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Annomayusa: Pabora mocBsIneHa YUCICHHOMY MOJEJUPOBAHUIO IIPOIECCa BO3ZHUKHO-
BEHUS U PACIPOCTPAHEHUS OJHOMEPHON JIETOHAIMOHHON BOJIHBI C HCIIOJb30BaAHUEM
Geccerounoro meroma cruaxkennbix dacrun, (SPH). B pamkax ucciemoBanus paspa-
6orana SPH-anmpokcumariust ypaBHeHmit ra30BO# JMHAMUKY, KOTOpas B JTaIbHENIIIEM
OyZeT IOMOIHEHA MOJIEJIbI0 XUMIIECKOW KUHETHKY JIJIs OIMUCAHUST SHEPTOBBIIEICHUS
B 30He peakiuu. [IporpammMuasi peasmsanus BbiosiHeHa Ha s3bike C++. TIposese-
HO TECTUPOBAHNE MOJIEIN HA KJIACCUIECKOH 3a/1a4de O IIJIOCKOH JIEeTOHAIMOHHOM BOJIHE,
[IOJIyY€Hbl TTPOMUIN JABJIEHNs], IIJIOTHOCTA U CKOpocTu. llokazaHo, 9TO mpu ONTHU-
MaJIbHOM BBIOOpE CIVIAXKMBAIOIIETO SAPa M €r0 MapaMeTPOB MPEJIOKEHHBIN MOIXO]
KA4YECTBEHHO M KOJMIECTBEHHO KOPPEKTHO BOCIIPOU3BOIUT CTPYKTYPY JE€TOHAIIMOHHO-
ro GppoHTA, JEMOHCTPUPYS IPEUMYIIECTBA OECCETOYHBIX METOIOB IIPHU MOJIETUPOBAHIHI
Pa3pbIBHBIX TCYCHUI.

Karouesnie cao6a: eTOHAIIMOHHAST BOJIHA, YIAPHAs BOJIHA, SPh, CriIaXKuBaroIee siipo,
0OeCCeTOUHBIR MEeTO,.

Nzyvenne mporeccoB BOSHUKHOBEHUsI U PACHPOCTPAHEHUST JETOHAIMN OTHOCHTCH K
YUCY aKTYAJIbHBIX 33724 (DU3NKKM B3PbIBA U ropeHns. [[pum MaTeMaTHIecKOM ONMCaHUN
TaKUX ABJIEHUN HEOOXOIMMO YINTBHIBATD HAJUYUNE YIAPHBIX BOJIH, CUJIbHBIX PA3PBIBOB Ta-
paMeTpPOB CpeJIbl U XUMUYECKUX PEAKITUil, COIMPOBOXKIAIONINXCS BbIJICJIEHIEM SHEPTHH.
Wcnonib3oBanne TpaUIIMOHHBIX CETOYHBIX METOJIOB B IOJOOHBIX 3ajladaX MOXKET OBbITb
3aTPYAHEHO U3-3a OOJIBIINX TPAJANEHTOB (DUBNYIECKUX BEJIUIHH, jedopMaiuil cpegbl u
HEOOXOIMMOCTH KOPPEKTHOIO Olucanus (ppoHTa BOJIHBL [[09TOMY IMepCIEeKTUBHBIM I10/I-
XOJIOM SIBJISIETCS METOJI CTVIAXKEHHBIX YACTHI], OTHOCSAIIUNCST K OECCeTOUHBIM YUC/TEHHBIM
MeTO/IaM ¥ TIO3BOJISIIOIIII MOJIE/IMPOBATH PA3PBIBHBIE TeUeHUs Oe3 TOCTPpOeHUs (PUKCUPO-
BAHHON PaCUYECTHOW CETKH.

