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1. HaykoBi 0CHOBU NE€PCHEKTUBHUX POOOYMX IIPOLECIB IBUTYHIB 3 iCKPOBUM 3aMajIlOBAHHSIM IIPY BHYTPIIIHBOMY
CyMIilIOYTBOPEHHI

2. The scientific fundamentals of promising working processes of spark ignition engines with internal mixture
formation

Pedepar:

1. lncepraliio NpUCBSYEHO BUPIIIEHHIO aKTyalbHOI HAYKOBO-TEXHIYHOI IPO6JIEMU CTBOPEHHS IEPCIEKTUBHUX
po60YNX [IPOLECiB ABUTYHIB BHYTPIIIHbOTO 3ropsiHHS ([JB3) 3 ickpoBUM 3aMajiloBaHHSM IIPY BHYTPIIIHBOMY
CyMilIOYTBOPEHHI 3 3a6€3Me4eHHSIM PO3MNUPEHHS IpaHulli e(PeKTUBHOrO 30iHEHHS 1AJINBOIIOBITPSIHOTO 3apsiLy
LIJISIXOM OpraHisallii B3aeM03B’s13Ky MiX ITpoliecamMy ra3000MiHy, CyMillIOyTBOPEHHS 1 3TOPSIHHSL, SIKi CTBOPIOIOTh
YMOBH [1J151 IIiABUILIEHHS] EKOHOMIYHHUX Ta €KOJIOTTYHMX IOKa3HUKIB. O6'€KT LOCHIIKEeHb — IIPOLIeCH Ta3000MiHy,
CYMILLIOYTBOPEHHSI 1 3rOPSIHHSA Y ABUTYHI 3 iICKPOBUM 3aMajiloBaHHSIM. [IpeiMeT NociiKeHb — I0Ka3HUKU POOOYOro
[IpoLIECY ABUTYHA 3 iCKDOBUM 3alla/IOBaHHSIM Ta PO3LIapyBaHHSM [aJIMBONOBITPSIHOIO 3apsay Npu 3MiHi
KOHCTPYKTUBHUX i PEryaioBaJbHUX napaMmeTpisB IB3 Ta BUKOPUCTaHHI Pi3HMX BUJIB [TalMBa. B OCHOBY TEOPETUYHUX
Ta €KCIIePUMEHTAJIbHUX JOCJiIKeHb NOKIaieHi pyHIaMeHTaIbHi I0J10KeHHs Teopii [IB3, ocHOBHI 3aKkoHN
T€PMOJMHAMIKU /1 ra30iHaMiKi 3 BUKOPUCTAHHSIM METO/IiB MAaTEMAaTUYHOTIO Ta (Pi3MYHOrO MOZEJIIOBAHHS, METO/iB
rapameTpUyHoOi ineHTudikallii MaTeMaTUYHUX MOJesel. 3 METOI0 AOCiIP)KeHHS TiliCHUX ITPOLECiB, 1110
BiIOyBalOThCS B pOOOUMX IOPOKHMHAX JABOTAaKTHOro JIB3 Ta nanuBHil CUCTEMI, BAKOPUCTAHO €KCIIEPUMEHTAIBbHO-
CTAaTUCTUYHUI MeTOoH, 00pOOKU CUTHAJIiB BUMipIOBAJILHOI anlapaTypyu Ha OCHOBI MeTOly HallMEeHIIMX KBagpaTis. [s
TEOPETUYHUX AOCIiIPKEHb po60o4oro npouecy J1B3 BUKOPUCTaHO TEPMOIUHAMIYHUI METOJ, PO3PaxyHKy Ha IifCTaBi
piBHSIHHS 30€peKeHHS €HEPTii, Macy, piBHSIHHS CTaHy i 3MiHM 06’eMy B pOOOUYMX ITOPOSKHMHAX JIBUTYHA;
TepMOJMHAMIYHUI MeTOM, 06'eMHOro 6aaHCy; ra30AMHAMIYHNY METO]] pO3PaxyHKy TPUBHUMIipHOI Teuil po6oyoro
Tizla B pobouyux nopoxkHuHax /IB3. CBo€lo yeproo ra3oiuHaMiYHUN METO/, MOJIEIOETHCS 3a JOTIOMOroio 3-D
razogyHamivyHoi Mogerli B mporpaMHomy nakeTi AVL Fire, 110 I'pyHTyeTbCs Ha METOZA1 KiHLIEBUX €JIEMEHTIB, 3-D
MOJeJli ra30BOI JMHAMIKM, 3aCHOBAHOI Ha METOIi KiHIIEBUX YaCTOK i BUKOPUCTaHHI meTony Eisnepa npu
