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I00aBKU 1O GEH3UHY

2. Improvement of the fuel economy of the engine with spark ignition when using an alcohol-containing additive to
gasoline

Pedepar:

1. ETaHOM € OHUM 3 BU/IiB aJIbTEPHATUBHUX MaJIMB 260 X SIK J0OaBKa, 110 BUKOPUCTOBYETHCS [0 [1aJINBA B ABUTYHAX
3 iCKpOBUM 3amnasaoBaHHsSIM. ETaHOJ - 11e BiZHOBJIIOBaHE MAaJIMBO, 1110 BUPOOJISETHCS MIJIIXOM NTEPEPOOKYU CUPOBUHU
CiZIbCBKOTOCIIOAAPCHKOTO MOXOIKEHHS. JJOCTiI)KeHHSIM BUKOPUCTaHHS €TaHOJIy B SIKOCTi J0OABKU 3/1iICHIOBAIM SIK
BiTYM3HSHI HAyKOBIJi, TaK i 3akopsioHHI. OCHOBOIO AOCiI’KeHb OyJla OljiHKa TOKa3HUKiB €EKOHOMIUHOCTI Ta
€KOJIOTIYHUX ITOKa3HYKIB ABUTYHA 3 iCKPOBMM 3allaIIOBaHHSM IIpU AOJABaHHI €TaHOJIy 3a3Buyait 1o 50%. 3a
pe3yJbTaTaMu JOCJiIPKeHb OyJI0 OLiHEHO [T0Ka3HUKU aJallTOBAHOCTI CUCTEMU >KUBJIEHHS ABUTYHA 3 iCKPOBUM
3anajloBaHHSM JO BUKOPUCTAaHHS €TaHOJIY SIK JO0ABKU 10 NajBa. BUKOpHCTaHHS NanyBa 3 [OAABaHHSIM €TaHOIY
3menye Kisibkicte CO Ta CH y BifnpanboBaHUX razax. BHacaiIOK BUKOPUCTaHHS €TaHOJIy BUHMKA€E HE3HAYHe

361JIbIIE€HHS IOTYKHOCTI Ta KPyTHOTO MOMEHTY ABUTYHA I1PY BMiCTi €TaHoJy B anuBHa 10 20%, ane npu 4boMy



