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5. HaykoBo-TexHi4Ha poooTa

Hasga po6oTH (YKp)

MopenoBaHHSA 3allyCKy PiIMHHOrO PaKeTHOTO ABUIYHA i3 ypaxyBaHHSAM KaBiTallii B HacOCax i AMHAMIKM MaricTpasnei KUBJIEHHS

NEepUoro CTyrneHqa HepCHeKTI/IBHO'I' paKeTI/I'HOCiH 3 ,uemnc])epaMM I'[OB,HOB)KHiX KOJINBaHb

Ha3sBa po6oTHu (aHrJI)

Simulation of the liquid-propellant rocket engine start-up, taking into account cavitation in the pumps and the feed lines
dynamics of the first stage of a prospective launch vehicle with pogo vibration dampers.

Pedepar (yxp)

Merta pocnigpKeHHsl - 4MCeJIbHE BU3HAYEHHS Ta JOCIIJIKEHHS XapaKTePUCTUK IEPEXifHUX IPOLECIB IPU 3allyCKy MapIIOBOrO
JIBUTYHA IIEPIIOTo CTYIEHs ePCIeKTUBHOI pinnHHOI pakeTu-Hocis (PH) i3 memndepamu no3moBXHIX KOJIMBaHb, BCTAHOBJIEHUMU
y MaricTpasix >KMBJIEHHS, i3 ypaxyBaHHSIM KaBiTaulii B Hacocax . O6'eKT HOCIHiIKeHHs - MpOlLeC 3aMmyCcKy piIuHHOI pakeTHOi
IBuryHHoi ycraHoBku (PPIY), sika MICTUTb 4OTWpPHU PiguHHMX pakeTHUX apuryHa (PP]/l) i3 Typ6OHAaCOCHOIO CHCTEMOIO MOJadu
majgvBa i yorupu pemidepu MO3JOBXKHIX KOJMBaHb. MeTOOu TOCIIIKEHHS - MEeTOAM Teopii CHCTEM aBTOMAaTUYHOTO
peryJIloBaHHsI, TeOPii pakeTHUX [IBUTYHIB, Teopii KosmuBaHb. OTprMaHi pe3ysnbraTu: PO3po6sieHO HesiHifiHy MaTeMaTUYHy MOJIEJb
3armycky mapmoBoi PPIIY mepmoro cryneHs nepcnektuBHoi PH. Ha ocHOBi po3po6seHoi Mopesi BU3HAY€HO XapaKTePUCTHKHU
nepexigHux npotecis npu 3amnycky PPJIY 6e3 nemmndepis Ta 3 pemndepamu Mo3J0BXKHIX KOJIMBaHb, IPY IIbOMY PO3IJISHYTO [1Ba
BapiaHTH ycTaHOBKU femMiipepiB: Ha BXoAi y 6ycrepHi Hacocu okucmoBaya (BHO) i mo6sm3y KosekTopy MmaricTpasi okucIoBaya.
BukoHaHO aHasi3 BIUIMBY Ha mnepexinHi npouecu B PPIIY HacTynmHux ¢akTopiB: KaBiTalilHMX SIBUIN, B HAacCOCaX OKMCJIIOBAyYa i
NaJIbHOTO; MOXJIMBUX BiJMIHHOCTEN LIOJO MOMEHTY I0fadi KOMaHJ B LMKJIOTPaMi 3alyCKy KOXXHOTO 3 YOTUDPLOX JBUTYHIB;
YCTaHOBKM JIeMII(PEPiB MO3J0OBXKHIX KOJIMBaHb Ta MICISl MOro yCTaHOBKM. [loKazaHO, IO yCTaHOBKa OeMINQEPIB MO3MOBXKHIX
KOJIMBaHb CYTTEBO IOKpalllye fKiCTb INEPEeXifHUX MpoLeciB npu 3amycky PPIY, 3MmeHIIylouM MaKCHMasbHi "3aKupu’ TUCKY i
"MmpoBanu” BUTPATU. Bu3HavyeHo, mo 6inbil e(PEKTUBHUM 3 TOYKHM 30pY MiBUIIEHHS SKOCTi N€PEXifHUX MPOLECIB € PO3MilleHHS

IemrndepiB NO300BXKHIX KOJIMBaHb Ha Bxofi B BHO.
Pedepar (aHrI)