Hesbio paboThl ABJIAETCA MOCTPOCHUE W YUCJICHHAs] PeaJin3alidsl OJIHOMEPHON Mo/ie-
JIN TIPOIecca BO3BHUKHOBEHHS JIETOHAIIMU Ha OCHOBE METOJA CrJIaKeHHBIX dacTuil. Jlms
JIOCTYKEHHS JIaHHOM Tiesin paccmaTpuBaercd SPH-amnmpokcumarius ypaBHeHnit ra30BoOi
JIMTHAMUKH, OIMUACHIBAIOIINX U3MEHEHNE TIJIOTHOCTH, CKOPOCTHU U JABJICHUsI B paCICTHON 00-
sactu. Kpome Toro, B Mojie/ib B JIaJbHEHIIEM IJIAHUPYETCA BKJIIOUEHIE OIMUCAHUS XUMU-
YeCKON KUHETUKU, MO3BOJISIONIEe YIUTHIBATH SHEPIOBbIIe/IeHne B 30He peakmun. Ocoboe
BHUMAHUE yJIeJIAeTCA BEIOOPY IMapaMeTpPOB CIUIayKUBAHUSA U CTPYKTYPbI pACIETHON CXEMBI,
ITOCKOJIbKY OT HUX 3aBUCHT YCTOWIMBOCTD BBIUNC/IEHNI 1 KOPPEKTHOCTH BOCIIPON3BEICHIS
JIETOHAITMOHHOT'O (PPOHTA.

B xome pabotrsr ObL1a BBITTOJTHEHA ITporpaMMHasi peasu3alius ogHoMepaoro SPH-koma
Ha sa3bike C-++. Pazpaborannasi Mojiesib OblLia MMPOTECTUPOBaHA Ha 3aj@ade pacdera Io-
CTOSTHHOT'O TeueHus, 3aade Soda, 3ajmade Le Blanc, a Takke Ha 3ajia1de B3auMO/IeiiCTBUS
yaapubix Bosta (Blast Waves). B pesyibrare pacueToB moJiydeHbl pacipeieseHus OCHOB-
HBIX Ta30IMHAMUYCCKUX BEJMIUH: JaBJICHHS, IJIOTHOCTA W CKOpOCcTH. VX aHa/mM3 1m03BO-
JILJT OIEHUTh OCOOEHHOCTU MPUMEHEHUs] METOJ[a CIVIA’KEeHHBIX YaCTUIl K MOJCTHPOBAHUIO
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JIETOHAITMOHHBIX ITpolieccoB. [lokazano, 910 KauecTBO YUC/IEHHOTO PEINIEHUS CYIIECTBEHHO
3aBUCUT OT BBIOOPA CIVIAYKUBAIOIIETO S/pa U IMapaMeTpoB criiaxkupanud. [[pu KoppekTHO
HACTPOIiKe pacdeTHoil Momemm metos SPH mo3BosseT agekBaTHO BOCIIPOU3BOINTE CTPYK-
TYPY JIETOHAIIMOHHOW BOJITHBI I MOYKET OBITH MCIIOJIBb30BAH JIJIs UCCJIeTOBAHNS IIPOIIECCca ee
BO3HMKHOBEHHUA B OJHOMEPHOI IIOCTAHOBKE.
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Simulation of the occurrence of one-dimensional
detonation using the smoothed particle method

N.V. Bannikov!, Yu.N. Deryugin?

Branch of Lomonosov Moscow State University in Sarov!

Abstract: The paper is devoted to numerical modeling of the process of occurrence
and propagation of a one-dimensional detonation wave using the grid-free smoothed
particle (SPH) method. As part of the study, an SPH approximation of the equations
of gas dynamics was developed, which will be further supplemented by a model of
chemical kinetics to describe the energy release in the reaction zone. The software
implementation is implemented in C++. The model was tested on the classical problem
of a plane detonation wave, and pressure, density, and velocity profiles were obtained.
It is shown that with an optimal choice of the smoothing core and its parameters,
the proposed approach reproduces the detonation front structure qualitatively and
quantitatively correctly, demonstrating the advantages of mesh-free methods in mode-
ling discontinuous flows.

Keywords: detonation wave, shock wave, sph, smoothing core, grid-free method.
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