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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

Po3po6ka HOBOrO MOKOJIIHHS BUCOKOE(EKTUBHMX METO[IB PO3PaxyHKy TiIpOJMHAMIYHMX Ta TEMJIOMACOOOMIHHMX IIPOLECIB Y

€MKOCTSIX PaKETHO-KOCMIYHOI TEXHIKU

Ha3sBa po6oTH (aHrJ1)

Development of new generation of high effective calculation methods for hydrodynamic and heat and mass transfer processes in
tanks of space-missile systems

Pedepar (ykp)

O6’eKTOM [OCIiIKeHHS OyJM TiIpoAMHAMIUHI Ta TEMIOMACOOOMIHHI MpolecHu y NaJIUBHUX 6aKax pPakeTHO-KOCMIYHOI TexHiKu
(30KpeMa, 3 KPUOT€HHUM I[IaJIMBOM) 3 BiJIbHOIO MEKEI0, TOJIOBHMM 4YMHOM, B YMOBax MiKporpasiTalii mij 4yac op6iTaibHOro
MONBbOTY IPU HASIBHOCTI Pi3BHOMaHITHUX MEXaHiYHMX BIUIMBIB Ta 3 ypaxXyBaHHSM BCbOTO CHEKTPy TepmoedekTiB. MeToio
JIIOCTIIKEHHST OYJI0 CTBOPEHHSI CIPOIIEHMX ACHMIITOTMYHUX MaTeMaTMYHUX Mojesell pO3rysAyBaHUX SBUI, Ha OCHOBI ix
MPUCKIIVIMBOTO KPUTEPialbHOTO aHasli3y Ta po3pobka Ha OCHOBI LIMX CHPOILIEHUX Mofesell epeKTUBHUX METOLIB iX pO3paxyHKY
3a JOMOMOTOI0 Teopii NOoTeHIiany Ta METOAYy IPAaHUYHUX €JIEMEHTIB. Y pe3ysbTaTi BUKOHaHHsI HIIP 6ys10 CTBOPEHO HMU3KY HOBUX
MaTeMaTUYHUX MOZeJsell i HOBUX MEeTOJIiB peasisalii I[MX MOZesell CTOCOBHO TiipOJAMHAaMIYHUX SIBULL, Ta SIBUIL TEMJIOOOMIHY IS
Pi3HOMAaHITHMX 00’€KTiB PAKETHO-KOCMIYHOI TEXHIKU. A came: ~TeNN000MiHy MK 6aKOM 3 KPUOT€HHUM NaJIMBOM Ta HAaBKOJIUUIHIM
CepeNoBULIEM 3 ypaxXyBaHHSIM KOHJEHcallii Ta 3aMep3aHHs BOJIOTY Ha 30BHIIHIY OBepXHi 6aKka; 30KpeMa 3allpOIIOHOBAaHO HOBUI
crioci6 3anobiraHHs o6yeeHiHHIO 6aKiB 3 KpMOT€HHUM MaJIUuBOM; — OyJIbOAIIKOBOrO KUIIIHHS KPUOT€HHOI PiAMHY Ha BHYTPIilIHIN
noBepxHi 6aka i KoHBeKIii BcepenuHi 6aka; — pyxy najausa y 6akax 3 BiJIPHOIO MEXEIO Mifl Ji€l0 AOBIIbHUX MEXaHIiYHUX BIUIMBIB
pajy BU3HAYEHHS MICIENOJIOKEHHS BiZbHOI IIOBEPXHi B INpoOCTOpi 6aka Ta BIUIMBY PyXy piAMHM Ha OOOJIOHKY 6aka; -
nepeopieHTalji nasyuBa Ha NEPeXiIHUX eTarnax PoOOTH PAaKETHOTO ABUTYHA; — TEIJIOMAacCOOOMIHYy y MajaMBHOMY 6alli B ymMOBax
MiKporpasiTanii Ipy op6iTaIbHOMY IIOJIbOTI 3 ypaxyBaHHSIM pi3HOMaHITHUX TepMoedeKTiB Ta sBul (JoTawii Ta ceguMeHTarii
00’exTiB gucnepcHoi ¢asu y BUIISIALI ra3oBux Oysbpbamok Tomo. Cdepa (ramysb) BUKOPUCTAHHS: KOHCTPYKTOPCBKiI 6I0po 3
IIPOEKTYBaHHS PaKeTHO-KOCMIYHOI TeXHIKU (30Kpema, [lep>kaBHe nifnpreMmcTBo «KoHcTpykTopchke 61opo «IliBgeHHe» imeHi M.K.

