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YVICEJIbHE MOJEJTIOBAHHS ITPOIIECY BIUIMBY ITPOIYKTIB JETOHAIIII
HA HAJI3BYKOBUIA ITOTIK ITOBITPS

AHomauisa. AkmyanbHicms pobomu 06ymMo8/IeHa HEOBXIOHICMIO NIOBUWEHHSA WBUOKOOIT 1 Benu
YUHU Kepyt40o2o iMny/bCy pakemHux 0Bu2yHis, 014 30ilicHeHHA MaHespis 8 ammocgepi. 00HUM
3 HaNpAMKiB, KUl po327130aembca 8 pobomi, € 3aCMOCYyBAHHS 0emMOHAYiliHO20 WHYPOBO20 08U
2yHa. OcKinbKku npu (io2o pobomi 2eHepyeMbCs yOapHa XBUJIA BUCOKOT THMEHCUBHOCMI, MO 2a30
OUHAMIYHI epekmu npu ii po3N0BCIOOKEHHT MAKOX MOXHA BUKOpUCMamu O/ KOpeKyii mpaex
mopii nonbomy pakemu. Halbinbwul 8naus makoi cucmemu KepysaHHs 8eKmopom msaau 6yode
peanizoBysamucs npu 06MiKaHHI N0BepxHi pakemu HA03B8YKOBUM HAbI2a4YUM NOMOKOM NOBIM
ps. Mema pobomu - oyiHka napamempis 83aemMo0ii npoOykmis demoHayii 3 HA038yKOBUM NO
mokom nosimpsA. [na 0ocaeHeHHs Memu 3aCmoCOBYEMbLCA YucesibHe MOOeNBaHHSA. BusHaveHo
0ianazoH mucKy ma mpusanicme npoyecy, wo 003805€ nposecmu BuUbip 061A0HAHHA ma naa
HYBAHHA eKkcnepumeHmy. OmpumaHo KapmuHu po3nodiny wWeuOKOCMi ma mucky 8 mooesni 3 niu
Hom 4acy. Pe3ynemamu moOesntosaHHa 6y0ymb BUKOPUCMOBYBAMUCSA 014 NPOBEOeHHS eKcnepu
MeHmManbHUX 00CNI0XeHb.

Knwo4osi cnosa: 0emoHayis, wHyposuli 08uU2YH, HA038YKOBUL NOMIK, yOapHa XBUJIS.

IToctraHoBKa mpo6ieMu. PakeTy pisHMUX TUIIIB, IO 3aITyCKAIOTHCS 3 TIOBEPXHi
3emti, monaioTh ommip atMocdepu. IIpu IboMy YacTKa KiHETUMYHOI eHeprii BTpauda-
€TbCSI Ha MOMA0JIAaHHS aTMOC(hEepHOro BIUVIMBY. AJjie aepoaMHaMiuHMUIA BIJIMB MOYKHA
TaKOXX BUKOPUCTOBYBATH [IJis1 KepyBaHHS M0JIbOTOM pakeTy [1]. [Ijs1 11bOro HeooXii-
HO MaTM MOKJIMBICTb 3MiHIOBATHM B ITOJIbOTI TUM UM iHIIMM CITOCOOOM CMJIM, IIIO Ha
Hei [i10Th. BUKOPMCTOBYIOTh @00 3MiHY BEKTOpA TSIY, a00 ITOBEPXHEBI CUIM — Ti, SIKi
MOYTb YTBOPIOBATM MOMEHTM BiJHOCHO LIeHTpa MacC pakeTu. SMiHIOIOUM BEJIMUNHY
i HampsSIMOK [il UMX CWI, 3MiHIOIOTbh BeJIMUYMHY i HAIpSIMOK BEKTOpa IMIBUAKOCTI pa-
KeTu. 151 3MiHa BimOyBaeThCs 32 paXyHOK OpraHiB KEPyBaHHS paKeTH.

