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CALCULATION OF THE IGNITION DELAY TIME
OF METALLIZED SOLID PROPELLANT
BY A CONVECTIVE NHIGH-TEMPERATURE FLOW

V. L. Goiko, V. A. Poryazov, and A. Yu. Krainov

Tomsk State University
3G Lenin Ave., Tomsk 634050, Russia
e-mail: poryazov@ftf.tsu.ru

This paper presents a mathematical model and methodology to calcu-
late the ignition delay time and the stationary combustion formation
of a metallized solid propellant with aluminum additives ignited by
a convective high-tcnii)erature flow. The study investigates the ig-
nition of a semiintinite slab of the metallized solid propellant blown
by an uncoiifined high-temperature flow. To construct the ignition
model, the boundary-layer approximation has been used and the ef-
fect of the high-temperature blowing has been taken into account by
the turbulent heat and mass transfer. The analysis has shown that
the proposed approach allows calculating the ignition delay time and
the time of the stationary combustion mode formation for the met-
allized solid propellant. Moreover, the ignition delay and the time of
the stationary combustion mode formation can be controlled Iry both
the velocity and the temperature of the convective flow.
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PACYET BPEMEHW 3AOEP>XKW 3AXUTAHNA
METATJTM3NPOBAHHOIO TBEPAOIO TOIMNJIMBA
NP1 SAXKNTAHNN KOHBEKTUVBHBIM NMOTOKOM

B. /1. Toliko, B. A. Nopsasos, A. 0. KpaiiHoB

'Tomckmin rocyaa{K'TBOHMNbIA YHUBOPCUTOT
Poccnsa, Tomck 634050, npocn. JleHuHa, 4. 36
e-mail: poryazov@ftf.tsu.ru

MpefcTaBneHbl MaTeMaTtnyeckas MOAesb U MeToAuKa pacyeTta 3a-
YKUraHUA KOHBEKTMBHbLIM BbICOKOTEMMEPaTYPHbIM MOTOKOM U BbIX04a
na ctaunoHall el |K)KIM ropeHus MeTasl/IM3npoBaHHOro TBEPAOro
ronvea. B noctaHOBKe paccMaTpuBaeTcs 3aXuraHuve nonybecko-
MCYHOV MAacTMHbI METLIMLI3MPOBAHHOr0 TBe])Aoro TonavBa Heorpa-
HWYeHHbIM 06[yBatoLLMM BbICOKOTEMMEPATYPHbLIM MOTOKOM. Mogesnb
yunTbiBaeT BAMsAHUE 3hp(kTa 064yBa BbICOKOT('MMNepaTypHbIM NOTO-
KOM 4<|>e3 Ty|36y/IeHTNbIA TensioMacconepeHoc.

Ha ocHoBe HecTauMoHapHO MOAENW FO]X;HUS MeTasl/In3npoBaH-
Horo TB('pPAOro TOM/IMBa B COMPSHKEHHOW LoTaHoBKe [1] n mogenwu
» | K)31MOHMOro ropeHnst MeTanIM3npoBaHHoro Te(‘pgoro Tonavea [2] no-
c IpoeHa mMofenb 3aKUraHus 1 BbIXO4a Ha CTauMOoHAapHIIA peXxxnm ro-
[MIMA meTrwnmnsmMposaHHOro TBepAoro Tonsavea Mog AelicTBueM Bbl-
COKO'remre])aTypHoro KOHBC'KTUBHOIO MoToKa.

B TBepgom Ton/sMBe njai Harpese MAYT XUMUYECKME peakuumw,
nosly NPoAyKTamm KOTOpbIX ABMAETCA ras. [aszoobpasHble NPOAYKThI
pasfiokeHWsi BbICBOGOXKAAKTCA Ha MocMedHel CcTagun  peakumum.
leHnomsnycckne xapakTepucTuku 3 B(>pooli hasbl He 3aBUCAT
o] Temnepatypbl M onpenenaHJTca KOMMOHEHTHbLIM COCTaBOM TBe]>
aol TonAmMBa MyTeMm ocpefHeHWUA. Haj nose])XHOCTbIO Tonavea 3a-
NTbIBAIOTCA ypaBHeHUA Teu('HUSA ABYyxa3HOW pearnpylowlen cpeasbl,
YU ThiBaloLMe MeXX(asHbIA 06M(>H MMMY/IbCOM W 3Heprueid, KOHBeK-
VWb U KOHOYKTVBHbIM TC'TOMEYTEHOC, 3aBUCMMOCTb KO3ddmLmeH-
|Joa nepeHoca oT Temnepatypbl U UHTEHCUBHOCTU TYpOYNEHTHOCTU.
Jlasn onucaHusa XapakTepucTUK AUHaMUYecKor Typ6yneHTHOCTU
H HTpaHW4YHOM C/I0e WCMNOoJIb30Baslacb Mofeslb TypOy/leHTHOCTH
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Y/ wmic

3aBUCMMOCTb BpEMEHM 3aJepXKKM 3a-
>KUFaHUsl 0T CKOPOCTM 06/yBaloLLEro
BbICOKOTEMMepaTypHoro notoka (P ~
= 6 MMa; Tf = 1700 K)

BaH-Jlpucta [3]. PacueTbl
LLIIOBOANINCE AN (hopMasibHO-
KTH!TUYECKMX  MNapamMeTpos,
XapakTepHbIX Ana rnopoxa H:
P = QMMa rJ1 = 0,09
U raro = 5 MKm.

MM]ioBefeH pacyeTHo-Teo-
peTnYecKnii aHaM3 BANSAHWSA
CKOpoCTU (cm. PUCYHOK)
M Temnepartypbl 064yBaloLero
rnoToka Ha BJ>emMAa 3afcl)KKu
3aKUraHns 1 BpemMsA BbiXoga
Ha CTalNoHapHbIA PeXXM 3po-
3MIOHHOTO rOPEHNS.

VccnegoBaHvie BbIMOSTHEHO Mpw (*)I/IHaHCOBOVI noggep>kke rpaHta

Pd®dU mon_a 18-38-00533.
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