3pOCTae roAMHHA BUTPATA [1aJIMBa BHACIIILOK MEHIIOI HMKYOI TEIJIOTU 3rOPAHHS CyMilIeBOro naavsa. JJouijibHO
IOCJITUTH MOKA3HUKY €(PEeKTUBHOCTI, TaJIMBHOI EKOHOMIYHOCTI Ta MOKAa3HUKY €KOJIOTiYHOCTi ITPY BUKOPUCTAHHI B
SIKOCTI IIasinBa 6€H3MHY 3 BUCOKUM BMiCTOM €TaHOJIy Ha IBUTYHA 3 iCKpOBUM 3allajllOBaHHSIM, CUCTEMOIO
BIIOPCKYBAHHS i KaTaJIiTUYHOIO HENTpasi3alli€lo BillpalbOBaHUX ra3iB. 3a pe3ybTaTaMu AUCEPTaLiliHOI po60TH
BCTaHOBJIEHO HacTymHe: 1. [JoCiIKeHHSIM BUKOPUCTAHHS €TaHOJY MPUCBSYEHO 6araTo HayKOBUX POOIT B SIKUX
IOCJIiIKYBaJIMCh €KOHOMIYHI, €KOJIOTiyHi Ta e(peKTHBHI IOKa3HUKU POOOTH ABUTYHA MIPY >KUBJIEHHI CyMilIio
O€H3MHY Ta €TaHOJIy 3 BMiCTOM OCTaHHBOTO 110 40%. AKTyaslbHUM IIMTAHHSIM JIMIIAETHCS 3a0€3I1€UEHHS
e€(eKTUBHOCTI Ta €KOJIOTIYHOCTI ABUTYHA i3 CUCTEMOIO BIIOPCKYBaHHS Ta HEMTpasli3alli€lo BilllpalbOBaHUX ra3iB pu
SKUBJIEHHI OEH3MHOM 3 BMiCTOM eTaHoJy 1oHan 40 %. 2. 3 BUKOPUCTaHHSIM PO3PO6IEHO] METOIMKYU TEOPETUIHO
OOI'PYHTOBAHO BEJIMYMHY MaKCHMaJbHOI 1OOABKY €TaHOJIYy 1715l ABUTYHIB BHYTPIilIHbOT'O 3TOPSIHHS 3 iCKPOBUM
3arajloBaHHSM, CUCTEMOIO BIIOPCKYBaHHSI 3i 3BOPOTHIM 3B'I3KOM Ta KaTaJliTUYHOIO HEHUTpaizalielo
BiAIIpallbOBaHMX rasiB, sKa He IOBUHHA repeBuiyBatu 60 % 1o maci aJis 3abe3nedeHHs epeKTUBHOI poboTu
KaTaJliTM4HOro HelTpasizatopa. 3. YTOUHEHO METOMKY 00pOOKU eKCllepUMeHTaIbHUX iHAUKATOPHUX Jiiarpam min
4ac >KUBJIEHHS IBUTYHA BHYTPIIIHbOT'O 3TOPSIHHSA 3 iCKPOBMM 3alla/lOBaHHSIM, CUCTEMOIO BIIOPCKYBaHHS 3i
3BOPOTHIM 3B$I3KOM Ta KaTaJiTUYHOIO HeUTpasisaliielo BiApaboBaHUX ra3iB 6€H3MHOM 3 J06aBKaMU €TaHOJIY 10
75%, 30KpeMa, TIiJ] 4ac aHasizy [polecy 3ropsiHHS BpaXOBaHO 3MiHY IOTOYHUX 3HaY€Hb ra30BOi CTaJIOl Ta
TEIJIOEMHOCTI pOO0YOro Tijla 3aJIEXKHO Bifi BMICTY €TaHOJY B [ajyvBi. 4. 32 pe3yabTaTaMy €KCIIepUMEHTAJIbHUX
IOCJiI)K€Hb BCTAHOBJIEHO, 1110 BUKOPUCTAHHS MAJIMB 3 CIIUPTOBMICHOIO 06aBKOIO ITPU3BOJUTH 0 MiABULLIEHHS
abCoOJIIOTHOI BUTPaTy NajiMBa: BUTpara naiusa E75 6inpiua B cepegHpoMY Ha 34% BifIIOBinHO, 10 MIOB'SI3aHO 3
MEHIIOIO TeIJIOTOI0 3rOPaHHsI anBa 3 CIIMPTOBMICHOIO 1,00aBKO0. EHepreTHyHi NOKa3HUKYU ABUTYHA J4OCSTaloThCs