The purpose of the research is to numerically determine and study the characteristics of transient processes when start-up the
first-stage liquid-propellant engine of a prospective liquid propellant launch vehicle (LV) with pogo suppressors installed in feed
lines, taking into account cavitation in the pumps. The object of the research is the process of start-up a liquid rocket propulsion
system (LPRS), which contains four liquid-propellant rocket engines (LPREs) with a turbo-pump feed system and four pogo
suppressors. Research methods include methods of the automatic control systems theory, the theory of rocket engines, the
theory of oscillations. Results obtained: A non-linear mathematical model of start-up the first-stage LPRS of a prospective LV
has been developed. On the basis of the developed model, the characteristics of transients when starting LPREs without pogo
suppressors and with ones are determined, two options for the placement of pogo suppressors were considered: at the input to
the oxidizer booster pumps (OBP) and near the main collector of the oxidizer. The analysis of the effect on the transient
processes in the LPRE of the following factors has been carried out: cavitation phenomena in the pumps of the oxidizer and fuel;
possible differences in the time sequence of start-up commands of each of the four engines; installation of pogo suppressors
and the place of its installation. It is shown that the installation of pogo suppressors significantly improves the quality of
transients when LPRE starts up, reducing the maximum pressure overshoots and maximum flow rate drops of propellant. It has
been determined that it is more effective from the point of view of improving the quality of transient processes to place the
pogo suppressors at the input to the OBP.

Inpekc YIK: 629.78.083, 629.78, 629.7.017.21



Kopgu TemarnyHux pyopuk HTI: 89.25.39
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

Ha3zBa npoaykuii (ykp): MaTemMaTiyHa MoJieJIb 3aIlyCKy PiIHHOI pakeTHOi ABUTYHHOI ycTaHOBKY (PPIIY) mepimoro cTymneHs
NepcreKkTUBHOi pakeTn-Hocis (PH), sxa MICTUTb YOTUPY PifMHHNX pakeTHuX asuryHa (PP]]) i3 Typ60HaCOCHOI0 CUCTEMOIO M01a4i
najauBa i Jotupu gemndepy No3/L0BXKHIX KOJIMBaHb; PO3PaxyHKOBI XapaKTEPUCTUKH NepeXiHUX MpolieciB npu 3amycky PPV i3

ypaxyBaHHsM KaBiTallil B Hacocax; BU3HaY€HHs BIUIMBY AeMIdepiB 10300BKHIX KOJMBAHb Ha NEepPeXifHi IPOLeCH.

HasBa npoaykuii (anrJ): Mathematical model of start-up a liquid rocket propulsion system (LRPS) of the first stage of a
prospective launch vehicle (LV), which contains four liquid rocket engines (LRE) with a turbo-pump feed system and four pogo
suppressors; the design characteristics of transients when starting LPRE taking into account cavitation in the pumps;
determination of the influence of pogo suppressors on transients.

OuiKyBaHi pe3yJIbTaTH:
T'anyss 3acrocyBanns: 30.30

Onuc npozykuii (ykp): Ha ocHOBi po3po6sieHoi MaTeMaTH4HOI MO/ieIi 3aIycKy MapiuoBoi PPJIY mepioro cTyneHs
nepcrnektuBHoi PH i3 nemndepamu no3moBXHIX KOJIMBaHb BUKOHAHO PO3PaxyHKU MapaMeTpiB NepexigHuX MPOLECiB IpU
3amycky. [TokazaHO CyTTEBUH BILJIMB KaBiTallilHUX SIBUIL, y HACOCAX HA IepexifHi mpoluecy. BusHaueHo, 1110 ycTaHOBKA Aemindepis
MO37,0BXHIX KOJIMBaHb 1063y KOJIEKTOPY MaricTpasli OKMACIoBaya abo Ha BXOAi B 6ycTepHuUil Hacoc okuciosada (BHO) 3HauHO
MOKpallly€ SKiCTb NePEeXiIHMX MPpoLeciB pu 3anycKy PPJIY, 3MeHIIyI09M MaKCMMaJIbHI "3aKuAM" TUCKY i "TIpOBain" BUTpaTu
MajuBa, Py LbOMY 6isbIl €(PEKTUBHUM 3 TOUKU 30PY MiABUILIEHHS SIKOCTI ITepEXiIHUX [IPOLIECIB € po3MillieHHs AeMIIpepiB Ha
Bxoni B BHO.

ComiasibHO-eKOHOMIYHa crpsimoBaHicTs HTII:

Crapgis 3aBepmenocti HTII: 3sit no HIIJKP

Buposagskenns HTII: BnposagxeHo

Crpoku BrpoBajsKeHHS: yepBeHb 2019 poky

Bupo6Huk npoaykuii: ITM HAHY i IKAY

Cnosxuayi npoaykuii: JIIT "Kb "TliBnenne”

IlepcnekTuBHi puHKHU: YKpaiHa, Kuraii, [Tisnenna Kopes, CLIA, [uais
IIpaBa iHTeIeKTyasIbHOI BJIACHOCTI: 32 JOrOBOpamMu

®dopmu Ta ymoBH nepepavi npogykiii: [[pogax npoaykuii
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8. 3BiTHa JOKyMEHTaIis
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