudy,theheattran8rer

coefrlCientwasassumedtobeproportionaltothe

0.8thpowerofthepressure.Compositionofthe

generatedgaswasCalculatedbyachemical

equilibriumcalculationprogram.

3.RosuJtanddiscussion

3.1Effectofheatloss

Toexaminetheeffectofheatlosstoatime-

pre88ureCurves,the52mldenagrationtestswere

performedwithtwodifferenttypesofpellets.The

SampleSu8edintheseteSt8Were1.5【g】ofHAT/

KC104(15piecesof100【mg】pe)letand6piecesof

250LmgJpellet)2'.Theformofthepelletwas

cylinderandthediameterwas7.15Lmm).The

thickness0floo【mg】pelletand250【mg7pellet

wereI.99lmm】and3.44【mm]respectively.The

resultsareshowninfigure3.Themaximum

pressureof15piecesof100tmgJpelletwasabout

2【MPaJhighertha)Itlmtof6pieces0f250lmg】

pellet.Becausethe100lmg】pelletwasthinner

than250【mg】pellet,itburnedoutfasterandthe

totalquantityofheatlossduringthecombustion

wasless.Soheatlo88WasCOnSideredtoaffecta

time-preSSurecurve,especiallymaximum

preSSure･
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eurVe3.2lgniti

onchargeThecombustionoftheignitionchar

geinthe52mldeflagrationtestapparatuswas

SimulatedontheasSumpLiomthatthehighte

mperatureproductsproducedfromthecombustionofignition Chargegraduallyradiateditsheat.Thec

omparisonoftheSimulatedtime-preSSureCurveandt

heresultoftheexperimentareshowninfigure4

.Thetwopressurecurveswereingoodagreement,e

speciallyinthepartofpres8ureincreasing.Soth

isresultwasadaptedtothesimulationofsamples.
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ThDTdFig･4Comparisonoftheexperime
ntaldataoflgnitionchargeandthesimula

tionresult3.3Sing一ebas

epropellantAtime･preSSureprofileofAPieceOf

singlebasepropellantinthe52mldeflagrationte

stapparatuswasobtainedandasimtllatedtime･pr

esSurecurvewasfittedwiththeexperimentalreSu

ltbyv叩ylngthevaluesofaandLlbytrialan

derror.Thegeneratedgascomposition,cal

culatedbyachemicalequilibriumcalculatiorLP

rogram,usedintheSimulationisshownintable

2.Wh eninput1.43intoaand0.77intoLl.theexperim

entalresultandsimulatedcurvewereinagreement

(figure5).Thesevalue白arealmostthesamewit

hreferences.Toexaminethereprodueibili

ty,the52mldemagrationtestwasperformedthreet

imes(figure6).ThesameheattransfercoeLrLCient8

WereappliedforeachSimulAtion.Thevalues

ofaandLldeterminedbyfittingtheSimulatedcu

rvetotheTable1tleattransfercoeLricientofeach

partoftheapparatuSduringthecombustionofigniti

oncharge h
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Table2Theresultofchemicalequilibriumcalculationforthe

compositionofthegeneratinggasesfrom81nglebase
propellant

CO CO2 H2 H:0(g) N2
0.2Con°.【%】 40.4 14.3 10.8 22.

3 ll.7 0.0VoILmmol) 18.3 6.5 4
.
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IO)8d B00 1aX)ThDrdFig.5Comparisonoftheexperiment
alresultofslnglebasepropellantandthesimulation

result(1piece)
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rdFig.6Reproducibilityofthepres8ureCu

rveOfsinglebasepropellant.Tab一e4Thevalueofa

andnoftheSimulationa nsimulationl

l.43 0.77simulation2 I.5
5 0.768imulatio

n3 1.80 0.70Tabl83HeattransfercoeLricientofeachpart
bftheapparahlSduringthecombustionof
Singlebasepropellant(1p

iece)hlJ.m.28.I.KLl
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ultiholeplate 8.0×103Stainlessnng 8.0XlO3

Ceremicring 1.6XlO3Castedceramic 1.6×lO:Ih

q) .一■ Multiholeplate 1.5×103書 邑 Ceramietube 3.0×10:IStainlesspipe 3.OX103 experimentalresultareSh

ownintable4.Thesevalues,especiallyvalues

OfLZthatareimportantforthedesignofaninfla

torarealsoagreementwithreferenceS.The52ml

denagrationtestwithtwopiece80fsinglebasepr

opellantWasalsoperformed.Thegeneratedgasflo

wintheapparatuswithtwopleCeSofsinglebasepr

opellantisthoughttobemoreintensethanth

eflowwithonepleCe.Becausetheintensityoft

hegasnowaffecttheheatlo88,theheattransfe

rscoemcientBgetlarger(table5).Thecompari8

0nOftheexperimentalresultandthesimulatedtime･pre88ureCurvei8Sh

owninfigure7.ThevaluesofaandAdeterminedby丘

ttingthesimulatedcurvetotheexperimental

resultwere1.50and0.80.TheseValuesarealso

ingoodagreementwithreferences.

Table5Heattransfercoemcientofeachpar
toftheapparatusduringthecomb118tionofsingle

bA8epropellant(2pi
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4.Conclusions

An evAluationmethodofthelinearburningrate

orgasgeneratingagentsintheclosedvesselby

fittingaSimulatedtime･pre85ureCurveWas

est.abli8hed.Theeffectofheatlosswastakeninto

considerationinthissimulation.Thetime･pressure

curves0fexperimentalresultswithsinglebase

propellantandSimulatedcurvesobtainedbyinput

ofalmost.theBamCValueflSreferencesintot,he

coemcientaandtheexponentr]WereinagreemenL

Thelinearburningrateofagasgeneratingagent

canbeevaluatedwithsmallamountOrthesample

byu81ngthi8method.
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