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Self･quenchedcombustionoffuel･richAP/HTPB

compositepropellant

● ●
MakotoKohga,andYutakaHagihara

lnoTdcrtodcvclopasolidplt)FX:1)aJltforgashybridr∝ke(motor.aisrequiredtoinvestigateatebuming

chan出血Ii60fbel一血h ammonium pelt:hJoratc(AP)basedcompBitepTDpeuaJlt. Forh暮Cl-richcomFNXk
proFK:uaJltprCPaJd ddlCOaJWAPand血cARthebumingchalaCte血icsandthesclfluenChcdcombustionwere
invcstiBaledinthisstudy.¶cbLlodrLgresultswerc血taiJICd:1)¶ebuming佃edccl均SeSaSdleAPcontent
decreases,andthepzt)pelLantsconLaiJICdlessthanaccdainAP00ntentselfluCnCh.¶lCSClトqucndlCd00mbudon
m alalowerpTeSStJreandahigherp7tStJre. 2)Tllelowerlhi(ofAPcontenttocomb叫 や血eXjsts.TTtetn,I,
ofcmrscAPislowerthanthatoffincAP.3)ttwasfoundthatdleFXSibiliyof00mbtJSIjonforAP/HTPBcomposite
proJXuaJttWasdependentontheAP00ntenLthetnrtidesizeofAP.aJldtheprcssun.4)TlleCOmbl血Onofthe
propeuantwassc)fluCndhedwhenAPpaJlicledidnotexpu Onthebumingsurface.5)Thetpn血IVaSdirectb
indcfXndcntontheheatgeneratedonthebumings血 andthebLJmingJde.ItcouldtN:COTtSideredthattpmhl噸

greatlydcpendenLonthepartklcsizeandthedistancesbetweentwoadjacentAPparticles.

1.lntrodLICtion

HybddrKkctmotorshavebeendcvelopinBforaI∝ket

motorofthenextgeneration.GastlybridTtKkctmotorisa

kindofhybddTtXkclmotorsthtasolidbetcall

se]f血mbtJStl)･ Gashybridrtxkctmotorisexplainedas

follows:AhidltCmFmturC血cI･rkhgasisgeneratedbythe

combLJStionofasolidAJe日JILbegasgencratDr.Tbereah,

theh砂 temFm ttJJthJC]dchgasismkcdwithagaseotJSOr

aliquidoxidizcrandah砂 temFX:rattJJCgasisgeneratedby

dleCOmbustionofthemixedgas.TTIishjdlternpeTature

exhatJStgasthmughanozzleprducESthnJSl.

jbTmTh Pd山地(AP)柵 tqnBd I叫か血ぬ℃

(m B)00nlPOSitep10peuantistJSCdmostwidely.

TTteTefoTC,AP/m BcomPSitepTDfX)暮antwasusedirLthis
study. AP/nTBcom叩Sitcp10PCtlanttわrgashybrid

l∝kctmotorisa丘ICL･ricbsolidp10FX:llant･TllCbuming

charactcristi6 0fAP/HTPB00mposiLepropellanthave

tmninvestigatinguntilnow. However,thebuming

characteristicsofbeL･richAP/mTB00mpositepTDpeIhnt

arenotrcvealcdsumcicntlyalpresent.Ttisnecessaryto
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invesligatcthebumingcharaclcris血 offue1-richAP/m B

compsitcpropcuanlinodcrtoLJSeAP/m BcDmPOSitc

propellantasasolidAJClforhybridr∝kcLmotor.