IcHye IBa cOCOOM CTBOPEHHSI KEPYIOUMX CUJI Ta MOMEHTIB [2]:

— aepoaVHaAMIUHNIA;

— ra3’oaVHaMIYHUIA.
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[IpMHUMIT CTBOPEHHS KEPYIOUMX CWJI Td MOMEHTIB aepOAMHAMIYHMMU Ta ra3o-
IVMHAMiYHMMM OpraHaMyu KepyBaHHS MPAKTUYHO OOHAKOBUIA, Pi3HUIIS TiIbKU Y PO-
O604YOMY TiJTi, 110 B3aEMO/Ii€ 3 Py/IsIMHU. Y IepIIOMY BUIIAJIKY (aepoayHaMiuHi opraHu
KepyBaHHSI) SIK poOoYe TiJIo BUKOPUCTOBYETHCS MOBITPSI, Y SIKOMY BiIOYBa€ThCS IM0-
JIIT JIiTAJILHOTO afnapara, a B iHIIOMY BUMNAKy (ra30AMHaMiuHi OpraHu KepyBaHHS) —
ra3oBuii MOTIK pakeTHOro ABuryHa [3]. Ha nanmii yac icHye BenyKa KUJIbKICTb opra-
HiB KepyBaHHS, 1[0 BUKOPUCTOBYIOTbCS HA Cy4yacCHiii pakeTHill TexHini [4-6]. T'aso-
IVMHAMi4yHi C/CTeMM 3a3BUUali BUKOPUCTOBYIOTHCSI B PaKETHUX IBUTYHAX 3 METOIO
3MiHM BeKTOpa Tsru [7], piaiie - 1 CTBOPeHHS HECMMETPUYHOTO OOTiKaHHS MOBIT-
psiMm Kopirycy [8]. AJie 3aCTOCYBaHHSI JeTOHAI[iIHOTO Mpoliecy IJisl MOAiOHOI cxeMu
MOXKe MaTM Kpallli eHepreTMuHi Ta AMHaMiyHi XapaKTepUCTUKU B MOPiBHSIHHI 3 ic-
HYIOUMMM cucTeMaMy. Kepyroua cuia B Takili cxeMi CTBOPIOETHCS He JIMIle 3a paxy-
HOK peakTMBHOI CMJIM Macu MPOAYKTIiB AeTOHaIlil, 10 BUKUIAIOTHCS 3 Ta3oreHepa-
TOpa, aje # BIUIMBOM iHTEHCHBHOI yJapHOi XBWJIi Ha KapTMHY OOTiKaHHSI paKeTu
HaJ3BYKOBMM IIOTOKOM. ToMYy IIikaBO IIPOBECTM OIiHKY IIpalie3gaTHOCTi Ta eeKTH-
BHOCTi B €KCIIePUMEHTI.

OpHe 3 rOJIOBHMX 3aBOaHb MPOBEIEHHS eKCIIePUMEHTANbHUX AOCTiIKeHb MM0-
JIITa€ y CTBOPEeHHi HayKoBOi 6asu gaHux. g iHdhopMmallisi 06pobsIeTbCS CTATUCTUY-
HMMM MeTOJJaMU, BU3HAUA€ThCS TTOXMOKa BMMiploBaHb. Bepudikailis unceabHux po-
3paxyHKiB 3 eKCIIEPMMEHTOM J03BOJISIE PO3POOUTI MOJIe/Ib MPOIleCcy B3aeMOZIii me-
TOHAIIi/iHOI XBWMJIi 3 HAJI3BYKOBMM ITOTOKOM.

Mema docnidxeHHs — aTripiopHe umcesibHEe MOC/iI)KeHHST BIUIMBY AeTOHAaIliiiHO1
XBUJIi HA HAZ3BYKOBUIA MOTIiK B COILJI.

MopentoBaHHSI TPOBOAUJIOCS B MpPUKIAAHOMY IMporpamMHoMy mnaketi Solid
Works. TeomeTpuuHi mapameTpu MojeJli MpoiitocTpoBaHi Ha puc. 1 i 36iratoTbcs 3
eKCIIepyMMEeHTaIbHOI0 MOJie/UTi0. BoHa siB/sie co00I0 IJIOCKE COIUIO, OJHA 3 CTiHOK
Mae Oi/bIy JOBKMHY 3a iHIIY i iMiTye roBepxHI0 pakeTu. [ToBiTpsl, pO3raHsIOUNCH B
COTUTi 10 HAJA3BYKOBUX IIBUAKOCTEN 3 umciaoM Maxa M=1,3...2, 00TiKae 110 CTiHKY.
Posmililytoun B Hilt IpUCTPOI, 1110 BIVIMBAIOTh HAa MOTiK, MOXKHA JOCTIANTU 1X BIUIUB i
MOSKJIMBICTb CTBOpPEHHS 60KOBOI (Kepyrouoi) cvmm. [Ipy 3acToCyBaHHI JeTOHALIii JIJIs
30ypeHHsI TIOTOKY B HbOMY IMOPOJIKYEThCSI iHTEHCMBHA yaapHa XBWJISA, sSIKa 3MiHIOE
PO3IOMIN TUCKY IT10 ITOBepXHi cTiHKK. )15 hikcarlii 1iboro 36ypeHHs 3 4aCOM B CTiHIIi

