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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

MaTtemaTuyHe MOZEeJII0BaHHS TYpOyJIEHTHUX HEPIBHOBXKHUX XiMIYHO pearylouux Tevill razoBux Ta IBO(azHUX

CyMillleil B CTPYMEHSX Ta B 33[la4yax BHYTPIlIHLOI ra30Boi AUHaMIKN

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Mathematical modelling of turbulent nonequilibrium chemically reactive flows of gas and two-phase mixtures in
jets and in internal gas dynamics problems

Pedepar yKpaiHCBKOIO:

O6'eKT mociiyKeHHs: TypOyJIeHTHI HepiBHOBa)KHI XiMiuHO-pearyioui Teuii ra3oBux i gBogasHux cymimieil B 3aiayax
BHYTPIIIHBO] ra30Boi AMHAMIKHU i CTpyMeHsIX. MeTa OCIiI)KeHHs: pO3p0o6Ka MaTeMaTUYHUX MOJeJIeil Ha OCHOBI
NIOBHUX i cripoleHux piBHsAHb Hap'e-CToOKca i MporpaMHO-MaTeMaTUYHOTO 3a06€3M1eY€eHHS 17151 YUCEJIbHOTO
MOJeJIIOBaHHS TypOyJIEHTHUX HEPIBHOBRXXHUX XiMiYHO-pearyloymnx Tedill ra3oBux i ABOPa3HUX CyMilleil B 3aiaqax
BHYTPILIHBOI ra30B0i AMHAMIKY i CTpPyMEHSX. MeToz, NOCIiIKEHHS: pOo3paxyHKOBU. OTPUMaHi pe3yJbTaTu:
c(pOopMyIbOBAHO MaTeMAaTUYHi MOJIEJli, PO3PO0JIEHO aJITOPUTMIiUHE Ta IPOrPaMHe 3a0€3I1eUEHHS 1711 PO3PaxyHKY
HEPiBHOBOXHUX TeYill Ta30BUX i ABO(a3HUX (ra304MCIEPCHUX) CyMilllell B KaHa/lax, CTPYMEHSIX i peakuiiHuX
00'eMax 3 ypaxyBaHHSM TypOyJIEHTHOT'O 3MilllyBaHHSI i TOPiHHS, 10 [103BOJISIE€ IPOBOAUTY YUCEJIbHI NOCIIiI>KEHHS
IIMPOKOTO KJjacy Tediil. Po3pobiieHo nporpamue 3adesnedenHs "Flow-Chemistry" nis po3paxyHKy ABOBUMIpHUX
TypOYJI€EHTHUX HEPIBHOBAKHUX XiMiYHO-Pearyldux Tedill ra30BuX i ABO(A3HUX CyMillleil METOLOM BCTAaHOBJIEHHS 3
BUKOPUCTAHHSIM IMOBHUX PiBHAHBb Hap'e-Ctokca. CTBOpEeHO pPo60Yi TPOrpaMu /1JIsl YUCEJIbHOTO MOJIETIOBAaHHS TeYiil
ra3olMCIIEPCHUX CyMilllell IpyU HasiBHOCTI Mixk¢asHoi (piznko-ximiuHoi B3aemogii. [y JoCiIKeHHs CTallioHapHUX
I BOBUMIPDHUMX ra30BUX 1 ra304VCIIEPCHUX TEYill B CTPYMEHSX i IPOTSKHMX KaHajlax i3 3MiHHOIO FeOMETPI€elo
BUKOPUCTaHi MapLIOBi METOAM, 110 6a3yI0ThCs Ha PalliOHATIbHUX AJITOPUTMAX ONEPATUBHOTO BUPILIEHHS
napabosizoBaHHUX piBHsAHb HaB'e-CToKca. HucesnbHe MOJeJII0BaHHS Tevill 3 06J1acTsIMU BiipUBY IIOTOKY, i3
