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I'OPEHUE TBEP/JbIX PAKETHBIX TOIIJINB
B BBICOKOCKOPOCTHOM IIOTOKE I'A3A
B.A. Apxunos, U.K. ’Kaposa, E.A. Ko310B

Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocyoapcmeennulii yrusepcumem, 2. Tomck

B pakeTHbIX JBUraTelIbHBIX YCTAHOBKAaX IOpEHHE TBEPAOTOIUIMBHOIO 3apsijia MPOUCXOIMUT B
YCIOBHSX UHTEHCUBHOIO 00/1yBa MOTOKOM HPOJYKTOB CropaHusi (TBEPJOTOIJIMBHBIN PaKETHbIN IBU-
rarenb), ra3000pa3HOr0 OKUCHAUTENS (TMOPUIHBIA paKeTHBIA JABUraTellb) MM BO3AyXa (pakeTHO-
NPSIMOTOYHBIN U BO3JYIIHO-PEAKTUBHBIN JBUTaTenn). PacueT OCHOBHBIX BHYTPHOAIIIMCTUYECKUX Xa-
PaKTEpUCTUK JBUTATENbHBIX YCTAHOBOK 0a3UpyeTCsl Ha 3aKOHOMEPHOCTSIX TOPEHUs TBEPIOro TOIIMBA
B BBICOKOCKOPOCTHOM Ta30BOM MOTOKE. MeXaHU3Mbl TOPEHUs] TBEPAbIX PAKETHBIX TOIUIUB, COJAEpKa-
LIMX TOpIOYee U OKUCIUTENb, U TOPEHUS TBEP/IbIX TOPIOYMX MATEPHAJIOB, COAEPKAIIMUX TOIBKO TOpIO-
Yyye KOMIIOHEHTbI, B MOTOKE ra3a OCHOBaHbl Ha aHAJIM3€ KOMIUIEKCA B3aUMOBIMSIOIUX (U3UKO-
XMUMUYECKUX MPOIIECCOB. DTU Mpoliecchl (M3MeHeHue (a3oBOr0 COCTOSHUS, MEPEHOC MACChl U DHEP-
T'MH [IPOAYKTOB CrOpaHusi, TypOyJI€HTHOCTb U Jp.) SABJSIOTCS CIOXHBIMHM U 3aBUCIT OT MHOTHX (pak-
TopoB. Ilpu neTambHOM HM3yd4eHUM MEXaHU3MOB TOPEHHsI HEOOXOIMMO ONMHUPAThCS Ha OOBEKTHBHYIO
MH(GOPMAIIHIO, IOJYYEHHYIO SKCIIEPUMEHTAILHO U1l KOHKPETHOM TOIJIMBHOM KOMITO3UIIMH U PEKUMA
TEUEHUsl.

B nacrosieit pabore mpeacTaBieH KpaTKUW aHAIWM3 MOJXOJOB K MOJEIMPOBAHUIO U MOJIyYe-
HUIO SKCIIEPUMEHTAIbHBIX TaHHBIX 110 TOPEHUIO TBEPbIX PAKETHBIX TOIUIMB B YCIOBUSAX 00/yBa razo-
00Opa3HbIMHM MPOJYKTaMU UX FOPEHUsS] U MO FOPEHUIO TBEPJBIX TOPIOUMX MATEpUAOB B BBICOKOCKO-

POCTHOM IIOTOKEC Ira3a, COACPKAICM OKUCIIUTCIIb.

Paboma nposedena npu unancosou noodepoicke Munucmepcmea obpazosanus u nayku Poccuiickoii @ede-
payuu 6 pavkax LI «Hccnedosanusn u paspabomku no npuopuUmemubiM HanpagieHusIM pa3eumus HayyHo-
mexHonoeuueckozo komniexca Poccuu ma 2014-2020 20061, coenawenue Ne 14.578.21.0034, ynuxanvhwii
uoenmugpuxamop IHHU RFMEFI57814X0034.
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COMBUSTION OF SOLID ROCKET PROPELLANTS IN A HIGH SPEED GAS FLOW
V.A. Arkhipov, LK. Zharova, E.A. Kozlov
National Research Tomsk State University, Tomsk

Combustion of solid propellant takes place under conditions of intense blowout by stream of
combustion products (solid rocket motors), or of oxidant gas (hybrid rocket motors) or air (rocket-
ramjets and air-jet motors) in rocket engines. Calculation of the main internal ballistic characteristics
of rocket engines is based on the laws of solid propellant burning rate in a high speed gas flow. Mech-

anisms of combustion of solid propellants containing fuel and oxidizer, and the combustion of solid
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propellants containing only the combustible components in the gas flow are based on the analysis of com-
plex mutually influencing physical and chemical processes. These processes (changes in phase state, the
transfer of mass and energy of the combustion products, turbulence, et. al.) are complex and depend on
many factors. It's necessary to base on objective information obtained experimentally for a particular pro-
pellant composition and flow regime, for a detailed study of the combustion mechanisms.