BUTOTOBJ/IEHO OTBOPU OJIA ,Z[aT‘II/IKiB TUCKY.
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PucyHnok 1 — Cxema ekcriepuMeHTaIbHOI MoAeIi

Mopenb 1151 UMCeIbHOTO eKCIIEPUMEHTY SIBJIsIIa COO0I0 MPSIMOKYTHY 00/1aCTh, B
JIIBOMY HIMOKHbOMY KYTi SIKO1 3HaXOAMJIacsl 30Ha MOCTavyaHHS IOBITPS 31 MIBUAKICTIO
500 m/c i aTMmocdepHMM THCKOM Ha 3pisi coria. HuskHS cTopoHa Oyia He IMPOHMUK-
HOIO i iMiTyBaJia MOBepxXHIO pakeTu. Bci iHIi - MPOHMKHI CTiHKM. TUCK 30BHILIHBOTO
cepenoBuiia piBHMIT atmochepHomy. Ha Bigcrani 60 MM Ha HVOKHIN CTiHII po3Mi-
IIIeHO 30HY, uepe3 SIKy 3/iiiCHIOBABCSI BIYB MPOAYKTiB AeToHaIlii. OCKi/JibKi B eKcIie-
PUMEHTI IVIAaHYETHCSI 3aCTOCOBYBATY KOMITOHEHTM Ta/iMBa MPOIaH/K1UCeHb, TO B MO-
JleJII0OBaHHI BUKOPUCTOBYBAJINCS TTapaMeTpy iX JeTOHallil Ipyu MOYaTKOBOMY TUCKY
piBHOMY aTMocdepHOMY.

MopenoBaHHS ITPOBOAMIIOCS B MJIOCKii HecTallioOHaPHi MOCTaHOBIII.

Il MOMeEHTY 4Yacy, KOJIM TIOTiK BUPIBHSIBCSI, TUCK Ha BCiii obnacTi mopenti
Maiiske OJHAKOBMI1 i MopiBHIOE aTMocdepHOMy. ['padik MIBMAKOCTI MpOiTOCTPOBA-

HUM Ha puUC. 2.
. 502

Lsmnakicrb, m/c

PucyHOK 2 — Po3mofii mBUIKOCTI IO po3paxXyHKOBii 0b6/acTi
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B nieBHMIA MOMEHT Yacy iHII[IFOETHCS AeTOHAlliliHa XBWIS i IPOAYKTH JleTOHAllii
BIYBAWOTHCSl B HAA3BYKOBUII MOTIK, IMTOPOJIKYIOUM iIHTEHCUBHY yaapHY XBUJI0. OcKi-
JIbKM B MOJIe/Ii HeMa€e BepXHbOi CTiHKM, TO yapHa XBUJIS PO3MOBCIOIKYETHCS B Ha-
BKOJIUIIIHE CepeJloBUIlle, BUXOASIUM 3 HAA3BYKOBOTO MOTOKY. EBOJIOIiIO yaapHOi
XBWJIi B KAPTMHAX TUCKY i MIBUAKOCTI IIPOITIOCTPOBAHO Ha PUC. 3.
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PucyHoK 3 — Po3noain TMCKY i IBUAKOCTI 3 IJIMHOM 4acy: a) t=0,0001 c;
6) t=0,0002 c; B) t=0,0004 c, r) t=0,0006 c