SHresns») Ta BH3, 3aiiHATI MiATOTOBKOIO CrieljaicTiB B 0671aCTi paKeTHOI TEXHIKM Ta KOCMOHABTHKHU.
Pedepar (aHra)

The object of the study was the hydrodynamic and heat transfer processes in the fuel tanks of rocket and space technology (in
particular, with cryogenic fuel) with a free limit, mainly in microgravity during orbital flight in the presence of various
mechanical influences and taking into account the entire spectrum. The purpose of the study was to create simplified
asymptotic mathematical models of the phenomena considered on the basis of their meticulous criterion analysis and to develop
on the basis of these simplified models effective methods of their calculation using the theory of potential and the boundary
element method. As a result of the research, a number of new mathematical models and new methods of implementation of
these models have been created regarding hydrodynamic and heat transfer phenomena for various rocket and space technology
objects. Namely: - heat exchange between the tank with cryogenic fuel and the environment, taking into account condensation
and freezing of moisture on the outer surface of the tank; in particular, a new way of preventing cryogenic fuel tanks from
icing; - bubble boiling of cryogenic liquid on the inner surface of the tank and convection inside the tank; - the movement of fuel
in the tanks with a free boundary under the influence of arbitrary mechanical influences for the sake of determining the location
of the free surface in the tank space and the influence of the fluid motion on the tank shell; - fuel reorientation in the
transitional stages of the rocket engine; - heat transfer in a fuel tank under microgravity during orbital flight, taking into account
various thermal effects and flotation phenomena and sedimentation of dispersed phase objects in the form of gas bubbles, etc.
Scope of use: design offices for design of rocket and space technology (in particular, State Enterprise “Yuzhnye Design Bureau”
named after M.K. Yangel) and universities engaged in training specialists in the field of rocket technology and space.

Imgexc YIK: 532.5, 532.5, 532.6, 519.6, 629.78, 629.764, 629.7.063.6, 629.7.036



Kopgu Temarnynux pyopuk HTI: 30.17.15
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

HaszBa npoaykuii (ykp): HoBi MaTemaTiuHi Mofiesli pyXy piiHU Ta TEIJIOMAacOOOMiHHUX ITPOLECIB Y aUBHUX 6aKax paKeTHO-

KOCMIYHOi TeXHiKM B yMOBax MikporpasiTaliii Ta 4ucesbHi 3ac06H iX peasizallii Ha OCHOBI METO/ly TPAHUYHUX €JIEMEHTIB

HaszBa npoaykuii (anri): New mathematical models of fluid motion and heat and mass transfer processes in fuel tanks of rocket
and space technics in microgravity and numerical tools of their realization based on the boundary element method

OuikyBaHi pe3ysbTaTH: BUpOOU TexHiYHi
T'anyss 3acrocyBaHHs: 72.19 JJocifKeHHS I eKCIIepUMEHTaIbHI po3p0o6KU y cdepi iHINX NPUPOJHNYUX i TEXHIYHUX HayK

