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Pedepar:

1. Y puceprauiiiHiit po60Ti po3p06JeHO KOMIJIEKCHY MaTeMaTU4HY Ta KOMITIOTEPHY MOJieJlb ra30iHaMiuyHuX i
TEIJIOMAaCOOOMIHHUX NIPOLECIB Y ABUTYHI 3 IIEHTPAJIbHUM TiJIOM NIE€PCIEKTUBHOI aBTO(AKHOI paKeTU. AKTyaJIbHICTh
TOCJIiIPKEHHS 00YMOBJIIOETBCSI PO3BUTKOM TEXHOJIOTII CTBOPEHHSI aBTOQAXKHUX PaKeT, 10 OTpedye po3pooKu
MoJeJsiell Ta MeTOAUK PO3PaxyHKy ra30A1HaMIUYHUX i TEeNJIO0OMiHHUX NIPOLECIB B IXHIX IBUT'YHAX HOBOTO THUILY.
MeTto1o po60TH € NifBUILEHHS €PEKTUBHOCTI aBTOQAKHOTO JBUT'YHA LIJISIXOM CTBOPEHHSI JOCTOBIPHO]

MaTeMaTUYHOI Ta YMCeJIbHOI MO eJli B3AEMOIIOB'SI3aHUX XiMIYHUX, Ta30MHaMIUYHUX i TemIoQi3uYHUX TPOLIECIB, 5SKa



Jla€ 3MOTy IIPOTHO3YBaTU NIapaMeTpy MOTOKY Ta TEIJIOBI HABAHTAXXEHHS 3a Pi3HUX KOMOiHaLill TOJiMepHOTO
MaJILHOTO i TBEPJOrO OKUCIIIOBAYa. [171s1 JOCATHEHHS 1jiei MeTH BUKOHAHO KpUTUYHUI OIJIS] JIiTEPaTypH,
copMyIbOBAHO PiBHSIHHS TEIJIOMAacOOOMIHY 3 ypaxyBaHHsIM rasudikauii nanusa, po3pobaeHo Tpusumipny CFD-
MOJeJIb Tedii B KaMepi 3ropaHHA 1 corti JIaBasid Ta IpOBENEHO CEPII0 YACEIbHUX €KCIIEPUMEHTIB i3 I1IePEeBipKOIo
361KHOCTI. Bnepie oTpumMaHO CMCTEMATU30BaHi JjaHi 010 BIIMBY T€OMETPii BHYTPIIIHBOTO LIEHTPAJIbHOTO Tijia -
rasudikaTopa Ha CTPYKTYPY KiJIbLIeBOTO MTOTOKY, PEXXMMU TEIJIO00MiHY Ta CTabisIbHICTh FOpiHHS. 3a3HaY€eHO
MOXJIMBI KpuTepii BUOOPY MaTepiany rasudikaTopa i cxeMu 10ro 0X0JI0IKEHHS, SKi BpaxOBYIOTb MAaKCUMAaJIbHI
TEIJIOBi IOTOKM Ha MOTo MoBepXHi. Ha 0CHOBI TEpMOIMHAMIYHMX PO3PAXYHKIB BUSHAYEHO PIBHOBAXKHUI CKJIaZ,
MIPOAYKTiB 3TOPSIHHS IJ151 HU3KY [ePCIEKTUBHUX KOMIIO3ULil «I1ajJlbHE — OKMCJIIOBAY», @ TAKOX OLIHEHO
Ters10(isnyHi NapaMeTpy IPOLYKTiB 3rOPSIHHS Ta €eHEpPreTUyHi BaacTusocTi. Pesynprat CFD-MopenoBaHHs
MigTBEPI’)KEHO aHali30M eHEPreTUYHUX 6aJIaHCiB, CITKOBOIO 301’KHICTIO Ta CITiIBCTaBJIEHHSIM i3 HE3aleXHUMU
AQHATUYHUMU PO3B’SI3KaMU. 3alIPOIIOHOBaHA MOEJb € YHiBEPCAJIIbHOIO 1 MOXKE BUKOPUCTOBYBATUCS [JIs
onTUMizallii NepCcrneKTUBUHUX KOHCTPYKLiN aBTOpakKHUX paKkeT. [JOCTOBipHICTh OTPUMAaHUX pPe3yJIbTaTiB
3a0€31e4yeTbCsl BUKOPUCTAHHIM KJIACUYHUX (i3MKO-MaTEMAaTUYHUX MOZEJIEN TENIJIO00MiHY Ta CTUCIUBOI
rasofuHamiky, 1o go6pe anpo6oBaHi y IPaKTULli iHKEHEPHOTO MOeI0BaHHS. TOUHICTb 064K CIEHDb
KOHTPOJIIOBAJIACS IIJISIXOM CITKOBOi 301KHOCTI Ta IepeBipKy eHepreTUYHUX 6ajIaHCiB. Y3roKeHiCTh pe3yJIbTaTiB i3
BiZJOMMMU TEOPETUYHUMMU NOJIOKEHHSIMU Ta OIy6JIIKOBAaHMMU JOCIIPKEHHSIMU iHIIKUX aBTOPIiB TAaKOX MiTTBEPIKY€E
HaJilHICTb 3pO0JIEHMX BUCHOBKIB. [IpakTH4YHE 3HaYEHHS OEP>KaHUX PE3YyJIbTATIB [10JISITa€ B TOMY, BIleplle
po3po6JieHa MaTeEMATUYHA Ta AeTali30BaHa KOMITIOTEPHA MOJIeJIb [1JIs BUBHAUE€HHS TEPMOTa30qHaMiuHIX
IIpolLieciB B KaMepi 3rOpsiHHS JBUTYHA HOBOT'O TUILY, SIKUI BUKOPUCTOBYE aBTOQaxXHUl npuHuuI. lle Mae Besnnke
[IPaKTUYHE 3HAYE€HH$, OCKIJIbBKY O3BOJISIE€ OLiHUTH PalliOHAJIbHI KOHCTPYKTUBHI [IapaMETPU [JIs1 BHYTPIIIHBOTO Tijla
- rasu@ikaniiHoi KaMmepy, KOMIIOHEHTIB N1ajJlMBa Ta KOHCTPYKLii coma. Pe3ysbTaTi IUCepTaliiiHOro JOCiIKEHHS