MaxkcumasibHe 3HaUeHHS TUCKY Ha MOBepxHi cTiHku - 3,5-10°I1a. [leToHalijiHa
XBWJISI, BUXOJISIYM B HAA3BYKOBMIA ITOTIK MOBIiTPSI, 110 OOTiKA€ pakeTy, MOPOIKYE iH-
TEHCUBHY yAapHYy XBWIKO. BOHa 3MiHIO€ pPO3MOAII TUCKY IO ITOBEpPXHi CTIHKK. IIpo-
IYKTU OeTOHallii, po3IMpII0UYMCh CTBOPIOIOTh 3a ra3oreHepaTopoM 30HY pO3pi-
IkeHHs. Yac, poTIroM SIKOTo BimOyBa€eThCs IPOIleC BAYBY, CTAHOBUTH 2 MC, a Bif-
HOBJIEHHSI TTOTOKY TPUBAE 1ie 3 Mc. Tomy IJ1s1 TpOBeIeHHS eKCIIePUMEHTY HeoOXimHi
IaTUYMKU TUCKY 3 YaCTOTOW peecTpallii He MeHie 1 kI'11. [Ins Bigeo dikcalii cTpyk-
Typy IIOTOKY Kamepa MoBMHHA MaTu yacToTy 6isibiie 1000 kaapis /c.

BucHoBku. [IpoBeeHO arnpiopHe uuce/ibHE MOJIEIIOBAHHS 3 METOK OI[iHKU
rapamMeTpiB B3a€EMO/ii MPOAYKTiB AeTOHAIlil 3 HaA3BYKOBMM IMOTOKOM MOBIiTps. Bu-
3HAYeHO Jialla30H TUCKY Ta TPUBAJICThb IIPOIleCy, IO A03BOJISIE ITPOBECTU BUOip 00-
JIaHAHHS Ta MJIaHYBAHHS eKcriepuMeHTy. OTpUMMaHO KapTUHU PO3TMOLITY IBUIKOC-
Ti Ta TUCKY B MOJIeJIi 3 INIMHOM 4acy.
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Numerical simulation of the influence of detonation products
on a supersonic airflow process

Currently, there is a large number of control bodies used in modern rocket technol-
ogy. Gasdynamic systems are usually used in rocket engines to change the thrust vector,
less often - to create asymmetric air flow around the case. But the application of the det-
onation process for such scheme can have better energy and dynamic characteristics
compared to existing systems. The driving force in such scheme is created not only by the
reactive mass force of detonation products ejected from the gas generator, but also by the
effect of an intense shock wave on the pattern of supersonic flow around the rocket.
Therefore, it is necessary to evaluate the performance and efficiency of the experiment.

The purpose of the study is a priori numerical study of the detonation wave effect on
the supersonic flow in the nozzle.

Modeling was carried out in the Solid Works application software package.

The geometric parameters of the model coincide with the experimental model. It is a
flat nozzle, one of the walls is longer than the other and imitates the surface of the rocket.
Air, accelerating in the nozzle to supersonic speeds with Mach number M=1.3...2, flows
around this wall. Setting devices affecting the flow in it, it is possible to investigate their
influence and the possibility of creating a lateral (controlling) force. When detonation is
used to disturb the flow, an intense shock wave is generated in it, which changes the pres-
sure distribution on the wall surface. Some holes for pressure sensors are made in the
wall to fix this disturbance over time.

A priori numerical modeling was carried out in order to estimate the parameters of
the interaction of detonation products with the supersonic air flow. The pressure range
and duration of the process have been determined, which allows selection of equipment
and planning of the experiment. Patterns of velocity and pressure distribution in the
model over time were obtained.

Key words: detonation, string engine, supersonic flow, shock wave.

TepHoBa Katepuna BitaniiBHa — cTapiimii HAyKOBUii CIIiBpOOITHUK [HCTUTYTY Te-
xHiuHOi MexaHiku HAH Ykpaium i IKA Ykpainu, K.T.H.

BacwriB Crenan CTenmaHOBUY — CTAapIINii HAYKOBUI CITIBPOOITHUK [HCTUTYTY TeX-
HiuHoi MexaHiku HAH Vkpainn i [IKA Ykpaiuu, K.T.H.

Ternova Katerina Vitalivna - senior researcher, Institute of Technical Mechanics
of the National Academy of Sciences of Ukraine and State Space Agency of Ukraine,
PhD.
Vasiliv StepanStepanovych- senior researcher, Institute of Technical Mechanics of
the National Academy of Sciences of Ukraine and State Space Agency of Ukraine,
PhD.

40 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