17151 nanusa E50 Ha piBHi 6€H3MHOBOrO IBUTryHA. BukopuctanHs E75 npu3BoguTh 10 30ifHEHHS CyMillli B
cepennboMy Ha 0,02 oguHuLi 0 KoedilieHTy HaAMipy MOBITPS, O € NPUINHOIO [ESIKOrO MOTipIIeHHSs
€HepreTUYHMX [IOKa3HUKIB JBUI'YHA Ta 3HIKEeHHS e(DeKTUBHOCTI HelTpasisali. 5. 3a pe3ysibTaTaMy aHaJi3y
pobo4oro npoliecy ABUryYHA IIPU BUKOPUCTAHHI [1ajvBa 3 CIUPTOBMICHOIO 10OABKOIO BCTAHOBJIEHO, 110
BMKOPHUCTaHHs nanusa E50 NprusBoauTh 00 MEBHOTO 3HIKEHHSI MAKCUMAJIbHOTO THCKY Iif] YaC 3TOPSHHS [IOPiBHSHO
3 BUKOPUCTaHHSM O€H3MHY, IIPOTeE Iif, 4aC BUKOPUCTAHHS NajuBa E75 MakcHManbHUM TUCK TaKUK Xe $IK i pu
JKUBJIEHHI 6€H3MHOM. BUKOpUCTaHHS NIaNMBa, 1110 MiCTUTh CIIUPTOBMICHY NIOOABKY, IPU3BOJUTD [10 3MEHILIEHHSI
MaKCHMMaJIbHOTO TUCKY Ta TEMIIEPATYPH LIMKJY Y 30HI HU3bKOT'O Ta YACTKOBO CE€PEIHbOrO HaBaHTaXXEHHS. B 30Hi
CepeJHiX HaBaHTaXeHb 3HAYEHHSI MAaKCMMAaJIbHOTO TUCKY IPAaKTUYHO He Bifpi3HSI€ThCA Bif BUAY nanuBa. 3a
OTpUMaHuUMU ePEeKTaMU BIUIMBY BMICTy eTaHOJy Ha KoeilieHT HagMipy MOBITps Ta TEMIIEPATypy NPOLYKTiB
3TOPSIHHS MOXXHA 3pDOOMTH BUCHOBOK, 1110 IPY BUKOpPUCTaHHI nanusa ESO BUKUAY OKCUIIB @30Ty 6YIyTh IEL0
MEHIIMMU HDK IIpY BUKOPUCTaHHI 6€H3MHY, 2 BUKOPUCTaHHS nanusa E75 npussese 10 3HAYHOTO 36ibLIIEHHS
BUKUJB OKCUIB a30Ty BHACJIiIOK 3MeHIIEeHHs e(PeKTUBHOCTI iX HelTpanisalii. 3a pe3ysbTaTaMu pO3paxyHKy
MaCOBUX BUKUTiB 3P MO>KHA BCTAHOBUTH, 110 [TPY BUKOPUCTAHHI [1aJIMB 3 BUCOKMM BMiCTOM eTaHoJy Bukunu CO
CYTT€BO 3HMXKYIOTbCA (Ha 40...80%). [1pu npomy, macosi Bukuau CH nemo 3pocTaloTh BHACIIOK NOTipLUIEHHS
edexTuBHOCTI ixHbOI HeWTpaidauii. Macosi Bukuau CO2 3HUXKYIOTbCS Ha 4,5...15% Npy BUKOPUCTAHHI Na/INB 3
BHCOKVM BMIiCTOM €TaHOJIy. 6. 3 ypaxyBaHHSM [IOCJiJI)KEHOTO BMICTy €TaHOJIy B MaJNBi BUBHAUYEHO IOLIJIbHI MEXI
I00aBKU €TaHOJIy 4O OEH3MHY, 110 N03BOJIsIE€ MOJINIINTY BKa3aHi IIOKa3HUKHY, sIKa Mae CTaHOBUTHU 10 70 % 3a Macolo
nanuBa. Kiro4oBi cy10Ba: IBUTYH 3 iCKPOBUM 3aMajIlOBAaHHSM, [IaJIMBHA €KOHOMIYHICTb, CHMPTOBMiCHUI G6€H3MH,
BUTpAaTa NaINBa, ABUTYH, €(EeKTUBHICTh BUKOPUCTAHHS, MaTeMaTUYHA MOJIeJIb, BiTl[IpalibOBaHi rasu, ajibTepHAaTHBHI
NaJsInBa, UIKiJIVBi BUKUIM, €KOJIOTIYHi [IOKa3HUKY, EHEPTeTUYHI [TIOKa3HUKY, IBUTYH BHYTPIIIHBOTO 3TOPSIHHS,