As theAPcontentofAP/Jm Bcomposilep10FX:I)ant
dectcases,thebumingmledccrcascs,andthep10peLLatlt

selfltJenCbeslessthna∝nainAPcoTLtCnt.(bnscquently,
thelowerlimitofAPcontenttoselfambust.tpmh(vd%)
cxistsIAselfltJendhcdproFX:llantaJtnOltx:tJSCdasasolid

fuelforhybridTtXkclmotor.llisgBnCrallykJIOWnLbatthe

bumingTateOfAP/JTTT'B00mpxdtepmfXllaJltirKX aSCS

withdcqeasingLhemeaJldiamclcrofAPpadiclcs.Itwas

consideredthatthebumiJlgralcofhJel･ddhAP/rrrpB

comPSitcisdeIXndentnotOnlyontheAP00ntentbutalso
onthepadidediameterofAP.lnthisstudy,thehel-n'dh

AP/Jm'BcompositeproFX:ILantsweT叩rePad witJICOaTSC
AP ad heAP,andtheirbumingchaJaCte血icsaJld

theself.qucnchcdcombLLStionwcrcinvcstigatcd.Some
interesdngTCSultswereoblajned.DetailonthecxFX!nmCnLs

isreportedinthispapcl.

2.Experiment

触 AP(CAP)adfineAP(fLAP)werc血 asoxidizcr

inthissttldy･CAPwasprcpaTdbygirKlinga00nvTd AP
for5minutesinav]b7adonballmIILmPvmspnpLdbythe

BccZeJTyingmethod:'･ Tltcsanningclccbt)nmiqtⅨOfX:

(SEM)photographsofthcscAPsanpIcsaJCShowlinFi阜l.
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a.CAP
lO001Inl

Fig･1 SEMphotographsofCAPandPAP
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Figl BtJmingratedlaraCteristicsTntshapeofAPtJSCdin

thisstudywasa)m tspherinLandtherncanparticledi

ametersOfCAPandPAPwereabut日0p aJld4pm,TCSpeCt

ive]y.HTPBwasusedasabinder.m Bwascudw]'l

hisoph｡TOnCdihxyanate･Ⅰ叩horonedii" atewasadded

to8wt%of汀ⅣB･TTtcproFX:lhJltmixttJrCSw

erethencurcdfor4daysat333KTTIeSizeofe

achshndwasLOmmxlOmmincrosssectionand40mminte

ngh.llleSideofeachstrandwasinhibilcdbysili00nresi

n.nebumingratewasmeasuredinadlimney-typestrand

btJmerWhichwaspressurizedwilhnh)gcn･Tbcstran

dbLmeTWasSetinatcmpeTattJTe00ndl'n'oncTWh]'dliso

pcTatedatatempcmtu陀Of288士1.5K TTleignition

ofeachstrandwas00nductedbyanelectricallyheatednichTOme

W ireattachedonthetopofeachstrand･TllCburningofpropcllantsamplcwasconducted withthepressurera

ngeofO･5MPa17MPa.TTtcbumingphenomenonoft

hep10FNtuanlwasI抑rdedwiththehigh･Speedvideore

coder.mebumingratewasmeasuTdbythepictLHでrCa)rdcdw]'t

hthehjgh･spccdvl'dcorccoTder.TTtTCClotsofpTt)pelIaJl

tSWCrCpnPaTedatsameAP00ntenLlt近judBdlhatthepro

pellantamnOt00mbtJStWhenoneinlhctheelotsofprope))antsselfluen

Ched.3.ResultsanddiscLJSSion

3.1Burningratecharacteristicstkauseofthe r

equlrementSforthepreparatIonofAP/JTTPBcom叩Silepr

opc]lant,theupperllrmlllorAPcontentirLpropellantex

istsnIl･ 771eUPFX:TlimitsofAP00nlentinpropel)ants

prcparcdwitJlmPandCAPare80vd%APand85wt%A
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sample,thepropellantsampleswerepreparedlessthanthe

upperlimitofAP00ntcrLLinproFX:)lant.nebumingrates
ofthepmJXlIantsweTemeasured. TTlebtmingmte

chancteristi(softhepropeuantsaleShowninFigl2･Tlle

bumingratedecreasesaStheAPcontentdeqw s.In
TCgardtothepropellantprepazdwithCAfHhcpmPellants

containedabove64wl%AP00mbustilllhcpressurerange
adoptedinthb shdy.刀lepTOpeLlant00ntainedat63

wt%APselfluenChesatO･5MPa,andthep10Pelhnt

containedat62d%APsclfluenChesalsobetween5MPa

arLd7MPa･rnleCOmbust払tepTeSSu柁ranged抑eaSeSwith

decreasingAP00ntent.TTLePrOFllantcontainedat55wl%
APcombustson)ybetwccn1.5MPaand2MPa,andthe
propeuaJtL00TILainedat54wt%APd∝snot00mbustinlhc
pressurerangeadop(cdinttlisstudy.

