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3arpolIOHOBAaHO HOBE TEXHIYHE pIIEHHS, sKe 3a0e3leuye MOKpPAIeHHs Ta CHpPOILEHHS
MPOIIECY CYMINIOYTBOPEHHS 32 PaXyHOK BUKOPHCTaHHS e(eKTy BUOYXOBOTO CKUIIAHHS TaJlMBa
(«flashboiling») mpu #oro momaui y meperpiToMy craHi. BHUTOTOBIEHO eKCHEepUMEHTATbHHIMA
3pa3oK pO3pOOJIEHOT CHCTEMH >KHMBICHHS JBUTYHA 3pIDKEHHM Ta30M B PiAKOMY CTaHi, fKa
JI03BOJIsIE TOJIMIIMTH €HEePreTUYH1 Ta €KOJIOTIYHI MOKa3HUKHU JBUTYHA, 3MEHLIMTU CII0KUBAaHHS
JIOPOTOTO TPAJAMINIMHOTO TMAMBa 1 3aJIYYUTH JO MATUBHOTO (POHIY JCMIEBI €KOJIOTiYHO YHUCTI
ra3oBi MaJIuBa.

BukoHaHO excriepuMeHTaIbHE TOCIIKEHHS POLIECyY BIIOPCKYBAHHS 3piHKEHOTO Ta3y (Ha
OJIHIN (OpCyHIll), BU3HAUYEHO OCHOBHI €KCIUTyaTalliifHi 0COOJMBOCTI Ta BUMOTHU ILOAO POOOTH
Takux cucrteM. IIpolec BHIIApOBYBaHHS PIJKOTO TMAJWBa CYIPOBOUKYETHCS 3HMKEHHSIM
TEMIEpaTypu Cywilli (€KCIepUMEHTalIbHI JaHi HaBelEHI B 3BiTi), IO AJIS PEalbHOTO JABUTYHA
CYTTEBO TMOKpally€ HANOBHEHHS IWIiHApIB. Bkaszani ¢akTopym NHpU3BOAATH 10 TOrO, IO
pO3NMiIeHa Maca MeperpiToi piAMHU HIBHJIIE BUIIAPOBYETHCS Ta Kpalle 3ropae, 10 MOKJIMBO
BUKOPHUCTATU SIK JUIS JIBUTYHIB 3 IMIJrOTOBKOIO MaJIMBHOI CyMIIIl 10 KaMepU 3rOpaHHs, TaK 1 3
OpsMUM BIIOPCKYBAaHHSM NayMBa. Tak B CydacHUX CUCTeMax MpsiMoro BrnopckyBaHHA (Common
Rail) nnst nocsirHeHHs HEOOX1AHOTO PO3MIPY Kpareib TUCK PO3MMIIEHHS MOXE CKJIaJaTd OlIblIe
250 MIIa. Buxopucranus epexTy BUOyXOBOI'O CKHIAHHS MajMBa J03BOJIE CYTTEBO 3MEHILUTH
HeoOX1IHUH TucK po3nwieHHs (no 3 MIla), cpocTuTu cucteMy HanMBOIOAAyl Ta 3HU3HUTHU ii
BapTICTh.

Po3po0neno yncenbHy MOZENb, 1110 A03BOJISIE MOJIENIIOBATH TEILIOTAPOAMHAMIYHI IPOIIECH
BIIOPCKYBaHHS 3p1[DKEHUX ra3iB y KaHaJl MoJiayl MiJArOoTOBJIEHOT MOBITPSAHO-MAJUBHOI CyMIlll 1 B
mwtinap /IB3. Bukonano nepeBipKy 11 aJJeKBaTHOCTI HAa OCHOBI pealbHUX EKCIEepUMEHTAIbHUX
pe3ynbrariB. IlpoBeneHi yuMcenbHI €KCIEPUMEHTH 3 BUKOPUCTAHHSAM pO3pOO0JIEHOT MOAEeNl, SKi
JIO3BOJIMJIM BU3HAUUTH ONTHMANbHI TEIUIO(QI3UYHI Ta KOHCTPYKTHBHI HapaMeTpud CHCTEMHU
BIIOPCKYBaHHS ra3y y plIKOMY CTaHi.

Kommieke 3anpornoHoBaHUX 3aX0/liB JI03BOJISIE CYTTEBO MOKPAIIUTH K TOYHICTH JT03yBaHHS
ra3oBOTO TaJMBa, TaK 1 MPOIEC 3TOPSHHS Ta30MOBITPSHOI CyMIIl B IMIIHApPAX JBHUTYHA, IO
JI03BOJISIE 3MEHIIUTH TOKCUYHICTD BiJIPAlbOBAHUX ra3iB 10 PiBHSA Cy4aCHUX BUMOT.