NiABUILEHHS €HEProePeKTUBHOCTI ABUTYHA, [IOTYKHICTb IBUTYHA.

2. Ethanol is a type of alternative fuel or fuel additive used in spark ignition engines. Ethanol is a renewable fuel
produced by processing raw materials of agricultural origin. Research on the use of ethanol as an additive was
carried out by both domestic and foreign scientists. The basis of the research was to evaluate the efficiency and
environmental performance of a spark-ignition engine when adding ethanol, usually up to 50%. Based on the
research results, the adaptability of the spark-ignition engine power system to the use of ethanol as a fuel additive
was assessed. The use of fuel with the addition of ethanol reduces the amount of CO and CH in the exhaust gas. As



a result of the use of ethanol, there is a slight increase in engine power and torque when the ethanol content in the
fuel is up to 20%, but at the same time the hourly fuel consumption increases due to the lower lower calorific value
of the mixed fuel. It is advisable to study the efficiency, fuel economy and environmental performance indicators
when using gasoline with a high ethanol content as fuel in an engine with a spark ignition, injection system and
catalytic neutralization of exhaust gases. Established: 1. Many scientific works have been devoted to research on
the use of ethanol, in which the economic, environmental and efficient performance of the engine when powered
by a mixture of gasoline and ethanol with a content of up to 40% has been studied. An urgent issue remains
ensuring the efficiency and environmental friendliness of an engine with an injection system and neutralization of
exhaust gases when powered by gasoline with an ethanol content of more than 40%. 2. Using the developed
methodology, the value of the maximum ethanol addition for internal combustion engines with spark ignition, a
feedback injection system and catalytic neutralization of the exhaust gas is theoretically justified, which should not
exceed 60% by weight to ensure efficient operation of the catalytic neutral. 3. The methodology for processing
experimental indicator diagrams when powering an internal combustion engine with spark ignition, a feedback
injection system and catalytic neutralization of exhaust gases with gasoline with ethanol additives up to 75% has
been refined, in particular, when analyzing the combustion process. stable and heat-intensive working fluid
depending on the ethanol content in the fuel. 4. Based on the results of experimental studies, it was established
that the use of fuel with an alcohol-containing additive leads to an increase in absolute fuel consumption by an
average of 34%, which is associated with the lower heat of combustion of fuel with an alcohol-containing additive.
The energy performance of the engine is achieved for E50 fuel at the level of a gasoline engine. The use of E75
leads to a depletion of the mixture by an average of 0.02 units according to the excess air coefficient, which causes
a slight deterioration in the engine’s energy performance and a decrease in neutralization efficiency. 5. Based on
the results of an analysis of the engine operating process when using fuel with an alcohol-containing additive, it
was found that the use of E50 fuel leads to a certain decrease in the maximum pressure during combustion
compared to the use of gasoline, however, when using E75 fuel, the maximum pressure is the same as when
powered by gasoline. The use of fuel containing an alcohol additive leads to a decrease in the maximum pressure
and temperature of the cycle in the low and partially medium load zone. In the medium load zone, the maximum
pressure value practically does not differ from the type of fuel. Based on the obtained effects of ethanol content on
the excess air ratio and the temperature of combustion products, it can be concluded that when using E50 fuel,
nitrogen oxide emissions will be slightly lower than when using gasoline, and the use of E75 fuel will lead to a
significant increase in nitrogen oxide emissions due to a decrease in the efficiency of their neutralization. Based on
the results of calculating the mass emissions, it can be established that when using fuels with a high ethanol
content, CO emissions are reduced by 40-80%. At the same time, mass emissions of CH increase somewhat due to
a deterioration in the efficiency of their neutralization. Mass CO2 emissions are reduced by 4.5-15% when using
fuels with a high ethanol content. 6. Taking into account the studied ethanol content in the fuel, appropriate limits
for the addition of ethanol to gasoline have been determined, which makes it possible to improve the indicated
indicators, which should be up to 70% by weight of the fuel. Key words: spark ignition engine, fuel efficiency,
alcohol-containing gasoline, fuel consumption, engine, efficiency, mathematical model, exhaust gases, alternative
fuels, harmful emissions, environmental indicators, energy indicators, internal combustion engine, increasing
engine energy efficiency, engine power.
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Kopg 3a €IPIIOY: 02070915

MicueSHaxo,vieHHﬂ: ByJ. M. OmengnoBuua-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Caxno Bonogumup IIpoxopoBuy

2. Volodymyr Sakhno

KBasigikanis: n. 1. u., npodecop, 05.22.02

InenTudikarop ORCID ID: 000-0002-5144-7131

JopaTrkoBa indpopmamnist:

IloBHe HafIMeHyBaHHSI IOPUIHUYHOL 0C00H: HarioHanbHU TPAHCTIOPTHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micue3HaxoaKeHHS: ByJl. M. OMengHoBuya-IlaBneHka, 6yz. 1, Kuis, 01010, Ykpaina



dopma BiracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOrO Ha 3aCiflaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi

OisIIBHOCTI

I'yrapesuu I0piit PeopociitoBuy

I'yrapesuu IOpiit ®eonociitoBry

IBanymko Osiekcanap MukosiaiioBuy

VKpIHTEI

FOpuenko Tetsana AHaTosiiBHA