iHTerpyBaHHi nudepeHLiaTbHUX PiBHSIHb Ta CTBOPEHOI Ha MOBI IIporpamyBaHHs C++, 3-D Mopesi nporpamHoro
Komriekcy MTES, sika 103BoJIsI€ BOCiIpKyBaT TPMBUMIPHI ra30MHaMiYHi IPOLLECH LJISIXOM PO3B'SI3aHHS PiBHSIHD
Hap'e-CToKca Ipu CTBOPEHHI TBEPAOTLIBHOI MOieJli KOHCTPYKIi ABUrYyHIB y mporpamHoMy Kominekci SolidWorks
ta nobyznosi B MTFS rekcaenpasnbHOi ciTyacToi Mozesi 3 opraHisali€eo 3ryiieHHs 106113y TBepIuX IPaHULb
po3paxyHKoBoi o6s1acTi. HaykoBa HOBM3HA OTPMMaHUX PE3YJIbTATIB [10JISITA€ Y MOAAJIBIIOMY PO3BUTKY
(pyHIaMeHTaNIbHUX NTOJI0KEHB Teopii [IB3 mono inauKaTopHuX Ta €PEKTUBHUX ITOKa3HUKIB [IB3, y aKux
YPaxOBYETbCS BTPaTa YaCTKM IAJIMBA IIiJ] 4ac MPOAYyBaHHs LWJIiHAPA, 3alIPOIIOHOBAHOTO KPUTEPIl0 pO3LIapyBaHHS
[IaJIMBOIIOBITPSIHOTO 3apsily, SIKUI1 03BOJIsSlE BU3HAYATH I'PaHULI0 ePEeKTUBHOTO 30iiHeHHs 3apsay B uuiinapi 1B3 3
iCKpOBMM 3analoBaHHSM, Ta CTYIIEHS pO3LIapyBaHHs [IaJIMBOIOBITPSHOTO 3apsay, SIKAI JO3BOJISIE OLLIHUTU
IOCKOHAJIICTh OpraHisanii po6040ro rnpouecy 3 po3LUapyBaHHSIM MaJMBOIOBITPSHOTO 3apsiay, Ta KOMILIEKCHIN
METOJI0JI0Tii CTBOPEHHS IIePCIIEKTUBHUX pobouux rpoueciB JIB3 3 ickpoBUM 3alaloBaHHSIM i BHYTPILIHIM
CyMilIOyTBOPEHHSIM, sIKa [PYHTYETHCSI HA PO3PaxyHKy pob04oro npolecy 3a A0INOMOr00 OJJHO30HHOI
TEPMOJVMHAMIYHOI MOZE, y SKill ypaxoBaHi Temno(pisndHi IPoLeCH BHYTPILIHbOTO CyMilllOyTBOPEHHS], BO30HHO]
TEPMOJMHAMIYHOI MOZE, 1Ka HaZla€ MOXJIMBICTb OZHOYACHO BU3HAYATH ITapaMeTpy PO6GOYOro Tijla Mpu
opraxizallii OJHOPiIHOTO CKJIaZly 1aJIMBOIIOBITPSIHOI CyMillli B HaZIIOPLUIHEBOMY 00'€Mi B 30HaX IIPOAYKTIB 3rOPsIHHS
Ta [aJMBOIOBITPSIHOI CyMillli HA peKMMax MiABUIIEHNX HABAHTKEHb ABUTYHA, TPU30HHOI TEPMOIMHAMIYHOI
MOJeJIi, SIKa HaJlae MOXUJIMBICTb BOAHOYAC BU3HAYATH IIapaMeTpy POOOYOro Tijla B 30HAaX MPOAYKTIB 3TOPSIHHA,
MaJINBOIIOBITPSIHOI CyMillli 1 OBITPS HA PEKMMaX YaCTKOBUX HABAHTKEHb IBUTYHA; Y IIOJAJILIIOMY PO3BUTKY
cybMozei 1J1s1 po3paxyHKy pobouoro npouecy JIB3 3 ickpoBuM 3ar1anoBaHHSIM i BHYTPIlIHIM CYMIIIOYTBOPEHHSM i3
3aCTOCYBaHHSIM YTOYHEHOI MaTeMaTUYHOI MOZEJIi IPOLIECiB AUHAMIKM Ta Maco-i TEMJIO0O0MiHY B IaITUBHOMY
CcTpyMeHi 3 nepudepiilHNM PO3IIOAiNEeHHSIM YaCTOK I1aJIiBa, YTOYHEHOI POPMYJIH TeIJIOBinaadi BomHi Ay ninsgHKu
3TOPSHHS-PO3IMPEHHS MiXK ra30M i CTIHKaMU HAAIIOPUIHEBOI TOPO>KHUHU JBOTAKTHOTO IBUTYHA 3 iCKPOBUM