Inregad tothepropellantpreparedwithPAP,the

p10JXuantSCDnminedabove69wt%APcombLJSlbetween
O･5MPaand7MPa. n eprDfX:I)ant00ntaineda(68

V̂%APselfluenChesatO･5MPaaJld7MPa. Tbc

combustiblep柁SStJTCmnged湖 WithdemasiJlgAP

cotltent.¶leP10pe)lantcontAmedat63wt%APcombusts
oTdybetween2MPaand3MPa,andtheprope)Iant

00ntainedaL62wt%APd∝SnotcombLJStillthep7eSSure

rangeadoptedinthisshJdy.¶leSeresultsirLdicatedlattPnin

ofCAPandPAPis55wt%APaJtd63wt%ARnspectivc)y.

Tlleや血Of00arseAPistowerdlanthatofheAP.771csc

resultssuggestthatthefXXSlbilityofcombtJSIionfor

AP/m B00mpositepropctlantisdependentontheAP

content,theparticlesizeofAPandthepressLJre.

hodertomakemotedeaqtheefftcloftheAP00ntenton

thebtJmingrate,the-e]aliorLShiptxtweenthebuminBrateand
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theAPcontentisiHushtcdgrapMcalLyinFig.3.Tlle
btJmingratedecTeaSCSaStheAP00ntcTttdeq℃a監S.1mc
bumingTalcdecreasesgreatlyinthevicinityoftheupper

limitofAl)00ntentinp10pellaJIL TlledeqeaSeinthe
bumingrakofthepTqXIIantpnpaJd withFAPishl野rdlaJl
thatofthepropellantpreparedwithCN.ForthepTt)pe)lant

prepaTd with払RthereductionoflhebumingrateiJICTtu

asdlePnSSu℃in8℃は SandthatfortheprofXdlantpnpaJd

withCAPisscarcelydependentonthepztN .

Asmentioned血ve,恥 血OfCAPandFAPis55wl%AP

and63wt%AP,respectivcly･TnregardtothepmpellarLL

containedatや血 theheatgeneratedonthebumingsu血ccof

theprDPetlantpreparcdwiLhf:APislaTgerthanlhalOfthe

p10pel]antpreparedwithCAPbecatJSe4)..bOrmPislarger

thantTlatOfCAP.At63wt%AP,whichis¢血OfFAP,the

bumjngmtcsat2MPaofpropcl)antp-epaTedwithPAPand

CAPaJでL7mm･S-1andl･4mm･S-1,TCSPCCtivcLy.Tlle

healgeneratedonthebumiJlgSu血ccandthebuminglalcof

lhePIT)TX:)LaJltPRPaJdwithPAParchl'dlerthantheseva)ues

ofthepTt)PCllarLIprepaTedwithCN,howeverthepropellarLt

pzcpatdwithmPsclflLJenChesneveTlheLess.TTIisrcsu)t

suggeststhattpnthWasdirectlydependentorLthebeat

geneTatedonthebumiJlgSu血ccandtheburningrate.It
couldbcconsidc陀dthatthemaincauseoftheselfluenehcd
combustionwasthemechanica一conditiononthebuming
suぬく記aSdiscussedinl九enextsection.

