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1. Po3po6ka eKOHOMIYHOI METOAUKY IPOEKTYBAaHHS HAJ3BYKOBOI YaCTUHU KaMepH PilMHHOIO PaKeTHOrO ABUTYHA

METOdaMU 004K CTIOBAJIBHOTO MOJIEJIIIOBAHHSA

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'eKT BOCIIIPKEHHS — ra304MHAMIuHi IPOLIECH B HA/I3BYKOBUX COIJIaX PiIMHHUX PaKETHUX ABUTYHIB. MeTa
pO06OTH MOJIATa€e y CTBOPEHHI €(PEKTUBHOI METOIVKU POEKTYBaHHS 6araTOCEKLiHOTO HaA3BYKOBOTO COIIa
PIAVMHHOTO pakeTHOTro IBUTYHA, SIKe 3a0e31eYyBaTiMe MaKCHMAaJIbHY TATY [IPY 331aHUX KOHCTPYKTUBHUX
0OMEeXXeHHSIX, i3 BUKOPUCTAHHIM METO/IiB 00YHC/II0BAaJIbHOTO MOJIE/IIOBaHHS. MeTony NOCiIKeHHS — KpUTUYHUN
aHaJli3 iCHYI0YMX TOCIIiIKEHb; METOIN YMCEIbHOTO MOZEIIOBAHHS ra304MHAMIYHMX IIPOLECIB Y PIMHHUX PAKETHUX
IBUT'YHAX; YMCEJIbHI METOIU PO3B'I3aHHS 6araTOBUMIpHMX 33724 ONTUMI3allii; MeTomu Teopii monibHocCTi Ta

PO3MipHOCTI 117151 3a6€e311e4eHHs] MaclITabOBaHOCTI OTPUMAaHUX Pe3yJbTaTiB. Pe3ysibTaTu JOCTiIKeHHS —



PO3p06JIEHO OOYMCIIOBAJIBHY MOJI€JIb IBOBUMIPHUX BHYTPIIIHIX Te4iil TPOLYKTIiB 3rOPSIHHS y COILJIAX PifUHHUX
PaKeTHUX [IBUTYHIB, sIKa MOK€ BUKOPHCTOBYBATHCS 1111 PO3PaXyHKY [OBiJIbHUX BHYTPILIHIX Te4ill HEB'sI3KOro
CTHCJIMBOTO a3y MOCTIMHOrO XiMiYHOrO cKiany. BoHa 03BosIsie 3MiICHIOBATY YMCEJIbHE MOJIEIIOBAHHS
IBOBUMIPHOI Tedii HEB'SI3KOTO CTUCJIUBOTO rady WBUIIE, aHIK iICHYI0UM MO, SIKi peasi3oBaHO B KOMEPLIIMHUX
IakeTax Iporpam, OCKijibKu 6a3yeTbCsl Ha 3aCTOCYBAaHHI 1€KapTOBUX CiTOK Ta METOJY PO3MINPEHUX 06'eMiB 1151
[IOCTaHOBKY T'PaHUYHUX YMOB Ha KpPUBOJIiHINHIl rpaHulli po3paxyHKOBOi 00J1acTi. I3 3acTocyBaHHSIM po3pobJieHoi
MOJeJli 3alTPOIIOHOBAHO METOAMKY IIPOEKTYBAHHS ONITUMAJIBHOTO KOHTYPY HaJI3BYKOBOI YaCTMHU 6araToCeKiliHoro
COIlJIa PiTMHHOTO PAKETHOTO ABUTYHA, sIKA 'PYHTYEThCS HA PO3B'SI3aHHI 33a4i ONTUMi3allii Ta BUKOPUCTaHHI
METO[IiB 06U CIII0BAJIbHOTO MOIEJIIOBAHHS, 3 ypaxyBaHHSIM TPA€EKTOPIi MONbOTY pakeTu-Hocis. ['any3b 3aCTOCyBaHHS

pEe3yJIbTATIiB — ME€XaHiYHa iHKeHepi.

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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