MOXYTb OYTH BIIPOBaJKEHNMU B PaMKax [IPOEKTIB 3 pO3POOKY IIPOTOTUIIB pakeT 3 aBTO(PaKHUMU IBUTYHAMU.

2. In the dissertation, a comprehensive mathematical and computational model of gas-dynamic and heat-and-mass
transfer processes in an engine with a central body of a prospective autophagic rocket was developed. The
relevance of the study is driven by the advancement of autophagic rocket technology, which necessitates the
development of models and calculation methods for gas-dynamic and heat transfer processes in their new type of
engines. The aim of the work is to increase the efficiency of an autophagic engine by developing a reliable
mathematical and computational model of interrelated chemical, gas-dynamic, and thermophysical processes,
which makes it possible to predict flow parameters and thermal loads for different combinations of polymer fuel
and solid oxidizer. To achieve this objective, a critical review of the literature was conducted, equations of heat-
and-mass transfer were formulated with regard to fuel gasification, a three-dimensional CFD model of flow in the
combustion chamber and Laval nozzle was developed, and a series of numerical experiments was conducted with
convergence verification. For the first time, systematized data were obtained on the influence of the geometry of
the internal central body - the gasifier - on the structure of the annular flow, heat transfer conditions, and
combustion stability. Possible criteria for selecting the gasifier material and its cooling scheme were outlined,
taking into account the maximum heat fluxes on its surface. Based on thermodynamic calculations, the equilibrium
composition of combustion products was determined for a number of promising "fuel-oxidizer" combinations, and
the thermophysical parameters of combustion products and their energetic properties were evaluated. The CFD
modeling results were confirmed by analysis of energy balances, mesh convergence, and comparison with
independent analytical solutions. The proposed model is universal and can be used to optimize the design of
prospective autophagic rockets. The reliability of the obtained results is ensured by the use of classical physico-
mathematical models of heat transfer and compressible gas dynamics, which are well proven in engineering
modeling practice. The accuracy of the calculations was controlled by mesh convergence and verification of
energy balances. The consistency of the results with known theoretical principles and published research by other
authors also confirms the reliability of the conclusions made. The practical significance of the obtained results lies
in the fact that, for the first time, a mathematical and detailed computational model was developed to determine
thermogasdynamic processes in the combustion chamber of a new-type engine that uses the autophagic principle.



This has significant practical value, as it allows the assessment of rational structural parameters for the internal
body - the gasification chamber, fuel components, and nozzle design. The results of the dissertation research can
be implemented within the framework of projects aimed at developing prototypes of rockets with autophagic
engines.
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