3.2ProcessofselfluenChedcombustion

3.2.1ObservationofsetflUenChedburningsurface

TlleSelf-quenchedbtJmingsurface wasobscrvcdwith

SEMinordertoexaminethecatJSeOftheselfluCnChed
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Fig3 RelationshipbetwccnbumingrateandAP00ntent



C{"llbLJSllOn Flg4ShowsLhcSI三M phoLogmr,hs｡rlhc
burn■ngsurfi'∝SSClflLJenChe(lLit6MPII1.d IMP･lforlllC

pTt'FX.ルntprepared､､･■lhCAPa155"1%AE' Fzgs1(a12)

.Lnd(b-2)aletheplto10gmPhsenlarged.IP.lrlOfFigsJ(a-))

nlld(l一一[),'Cspccl■VCly ĉmrdLnglOtー■B･l(.1),SOX-1eholes
.lre()b蛇rVedol11hCbunllZ唱Surfaccscll-<JL.CnChc(la-6MP.1

111CSLZCOfholeIS･Lln105日hcsamealllllCParllC1cdJameterOf

CAJ) hcanbecorLSIdcrcdthiLllhcTIOIc＼ヽ･.LSlhetraceofAJ'

pllrllde t1-eAP p､nLCIc d∝sTY)1rCm▲HrlmallholcIS
AccodmgloF)g4(b),lhehoLcsuchllSthL1.I(6MPaLSnOl

i)hscrvcdonLhcburTMlgSurfacesclr-qucrldlCd･,(lMPaall(1

sonlCSITlFdpaLtCrTISOfm BIITCObscrl,CdQnnC
scLr-qucrlChedburTllngSurface lm'rimclbbeforelTIC

dc00】1-rX施lZ]On llCanlにα-nSldeTE{日日nHhcsnTXS"℃TC(hc
trLILtLOf(rlenowofmChcdFrrPB TllĈ ]'pnrtlCZcISrY)L

(火)served()nlhcseErluCrTehedbuTnlngSUrfLLCC ITK:O,nVCX
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surraccISLA)SeZ'VC(llnFIB,1(ら-2) lllCSLZCI)fllleOWVC"

all1-OSt(hCs.lmCllSlhLl(()fAPpMl⊂lc ItGmbesuppd1hal
触TeWaslhcAPpancle)ustlJn(krthelm Bbvcronthe

Con､∫exsurface I(a)uldbcpZTSIJmCd加 Td℃ny:lledm B

､ヽ･JS印VCTedonlhcbumlngSuTfnccorAPparllCle

F唱5sl10､鴨1hcSEW phologmphsorlhcburnl(1gSl･rr.lCeS

scLfluCllChcdnlLZhLPaandLMPafortheproIXILlanl

T)(ePard"∫ELhInPa163"1E:/â J' ∝̂ordlr)AZoFlg.5(a)

50mehobslSObSCrVCdDrllTICbuTTl)ngsurfacesdfltlCnChe(l
al4MPLlll-eSLZC(-ik)1cIS加1W IthesanTK･aSL,y:p.LTIIdc

dlamCtCrOfI-̂]' llleAPpartldcLbSlX)(TでTTu】nln･J=K )Ee s

Aemrdlnglong.5(h),theburnlngSu'faくだSelflUeZ虻hcdull

M PaISaLmoslnatardnnyholcLSnotd粧TVCdoTllhcbllmlng

suda∝ lllSrOIJTldlhalAPIXlrllCks(k)TY)1eXrX蝶 (nLrKg=

selfluenChc(lL)um11唱SuTfn∝51hroughtheobserv.nonorne

fClrluenehedburmngsurfilCe

a
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Fig5 SEMphotographsofqucnchedbumingsuTfaccofpmpellantprepad withFar

3.2.2Qualitativeanalysis

WhcnLhcbuminBSurfaceofapropeuaJltCXtinguishcdby

rapiddepressurizadonwasobseTVe4alalower叩 芯 ultthe

APpadiclcsprDh血abovcthecxpd surhccofLbcbinder

toagrcatcrhe妙tandatah1秒CTPTeSSLm theyrcccssS)の.

TllisfacthdicatesthataLalowpTCSSu陀thelCgrCSSlOnm(COf

theAPbumingsurhce近lesstJlaJldlatOfthemYBbuming

su血ccaJldvicevcrsaalhigherp脱 俗 .