3BOPOTHO-LMPKYJISILIHUMY 30HaMHU, Te4ill y KaHasax 3MiHHOi (pOpMHU 3 ypaxyBaHHSIM IPOTUTUCKY, B KaHaJIaX i
peaKLiHuX 06'eMax 3 yCTyIIaMU Ha CTiHKAX i BHYTPILIHIMY 3aXapalleHHsIMU Y BUTJISIA] CXOOVMHOK BUKOHAHO
METOJIOM BCTAHOBJIEHHS 32 YaCOM IIpU BUPIlIE€HHI NOBHUX HECTalliOHAPHUX JBOBUMIpHUX piBHsAHb Hag'e CToKCa.
Bepudixkariito po3po6s1eHoro NporpaMHoOro 3abe3rneyeHHs! BAKOHAHO 3 BUKOPUCTAHHSIM HasiBHUX Y JliTepaTypi
€KCIIEPMMEHTAJIBHUX i PO3PaXyHKOBUX JAHUX 7151 TYPOYJIEHTHUX HEPiBHOBAKHUX T€Yiil ra30BUX CyMilllel B KaHA/Iax
i cTpyMeHsx. BUKopucTaHHS pallioOHa/JIbHUX aITOPUTMIB PO3PaxyHKY, BUOIP aJJleKBaTHUX MOJeJiell TypOyIeHTHOCTI i
KiHETUYHOI MOJIEJIi TOPiHHS BYIJIEBOJLHEBOTO [1aJIMBA JO3BOJINJIM BU3HAYUTH OCHOBHI TEPMOTra30IMHAMIYHUX
napaMeTpu XiMiYHO-HepiBHOBXXHOI Tedii IpU NPUITyCTUMUX [J1s1 IPAKTUYHUX TOTPEO BUTPATaX OOUMCIIIOBAJIBHAX
pecypciB. BusiBieHO XxapakTepHi 0COGJIMBOCTI TypOyIeHTHOI HEPIBHOBA)KHOI Teuil B KaHaJli, 0 103BOJISIOTh
iHTeHCU(IiKyBaTU [IpOLeC 3rOPSIHHS NaIMBa LUISIXOM BUOOPY pallioHAJIbHUX [T0YAaTKOBUX [TapaMeTpiB [1J1s1 BUIIAIKiB
II03BYKOBUX 1 HAI3BYKOBMX T€Uill. [I0Ka3aHO BIJIMB 3TOPSHHS IIPOAYKTIB CIIATIIOBAHHS HA TEPMOra3oHaMidHi
rapameTpy Hal3ByKOBOT'O CTPYMEHS PAKETHOI ABUT'YHHOI YCTAHOBKU B PAMKax PiBHOBAXKHOI i HEPiBHOBa)KHOI
Mogeell ropiHHS. BUsiBIeHO 0COGJIMBOCTI BIUIMBY NapaMeTPiB BBEAEHHS MJIOBUAHOTO BYTLIIIS B MOTIK
BHCOKOTEMIIEPATyPHOTO MOBITPsI HA 0COOJIMBOCTI rOpiHHS. BUKOHAHO po3paxyHKOBE OOIPYHTYBaHHS €(DEKTUBHOCTI
KPaIJIMHHOTO BBEJIEHHS BOJIM HA 3HMKEHHSI TEMIIEPaTypy Hei300apUYHOr0O HaI3ByKOBOTO CTPYMEHSI [IPOAYKTIB
3TOPSIHHS PAKETHOTO ABUTYHA 3 YPAaxXyBaHHSIM JJOTOPAaHHS BOJHIO. Pe3ysIbTaTi IPOBEAEHUX AOCTIIKEHD NO3BOJISIOTh
copmymoBaTU peKoMeHIallil 1010 BU6opy palioHaJIbHUX TapaMeTPiB HEPiBHOBaKHUX CTPYMEHEBHUX
TYpOYJIEHTHUX T€Yiii 3 METOIO MiIBUIIEHHS €(PEKTMBHOCTI CIIaJI0OBAHHS BYTJIEBOJAHEBUX I1AJIMB i 3MEHIIECHHS
LIKiAIMBUX BUKUZIB. ['ay3b 3aCTOCYBaHHS: aBiallilHa Ta PAKETHO-KOCMi4HA TE€XHiKa, EHEPreTUKa,

IBUTYHOOYZyBaHHSI, XiMiuHa Ta MeTaIypriliHa IPOMUCIIOBICTb.

