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2. Development of an efficient method for designing the supersonic part of a liquid-propellant rocket engine
chamber using numerical modeling methods

Pedepar:

1. O6'exT mociiKeHHs - ra30MHaMIuHi IPOLleCH B HAI3BYKOBUX COIJIaX PiIMHHUX PAaKeTHUX JABUTYHiB. MeTa
pO6OTH MOJISITae Y CTBOPEHHI €(PEKTUBHOI METOAMKY ITPOEKTYBAHHS 6araTOCEKLiHOIO HaZl3ByKOBOTO COILIA
piILI/IHHOI‘O pPaKETHOro ABUT'YHA, K€ 3a6esnequaTMMe MaKCUMaJIbHY TATY IIPU 3alaHNX KOHCTPYKTUBHNX

O6Me)KeHHHX, i3 BUKOPUCTAaHHAM MeTO,ILiB 00YUCITIOBAJILHOTO MOOETIOBAHHS. MeTOILI/I ,I[OCJIi,IL)KeHHH - KpI/ITI/I‘IHI/II/UI



aHaJli3 iCHYI04YMX JOCIIIPKEHb; METOAM YMCEIBHOIO MOZEIOBAHHS Ira30IMHAMIUYHUX MIPOLECIB Y PiIUHHUAX PAKETHUX
IBUT'YHAX; YMCEJIbHI METOIU PO3B'I3aHHS 6araToOBUMIpHUX 337ja4 ONTUMI3allii; MeTonu Teopii nonibHocCTi Ta
PO3MipHOCTI 117151 3a6€3Me4eHHs] MaclITabOBaHOCTI OTPUMAaHUX Pe3yJbTaTiB. Pe3ysbTaTu JOCTiIKEeHHS —
PO3p06JIEHO 0OUMCIIOBAIBHY MOJI€JIb ABOBUMIPHUX BHYTPIlIHIX T€4ill IPOAYKTIB 3TOPSIHHS y COIJIaX PilMHHUAX
paKeTHUX JIBUTYHIB, Ka MO>Ke€ BUKOPUCTOBYBATHUCS /1J11 PO3PAXYHKY [IOBIJIbHMX BHYTPIIIHIX T€4ill HEB'SI3KOTO
CTHCJIMBOTO a3y MOCTIMHOrO XiMiYHOTO CcKiany. BoHa 03BosIsi€ 3MiICHIOBATY YUCEJIbHE MOJIEIIOBAHHS

I BOBUMIPHOI Tedii HEB'SI3KOTO CTUCJIMBOTO rady WBUIIE, aHIK iICHYI0UM MO, SIKi peasi3oBaHO B KOMEPLIIMHUX
IIaKeTax [IPOrpaM, OCKIJIBKY 0a3yeThCs Ha 3aCTOCYBaHHI IEKaPTOBUX CiTOK Ta METOLY PO3MIKAPEHUX 00'€MIB M1JIs
[IOCTaHOBKY T'PaHUYHUX YMOB Ha KPUBOJIiHINHIl rpaHulli po3paxyHKOBOi 06J1acTi. 3 3acToCcyBaHHSIM po3pobieHoi
MoOJeJli 3alIPOIIOHOBAHO METOAMKY IIPOEKTYBAHHS ONITUMAJIbHOTO KOHTYPY HaJI3BYKOBOI YaCTMHU 6araToCek1iiiHoro
COILJIa PiTMHHOTO PAKeTHOTO IBUTYHA, sIKa 'PYHTYEThCS HA PO3B'SI3aHHI 3aja4i ONTUMi3allii Ta BUKOPUCTaHHi
METO/1iB OOUMCIIIOBAJILHOTO MOZIEJIIOBAHHS, 3 yPAaXyBaHHSIM TPAEKTOPIi OJIbOTY paKeTH-HOCIs. ['any3b 3aCTOCYBaHHS

PEe3yJIbTaTiB — ME€XaHiYHa iHKeHepid.

2. The object of research is gas-dynamic processes in supersonic nozzles of liquid-propellant rocket engines. The
purpose of the work is to create an effective method of designing a multi-section supersonic nozzle of a liquid-
propellant rocket engine, which will provide maximum thrust under given design limitations, using numerical
modeling methods. Research methods - critical analysis of existing researches; methods of numerical modeling of
gas-dynamic processes in liquid-propellant rocket engines; numerical methods for solving multidimensional
optimization problems; similarity and dimensionality theory methods to ensure the scalability of the obtained
results. Research results - a computational model of two-dimensional internal flows of combustion products in the
nozzles of liquid-propellant rocket engines has been developed, which can be used to calculate arbitrary internal
flows of an inviscid compressible gas of constant chemical composition. It allows numerical simulation of two-
dimensional flow of inviscid compressible gas faster than existing models implemented in commercial software
packages, as it is based on the use of Cartesian grids and the extended volumes method to set boundary conditions
on the curvilinear border of the computational domain. With the use of the developed model, a method of
designing the optimal contour of the supersonic part of the multi-section nozzle of a liquid-propellant rocket
engine is proposed, which is based on solving the optimization problem and using numerical modeling methods,
taking into account the flight trajectory of the launch vehicle. The field of application of the results is mechanical
engineering.
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