(poc.)

[Ipenyio’)keHO HOBOE TEXHHYECKOE pELIeHHEe, KOTOpoe oO0ecleyuBaeT yIydlleHHue |
VIOpOILEHHE TIpolecca CcMeceoOpa3oBaHUs 3a CyYeT MCMHOJIb30BaHUS J(¢eKkTa B3PHIBHOTO
Bckunanus TorumBa («flashboiling») mpu ero momaye B meperperom coctosHuu. M3rorosiieH
IKCTIEpUMEHTABHBIN 00pa3el pa3padOTaHHON CHCTEMbI IUTAHUSI IBUTATEIST COKMKEHHBIM Ta30M B
KHUJIKOM COCTOSIHUHM, TO3BOJISIIOIIMN YIYYIIUTh SHEPreTUUYEeCKUe U SKOJIOTHYECKHE IMOKa3aTelu
JIBUTATEIS, YMEHBIIUTH TOTPEOJIEHHE HOPOroro TPATUIIMOHHOTO TOIUIMBA W TPUBJIEYh K
TOIJIMBHOMY (DOHJTY JIeIlIEBbIE SKOJIOTMUECKH YUCThIE ra30BbIe TOIIUBA.

BeinosnHeHo skcnepuMeHTanbHOe UCCIeJ0BaHNE MPOLiecca BIPBICKA CKMKEHHOI0 ras3a (Ha
OZIHOH (opCyHKE), OMpeNeleHbl OCHOBHBIC AKCIUTYaTallHOHHBIE OCOOECHHOCTH M TPeOOBaHUS TIO
pabote Takux cucteM. Ilporecc mcmapeHus >KUAKOrO TOIUIMBA CONPOBOXKIAETCS CHIXKEHUEM
TEMIIepaTypbl cMecH (IKCIEpUMEHTAIbHbIE JaHHbIC MPHUBEACHBI B OTYETE), UYTO VI PEaTbHOTO
JIBUTATENsl CYLIECTBEHHO YIY4YIlaeT HAMOJHEHHE LMIMHAPOB. YKa3aHHbIE (AKTOPbI MPUBOAAT K
TOMY, YTO paclbUICHasi Macca MeperpeTou KUIKOCTH OBICTpee UCTIApSeTCs U JIyYIlle CrOPaeT, 4To
BO3MOXHO HCIOJb30BaTh Kak I JBUTaTesled ¢ MOArOTOBKOM TOIUIMBHOM CMecH B Kamepy



CropaHusAa, TaK U C IIPSAMBIM BIIPBICKOM TOIIJIMBA. Tak B COBPEMCHHBIX CUCTEMAX IMPAMOI'O BIIPBICKA
(Common Rail) ans noctrxeHns HEOOXOIUMOTO pa3Mepa Karellb JaBJIeHHE PaCIbUICHUS MOXKET
coctaBiaTh Oosee 250 MIla. Hcnonb3oBanue »sd@dexra B3pHIBHOINO BCKHMAHUS TOIUIMBA
MO3BOJISIET CYIIECTBEHHO YMEHBIIUTh HeoOXonumoe naBieHue pacnbuieHus (o 3 Mlla),
YIOPOCTUTHh CUCTEMY TOILNIMBOIIOAAYN U CHU3UTH €€ CTOUMOCTD.

Pa3pa60TaHa YU CJICHHAaA MOJCJIb, IIO3BOJIAOIIas MOACINPOBATH
TEIIOrUAPOANHAMUYECCKHEC IMpoHeCChl  BIIPBICKA  CXKMXKCHHBIX TI'a30B B KaHaJ1 IIoga4dun
MOATOTOBJICHHOW BO3AYIIHO-TOIUIMBHOM cMmecu u B muiuuap JBC. BemonHnena mpoBepka ee
AIICKBATHOCTH Ha OCHOBC pPCAJIbHBIX OJOKCICPHUMCHTAJIBHBIX PE3YJIbTATOB. HpOBC,I[eHHBIe
MHOT'OYHMCJICHHBIC OKCIICPUMCHTBI C  HMCIIOJIb30BAHUCM pa3pa60TaHH0171 MOZACIIN, KOTOPLIC
IMO3BOJIMJIIN  OIIPCACIINTG OITHMAJIbHBIC TCHJ'IO(bI/ISI/I‘IeCKI/Ie U KOHCTPYKTHUBHBLIC ITapaMETPhI
CHUCTCMBI BIIPBICKA I'a3da B ) KUAKOM COCTOSAHHUH.