TllCf一ameofAPcomFKXSitePTOFX:llantisaso called
di鮎 ionh e,anddlCmdelofMulb･p)eFlamesnis

gcncTdlyacceptedasamdelofthe払mcshlCIure.

A∝ordingtothemdclofMultipleFtames,Lbedame

structtJreOfAPcom叩itcproFX:llaJltconsistsoftheAP
monopTt)peLlaJlt触me,thepnmaTy瓜amc,ad thehal

dihsionflame.TlleAPpaTtic]eonthebtJmingsuThce

sublimcs and血路 nOtmC)L neAPd∝ompositjon

pTtXJudS00mPu tJleAPmonopTDFCllantdame.m B
mcttsandtheTeaAerdcconl打方eS.nep血Iary爪amcand

LbcFinaldifhJSiondamean00rnposedbythecombustionof
lhescdecompositionpTtXlucts.APandnTBcant光

de00m叫 bytheheatgcncratedatdlebmi ngsurhccand

inthe瓜aJTMn Bymeansofthecon血tJBqlCeOfdlisroutine,

tJle00mb瓜ionofthep10叩 llaJltCallbesustainedandthe
bumingsuTfh∝regresses.

AP cande00mposeandcombtJSt00ntinuouslybecause

thedccom叩SitionofAPisexothermicaJlyandAP

dc00mtxdlionpTduds00mFXXSetheAPmonopTt)PCtlant
i)amc.OT]theodlCrhand,rrrTIBqnnotd∝ompu onthe
bumings血 hdepcndcnllytm tJSemYBisa]Iowdto

dc00mFXu bymeansofthecnoudlheatgcncmtcdatthe
bumingsu血ccandiTtthc爪amcs･ItisnecessarythatAPis

firstdecomposedandtheAPmonopropellarLlflameisformed

dtJltJICAPd∝ompGitjonpld uctsinordcTtO00mbLJStthe
AP/rm'Bcompxitcp10PClhJIL TllissuBgPStSthatthe

combusb'onoftJICPTPPelhnt良sclfluendhedwhenAP

padcled∝snotexposeonthebuminBSu血 .¶e汀ⅣB

Layerbetween two adjacentAP padjclesshouldbc

decom叩 dbeforetheAPpaTticlesonthebumings血

wasdisap叩aIdbydlCdccomfXXdtioninordertomajrLtain

thc00mbtJdionofthep10Pelhnt.As dlCAPcontent
d∝TCaSeS,dlenTBlayertxtwccntwoadjacentAPfXLnicles

bccomcsthickerand,thatis,theselfluenChcd00mbLJSlion
VVaSCaS]Cr.

TTtccatLSeOftheselfluCnChcdcombtJStionwaspresumed
asfollowsonthebasisoftheatx)veconsidcmtions.TTte

selfltJCndhcd00mb心1ioncKm TSala]Owerpressu柁aJlda
hi91erprCSSu托. FiTSt,thereasonoftheself-quenched

combustioninah妙erpTtW WasdisctJSd Fig.6

ShowsthesdhcmaticdiagramofthebtJmingsuThcestTtlCIure.

TlleregrCSS10nrateOftheAPbumingsurhccisfasterthan

thatoflhcITITBbumingsurhccathidlerPreSSu旧 SI6'.

TTIeAPbtmingsurfaceis)overthandlCrrTT'Bburning

surfacc的界6(a-2)and(alュ)).蝕foTCtheAPpaJlicles
onthebumingsurhcewasdisapFCadbythede00m叩dtion,

them B)aycrbetweentwoadJ'acentAPpaJliclcscouldnot
decompose(Fi卓.6(a-4)). bnscqucTtdy,thenamecould

notpropaga(etothenextplaneofAPpaJlideandthe

00mbLJStionofthepropcllantwassc]fluenChcdath妙er

Pressure･

Scmnd,tJlereasonOfLbcsclflue11Ched00mbtJStlonina
Lowerp-cssuTCWasdisctJSSed･ ALalowprcssuTClhc