3allajIiloBaHHAM, KPpUBOUIIUITHO-KaMEPHHUM IIPOJYBAHHAM u HOBiTpHHI/IM OXOJIOIPKEHHSM ITIpU opraHisaui'i



PO3LIAPOBAHOrO 30iJHEHOTO NIAJIMBOIOBITPSHOrO 3apsay. Pe3ysbTaTti AucepTaniiiHoi po60TU BUKOPUCTOBYIOTHCSI HA
BUPOOHMNYMX MinnpruemcTBax YKpainy, 3okpema AIIM3 «Tigpomani», AT «MoTop Ciu» Ta iHIIKX, a TAKOXK y
HaBYyaJIbHOMY Ipoleci HaByasbHO-HAyKOBOTO iHCTUTYTY MEPENirOTOBKY Ta MifBUINeHHs KBasidikalii Kagpis
YxpZY3T Ta n14 nigroTOBKU CTYAEHTIB 3i crienianbHOCTI 142 «EHepreTryHe MamMHOOyAyBaHHsI» y XHATIY.
PesysbTaTu gucepTauii MOXyTb 6YTH BUKOPUCTaHI AJ1s1 pO3POOKM HOBUX Ta MOJI€pHi3allii iCHyIounx KOHCTPYKLii
IBUTYHIB 3 iICKPOBMM 3alajl0BaHHSIM, SIKi 32CTOCOBYIOThCS B MaJiill aBiallii, Ha YOBHAX, MOTOLMKJIAX, aBTOMOOIJISX Ta
iHIIif nepecyBHiN TexHilli B IKOCTi MEXaHIYHOTrO IPUBOAY Ta IPUBOAY €JIEKTPUYHOIO reHepaTropa B riopuaHux

yCTaHOBKaX.

2. The dissertation is devoted to solving the actual scientific and technical problem of the creation of promising
working processes of spark ignition engines with internal mixture formation with the provision of limit expanding
of effective fuel and air charge depletion through organizing of efficient interrelation between gas exchange
processes, mixture formation and combustion what create conditions to increase economic and environmental
indicators. The object of the study is the processes of gaseous exchange, mixture formation and combustion in a
spark ignition engine. The subject of this research is the working process indicators of the engine with spark
ignition and stratification of fuel-air charge when the design and adjustment parameters of the internal
combustion engine (ICE) change and the different types of fuel use. The basic theoretical and experimental
researches are based on the fundamental provisions of the ICE theory, the basic thermodynamics and gas
dynamics laws with the use of mathematical and physical modeling methods, and the methods of parametric
identification of mathematical models. To investigate the actual processes occurring in the working cavities of
two-stroke ICE and the fuel system, an experimental-statistical method for processing signals of the measuring
equipment on the basis of the least squares method (LS method) is used. For theoretical researches it is used the
thermodynamic method of calculation based on the energy conservation equation, mass, state equation and
volume variation in engine working cavities; thermodynamic method of volume balance; gas-dynamic method for
calculating the three-dimensional current of the working fluid in the working cavities of the ICE. Gas-dynamic
method is modeled using 3-D gas-dynamic model in the AVL Fire software package based on the finite element
method; 3-D model of gas dynamics based on the finite-element method and using the Euler method for
integration of differential equations and created in the programming language C ++; 3-D model of the software
system MTFS that allows us to investigate three-dimensional gas-dynamic processes by solving the Navier-Stokes
equations when creating a solid-state engine design model in the SolidWorks software complex and constructing a
hexahedral mesh model in MTFS near the hard boundary of the calculated the area. The scientific novelty of the
obtained results is the further development of the fundamental provisions of the ICE theory according to the
indicative and effective indicators of ICE which takes into account the loss of fuel share during cylinder bleeding,
the proposed criterion of stratification of fuel-air charge that allow to determine the boundary of effective
depletion of a charge in a cylinder of ICE with spark ignition; and the degree of stratification of the fuel-air charge,
which allows to assess the perfection of the workflow process organization with the bundle of fuel and air charge,
and the comprehensive methodology for creating promising working processes of ICE with spark ignition and
internal mixture formation is proposed, which is based on calculation of the working process with the help of a
one-zone thermodynamic model, where it takes into account the thermal physical processes of internal mixture
formation, two-zone thermodynamic model what allows simultaneously to determine the parameters of the
working body with the organization of a homogeneous composition of fuel and air mixture in the superconducting
volume in the zone of combustion products and in the zone of fuel and air mixture, taking into account the real
thermophysical properties in the modes of increased loads engine; three-zone thermodynamic model, which
allows simultaneously to determine the parameters of the working body in the zones of combustion products,
fuel-air mixture and air in modes of partial loads of the engine; the further development of a submodel for the
calculation of the working process of ICE with spark ignition and internal mixing with the use of the refined
mathematical model of the processes of dynamics and mass and heat exchange in the fuel jet allows to account for
the peripheral distribution of fuel particles; the refined Woschni formulas of the heat dissipation for the
combustion-expansion site between the gas and the walls of the superconducting cavity of a two-stroke engine



with spark ignition, crank-chamber blowing and air cooling when organizing of the layered depleted fuel-air
charge. The results of this dissertation work are used at the Ukrainian manufacturing enterprises, in particular, the
Hydromash PEMP, Motor Sich JSC and others, as well as in the educational process of the UrkSURT and KhNAHU.
The results of the dissertation can be used to develop new spark ignition engines and to modernize designs of
exciting ones, which are used in mobile equipment as a mechanical drive and a drive of electric generators in
hybrid plants.
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