Kommnekc npeaiara€MbiX MEP MO3BOJLICT CYHIECCTBEHHO YIYYIIMTh KaK TOYHOCTH
AO3UPOBAHHA ITa30BOI'0 TOIJIMBA, TaK W IMPOLECCC CTOpaHUsA ra30303):[ymH0171 CMCCHU B UWJIMHApAX
ABUTATCIIsI, YTO TIO3BOJIACT YMCHBIOIHUTL TOKCHUYHOCTD 0Tpa6OTaHHI>IX razoB 10 YpPOBHHA
COBPEMEHHBIX TPEOOBaHUM.

(amra.)

A new technical solution is proposed that improves and simplifies the mixture process
using the flashboiling effect and superheating. An experimental model of the developed liquefied
gas engine power system in the liquid state is designed, which allows to improve the energy and
environmental performance of the engine, to reduce the consumption of expensive traditional fuel
and to bring cheap environmentally friendly gas fuels to the engine.

An experimental study of the process of liquefied gas injection (for one nozzle) was
performed, the main operational features and requirements for the operation of such systems were
determined. The process of evaporation of liquid fuel is accompanied by a decrease in the
temperature of the mixture (experimental data are given in the report), which significantly
improves the filling of cylinders for a real engine. That’s why the sprayed mass of the superheated
liquid evaporates more quickly and burns better, which can be used both for engines with a
preliminary preparation air-fuel mixture and for direct fuel injection. So in modern systems of
direct injection (Common Rail) to achieve the required size of droplets spray pressure can be more
than 250 MPa. Using the effect of flash boiling of fuel can significantly reduce the required spray
pressure (up to 3 MPa), simplify the fuel system and reduce its cost.

A numerical model has been developed that allows simulating the thermohydrodynamic
processes of injection of liquefied gases into the feed channel of the prepared air-fuel mixture and
for direct injection. Adequacy testing was performed based on real experimental results.
Numerical experiments were carried out using the developed model, which allowed determining
the optimal thermophysical and design parameters of the gas injection system.

These results could significantly improve both the accuracy of gas fuel metering and the
process of combustion of the gas-air mixture in the cylinder of the engine, which allows reducing
the toxicity of the exhaust gases to the level of modern requirements.
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5. IlopiBHsIHHS 3i CBiTOBMMH aHAJIOTaMH.

Bukopucranas razy B pinkiid ¢asi 103BOJII€ CYTTEBO MIABUIIUTH TOYHICTH JO3YBaHHA 1
MOKPAITUTH TPOIEC 3TOPSIHHS Ta30MOBITPSHOI CyMilli B HWJIIHIpaxX JBUTYHA B TOPIBHSHHI 3
MOJJaueIO IMajiBa B ra3oBOMY CTaHi. [IpoBeleHi JOCHIIHKEHHS TO3BOJSIOTH aJalTyBaTH pijKe
BIIOPCKYBAHHS JI0 BITYUM3HSHUX YMOB €KCILTyaTaIlii.

6. ExoHomiuHa mpuBa0JMBICTh IS IPOCYBAHHA HA PUHOK

Bukopucransst po3po6ieHOi CUCTEMH SIKOi CYTTEBO TMOKpAIlye EHEPreTUYHI Ta eKOJIOT1uH1
nokasHuku /B3 1 mpuBoauTh iX y BiamoBigHICTE A0 MiKHapoauux Bumor EURO-4 1 EURO-5, a
JUTSL IIMPOKO MOIIUPEHUX JBUTYHIB 3aCTApUINX KOHCTPYKIH, SIKi TPOAOBXKYIOTh I3UTH B Y KpaiHi
(tumy SIM3-238, sIM3-240, 3/16 Ta iH.), MmoxiuBo BukoHaHHsS HopM EURO-3, ski Bke BBe/cHI B
VYxpaini. YHiBepcanbHICTh 6a30BOT CXEMH CHCTEMH, IO PO3POOIAETHCS, TOIATAE B MOMKIUBOCTI 11
Jerkoi amantamii Ui epeKTHBHOI POOOTH Yy CKJIaJi KOHKPETHOTO JBHMIyHAa. Taka cucrema
JKUBJICHHSI JIO3BOJIUTH €KOHOMHTH JI0 TPAIUIIIHHE JOpPOre MAIMBO 32 PaxXyHOK BiIIOBIJIHOTO
3aMilIeHHs HOro ra3oM. PiuHuii eKOHOMIUHMN e(eKT Bia BIPOBA/KCHHSI, HAMPUKIIA/, TIILKH Ha
onHomy camockuai benA3-75405 (30T) ouikyeThest B po3mipi 250...350 tuc.TpH.
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