Onuc npoaykuii (ykp): V xozi BukoHanust HIIP po3po6s1eHo HOBi MaTeMaTUYHi MOJIeJIi: —a) TeIJI0000MiHY Mix GaKoM 3
KpiOr€HHMM IaJINBOM Ta HaBKOJILIHIM CEPEeLOBUILEM 3 YpaxyBaHHAM IIPOLIECIB KOHIeH callii Ta 3aMep3aHHs BOJIOTU Ha
30BHillIHI/ TOBEPXHI 6aKa, 3aBAsSKU YOMY 3alIpOIIOHOBAHO METOJ, 3al100iraHHs 061eIMHIHHIO0aKiB 3 KpiOTeHHUM MaJuBOM; —0)
6yJs1bOAIIKOBOTrO KUITiHHS KPiOT€HHOI piinHM Ha BHYTPIilIHIN OBepXHi 6aKa; —B) pyxy NajuBa y 6akax (BKJIIOYAIOUH i KpiOreHHi
pinyHYM) 3 HASIBHICTIO BiZIbHOI MEXi 3 ypaXyBaHHSIM JIOBLIBHUX MEXaHIYHUX BILJIMBIB; —T) TEIJIOMACOOOMIiHY B NaJIMBHUX OaKax B
yMOBax MiKporpasirtauji niz; 4yac op6iTajbHOrO M0JILOTY 3 ypaxyBaHHSAM IIPOMEHEBOTO TEIJI000MiHy 3 HABKOJIMIIHIM KOCMIYHUM
CepeNoBULIEM Ta Pi3BHOMaHITHUX TepMOedEKTIB; —1) MOZesIb B3aeMOZii pyxy nanuea y 6akax JOBisibHOI KOHPirypatiii 3
eJleMeHTaMU 3a0€e3Te4eHHs CYLiILHOCTI Ma/iBa, 30KPEMa, 3 CITYaCTUMU PO3MilbHMKaMU (a3, FaCHUKaMU KOJIMBaHb Ta iHIMMU
BHYTPILIHIMU CTPYKTYPHUMH eJleMeHTaMu 6akiB. [1o Bcix po3po6yieHrnX HOBUX MaTEMaTUUYHUX MOJIEJISIX [I€PEPAXOBAHUX SIBUIIL
PO3pO6JIEHO YKCEsbHI METOOUKY PO3PaxXyHKY, KOTPi peasizoBaHi B IEBHOMY IIpOrpaMHOMY 3abe3rnedeHHi. Bei uncesbHi MeTOuKY
PO3PaxyHKy CTBOPEHO Ha 6a3i po3pobieHoro criBpobiTHukamu Kadeapu AI'M ta EMIT MmeTomy rpaHUYHUX iHTErpaIbHUX
€JIEMEHTIB.

ComiasbHO-eKOHOMIYHa cupsimoBaHicTs HTII: EkoHOMIsI eHepropecypciB, YI0CKOHa/IEHHS NIPOLieCy IPOEKTyBaHHS PaKeTHO-

KOCMIUHO{ TEXHiKM, 30Kpema MaJuBHUX 0aKiB, 3SMEHIIEHHS YaCOBUX BUTPAT Ha MIPOLIEC ITPOEKTyBaHHS

Cragis 3aBepmenocti HTII: 3sit o HIJIKP

Buposagskenns HTII: BnposagkeHo

CTpOKH BIIPOBa/I’)KEHHS:

Bupo6Huk npoaykuii: THY

Cnos>kuBayi npoaykuii: KOHCTpyKTOPCHKi 610pO PaKEeTHO-KOCMIiYHOI TexHiKM Ta BH3 pakeTHO-KOCMIYHOTO CIIpSIMyBaHHS

IlepcnexruBHi puaku: Kpainu €C, Criosnyyeni llltatn Amepukwy, Inzis, Kura#, IHmi kpainy, 1os’s3aHi 3 pakeTHO-KOCMiYHOIO

TiSbHICTIO
IpaBa iHTeJIEKTYa/IbHOI BJIACHOCTI: 32 J0OTOBOpamMU

®opmu Ta ymoBH nepepaui npogykuii: CriinibHi HIJTKP
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