TCgrCSSionrateoftheAPbumingsurfaceislessthanthatof
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(a)Highpressure(a-1)

テ
(a一･3) (a
一一4)V ＼/仙~＼)/U

-ヾト -j-000000 00(b)Low

pressure(b-1) くb-2) (b-3)-- -> → ■0 0 0
0 0 () O OFigB SEMphotographsofquenchedbuming

surfaceofp-o叩11aJltprePaJd withPAPthelm BbumingsuTfacc

S16㌧ netTrPBbumingsu血 C00uIdregressfasterthanth

eAPbumingsurfaceinthevicinityoftheAPpadiclcand,

however･theentireburningsurfaceofm BtN:tWeCnt

woadjacentAPpaTticles00uldnotTCgeSSfasterthnthatofthe
APpaAidc(Fig･6(b-2))･1misisbca tJSethed

istan∝txtwccTttwoadja∝ntAPpadictcsincreases,aJldth
enetbeatofreacdonatthebumingsuTb dcm

andtheheatfbcdbackfbmthe瓜amcstolheburnings

urfhccdecTCaSCSaStheAP00nlcntdecTCaSCS･Whenthed∝ompos

idonofAPandlm Bprd cdtosomecxlcntalthebtJming

surfhcc,adcpttSionwasfbrmed(Fig.6(b-3)).Tll

CITrPBismeltedand,tJleTeaAcr,de00mpd bythebeat

generatedatthebu血ngsurfaceandiJllk names. TTte

meItcdm BinthevidJlityofAPpadclcwou)d丑owintot

hedepressionandα)W thebumingsu血 ceofAPbebrethemel

tedTTTPBwasdisappcaJdbythed

ccomFXdtion(FIB,6(b-4)). TTLeTt:fon,APpaTLicle00

uldnotCXFXROnlhcburningsurfaceandthecombtBtionof

lhcpropellantselfluCnCbed･¶ledb血ncebetweentwoadjaccl

1tAPpadidesfortheplbpellantcon血ledatq)nhWas

CatCu)atedlhcoreticaLLyonthehypothesistha(APpar

ticlewasspher血】andlbcsizewasconshnL ¶lCdis払nasfort

hepropellantprcpaldwilbFAPandCAPaJe

O･2pmand14･5pm,respectively.Tlledistanccforthe
pTDpe1laJltPnPad withI:APissmauerthanthatbrtJIC

Propellantp-epardwiLbCARAs mcnliol1edabove,itco

utdtx00nsiderdthatthemaincatJSCOftheselfluenChed00mbus
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Fuel-richAPAITPB系コンポジット推進薬の中断燃焼

甲賀 誠●,萩原 豊●

ハイブリッドロケット用固体推進英の開発のために,Fuel-nLchAP/HTPB系コンポジット推進井の燃焼

特性を明らかにする必要がある｡本実験では,粗粒または微粒APを用いて吸治されたFuc)-richAP/HTPB

系コンポジット推進薬の燃焼速度特性及び中断燃焼について調べた｡その括弧 以下のことが明らかに

なった｡l)AP含有率の減少にしたがい燃焼速度は減少し.あるAP含有率以下で中断燃焼が起こった｡

中断燃焼は低圧または高圧鱗域から起こった｡2)燃焼可能な AP含有率の下限.¢…が存在した｡粗粒

APを用いた推進英の¢…は.微粒APを用いた推進薬のそれより小さかった｡3)AP/HTPB系コンポジ

ット推進薬の燃焼が可能な範囲は.AP含有率,APの粒子径及び圧力に依存することがわかった｡4)煤

焼表面にAP粒子が戚出しない場合,推進薬の燃焼は中断することがわかった｡5)¢…は燃焼速度と燃焼

表面上で発生する熱盤には政接的に影響されず,APの粒子径とAP粒子問の拒髄に大きく依存する｡

('防術大学校 応用化学科 〒239-8989横須賀市走水 1-10-20)