A short analysis of approaches to modeling and to obtainment of experimental data on combus-
tion of solid propellants under conditions of blowout by gas stream of combustion products and on
combustion of solid fuels in a high speed gas flow containing an oxidizing agent are presented in this

paper.

This work was supported by Ministry of Education and Science under the Federal Program «Research and de-
velopment on priority directions of scientific-technological complex of Russia for 2014-2020», the agreement
Ne 14.578.21.0034, unique identifier PNI RFMEFI57814X0034.
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BJIMSIHUE CBOBOJHOI'O OB BEMA KAMEPBI CTOPAHUS HA YCTOMYHUBOCTD
PABOTDBI PATT AKTUBHO-PEAKTUBHOI'O CHAPS A
B.A. Apxunos, C.C. bouaapuyk, A.W. KonoBanenko, K.I'. IleppuiabeBa
Hayuonanvuwiii uccnedosamenvcxkuil Tomckuii 2ocydapcmeennulii yrusepcumem, 2. Tomck

[Ipu BeICTpeEne akTUBHO-peakTUBHOTO cHapsiaa (APC) u3 apTuiepuiickoro opyaus OH mojBepra-
€TCsl BO3/ICHCTBHUIO BBICOKMX IE€PENAN0OB JNaBleHUA. [l MCKIIOUEHUS JEHCTBUS NOPOXOBBIX I'a30B Ha
3apsi TBeporo paketHoro TormBa (TPT) akTMBHO-peakTUBHOIO CHapsiaa MpeaiaraeTcst cxema aBTo-
HOMHOTO BOCIUIaMEHUTENs, nzoaupyromas 3apsag TPT oT mopoxoBsIx ra3oB MeTaTenbHOro 3apsaa. s
storo B comioBoMm Onoke P/ITT ycranaBiamBaercs 3ariyiika, B KOTOpPOH pa3Meliaercsi MUupoTeXHUuYe-
CKUM BOCILJITAMEHHMTENb MHULMUPYEMbIH KarctoiaeM. CpabaTblBaHUE BOCIIJIAMEHUTEINS POUCXOAUT T10-
clie BbUIETa CHapsia U3 crosia opyaus. Ilpu cOpackiBaHuM 3arimymiku nocie 3axxuranus 3apsina TPT
IIPOMCXOJUT PE3KOE YMEHBILIEHUE JABJICHUS B KaMEpe CrOpaHus, KOTOPOE MOKET NPUBECTU K moraca-
Huto 3apsaa. OJHUM M3 MapaMmeTpoB, BIMSIOIIMX Ha YcioBus noracanus 3apspa TPT, sasisercs cso-
001HBI 00beM KaMmepbl cropanus. B paboTe, Ha OCHOBe aHaiM3a ypaBHEHMs COXpPAHEHUs SHEPruH B
KaMepe CropaHus, onpeesercs MUHUMAIbHOE 3HaueHHe ee cBOOOIHOro o0beMa, obecreunBarolee
YCTOMUMBOE ropeHue 3apsaa B 3aBucuMocty ot Buaa TPT u napamerpos neurarens. [IpuBoaurcs mpu-
Mep pacyera 3aBUCUMOCTH MUHUMAJIBHOTO 0ObeMa Kamepsl cropanus ot napamerpoB PTT u otHo1e-
HUSl AaBJIEHUI NpU cOpoce 3ariIyllKu Uil CMECEBOro U OaumMcTuTHOrO TorumB. [IpoBenen anamus s¢-

¢dextuBHocTH BiusiHus P/ITT Ha nansHocTh nonera APC.

Paboma nposoounace npu punarcosoti noodepocke Munucmepcmea obpazosanus u Hayku Poccuiickoii @ede-
payuu 6 pamxax PedepanrvHoil yenegou npocpammvl «HMccnedosanus u paspabomxu no Npuopumemuvbim
HANpAGNeHusM pas3sumusi Hay4Ho-mexuHonrocuyecko2o komniexkca Poccuu na 2014-2020 200vl» coenawenue
Ne14.578.81.0034 (ynuxanvhoii uoenmuguxamop REFMEFI57814X0034).
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