Pedepart aHIJ1ilCHKOIO:



The research subjects: turbulent non-equilibrium chemically reacting flows of gas and two-phase mixtures for
problems of internal gas dynamics and jets. The research objective: to develop mathematical models using full and
simplified Navier-Stokes equations and software and methodical support for numerical simulating turbulent non-
equilibrium chemically reacting flows of gas and two-phase mixtures for problems of internal gas dynamics and
jets. The method used: calculations. The results obtained: mathematical models are formulated, algorithm support
and software for calculating non-equilibrium flows of gas and two-phase mixtures through channels, jets and
response volumes with provision for turbulent mixing and combustion are developed resulting in numerical
studies of a wide range of flows. The Flow-Chemistry software is developed to calculate 2D unsteady turbulent
chemically reacting flows of gas and two-phase mixtures using full Navier-Stokes equations. Operational programs
for numerical simulating flows of gas-dispersive mixtures with provision for interphase physical and chemical
interactions are created using parabolic Navier-Stokes equations with algorithms of operative calculations. Steady
2D gas and gas-dispersive flows in jets and through extended variable-geometry channels are studied. Special
features of a turbulent chemically non-equilibrium flow through channel are revealed resulting in intensifying the
process of combustion by selecting rational initial parameters in cases of subsonic and supersonic flows. The
effects of after-combustion on thermogasdynamic parameters of a supersonic jet of a rocket propulsion system in
the context of equilibrium and non-equilibrium models of combustion are demonstrated. Calculated validation of
the effectiveness of dropped water injection in lowering the temperature of a non-isobaric supersonic jet of
combustion products of a rocket engine with provision for hydrogen after-combustion is made. Special features of
the effects of parameters for injection of pulverized coal into the high-temperature air stream on special features
of combustion are found. The results obtained give recommendations for selecting rational parameters of non-
equilibrium jet turbulent flows to improve the efficiency of combustion of hydrocarbon fuel and pulverized coal
and minimization of deleterious effects. Applications: aircraft and rocket-space technology, power engineering,
engine manufacturing, chemical and metallurgical industries.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII ykpaiHCBKOIO: HaykoBO-MeTO/MYHE 3a6€3€YEHHS /15l KOMITIOTEPHOTO MOZIEIIOBAHHS XiMI4HO-
pearyodux TypOyJI€HTHUX Ta30BUX Ta ra30iClIepCHUX Tedill. OCHOBHI 3aKOHOMIPHOCTI Ta peKOMEH ALl o010
panioHasbHOI oprasisanii TypOyJIeHTHUX Tedill B KaHaJaX i CTPYMEHSX IIPYU HasIBHOCTi TOMO- i T€TepOreHHOT0

ropiHHg i pa30BUX nepexomiB.

HasBa HTII aHr1ificbKO¥0: Scientific and methodological support for the computer simulation of chemically
reacting turbulent gas and gas-dispersion flow. Main regularities and recommendations on the rational
organization of turbulent flows in channels and jets in the presence of homo- and heterogeneous combustion, and
phase transitions.
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IBOQa3HMX CyMilllell B KaHalaX Ta CTPYMEHSIX 3 BUKOPUCTAHHSIM IIOBHUX Ta 11apaboJ1i30BaHHUX PiBHSIHb HaB'e-
Crokca, nudepeHLiiHuX Mojieiel TypOYyJI€HTHOCTI, CIIPOIIEHUX AETAIbHUX Ta I7100abHUX KIHETUYHUX MOJIeJIen
TOpiHHS BYIJIEBOJHEBOrO NanuBa. Pe3ybTaT JOCTiIKEHb, IKi BifoOPaXyIOTh XapaKT€PHi 3aKOHOMiIPHOCTI
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