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JucepraiiiiHe JOCHIIKEHHS MPUCBIYEHO AaKTyalbHOMY [HUTAHHIO —
MPOTHO3YBAHHIO OCOOJIMBOCTEH Mepediry mporeciB CyMIIIOYTBOPEHHS, 3TOPSHHS
Ta YTBOPEHHS ILIKIJJIMBUX PEYOBHH B JAM3€Il MPO HOro poOOTI Ha BOAOMAIMBHIN
emynbcii (BIIE). AkTyanbHICTE pOOOTH MOJArae B MIiABUILECHHI €(PEKTUBHOCTI
BUKOPHCTAHHS BOJOIMAIMBHOI €MyJbCli B SKOCTI MaJiBa IS JAW3EIIB ILISTXOM
BUOOpY palliOHaJbHUX TMapaMeTpiB JAu3els, [0 JO3BOJSTH KOMILJIEKCHO
MOKPAIIUTH MOKA3HUKH TU3EIISL.

JIBUryHu BHyTpiuIHboro 3ropsiHus ([IB3) 3a TpuBanuii TepMiH eKCIiTyaTarii
HaOyJIM IIMPOKOTO PO3IMOBCIO/DKEHHS B YCIX cdepax AISILHOCTI JIIOJACTBA, IO
MOSICHIOETBCST X YWCICHHUMHU TMepeBaram. 3a el yac iX KOHCTpYyKIis Oyna
JOBEZCHA JI0 BHUCOKOTO CTYINEHs JOCKOHaiocTi. Ha choromHimHINA IeHb
NOKpalieHHs: Moka3HukiB JIB3 muisixoM BAOCKOHAJIEHHS KOHCTPYKIT 4u
onTHUMi3alli MOro mapameTpiB MoTpedye HAI3BHYAWHO BEIUKHUX MaTeplallbHUX
3aTpar Ta 3aTrpar 4acy, 1, K IPaBUJIO, 1a€ BIIHOCHO HEBETUKUNA €PEeKT, OCKIIbKU
JIB3 nocsariu ny>xe BUCOKOTO PiBHS JOCKOHAJIOCTI KOHCTPYKIIII.

HanzBuuaitHo mmpoke 3actocyBanHs JIB3 00ymoBHIIO nayXe BHCOKY
aKTyaJbHICTh BHUPIIIEHHS LUIOTO PsAy TIJIO0adbHUX TpoOJieM JI0JICTBA, IO
MOB’sI3aHI 3 BUUYEPHAHHSM CBITOBUX 3amaciB HadTH, 3a0pyaHEHHSIM aTMochepu
TOKCUYHUMH PEUYOBUHAMH BiampaiboBanux rasiB (BI'), rmo6amsHUM NOTETUTIHHIM
KiiMaty Ta iH. EdekTuBHUM 3axo/ioM, IO J03BOJISIE 3a0€3MEUYUTH YACTKOBE

pOBB,HSaHH}I BKa3aHUX BUIIIC HpO6J’ICM, € BUKOPUCTAHHA AJIbTCPHATHUBHUX I1aJIUB B

JIB3.
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OanuM 3 HaWOUIBII TOIIMPEHMX BHUIIB AJbTEPHATHMBHOIO MalMBa IS
JM3EJIB € BOJOMAIMBHA eMyJbCisd. Lle MOsSICHIOEThCS CYKYITHICTIO BIaCTHUBOCTEH,
XapaKTepUCTHK, OCOONMBOCTEH BHpPOOHHUITBA Ta BUKOPHUCTAHHS LBOTO BHIY
anbTepHatuBHoro nanua. Jlo ocHoBHux mnepeBar BIIE BigHOCATH: 3MEHIIEHHS
cepenHboi e(PEeKTUBHOI BUTPATH TMajJuBa HAPTOBOrO MOXOHKEHHS JU3eNIeM, 3HAaUHE
3MEHIIEHHS MUTOMHUX BUKUIIB OKCHUJIB a30Ty Ta caxi 3 BI' nuzens, BiACYTHICTB
HEOOXITHOCTI BHECEHHS 3MIH B KOHCTPYKIIIIO, MOXIJIMBICTb BUPOOHMIITBA
MPAKTUYHO HEOOMEKEHOI KITBKOCTI MaliiBa, BiIHOCHA IMPOCTOTa BUPOOHHUIITBA
nanuBa. IIpore, ¢izuko-ximiuni BiaactuBocTi BIIE cyTTeBO Biapi3HAIOTHCS Bif
BJIACTUBOCTEH JM3EIBHOTO TMalMBa, YMM OOYMOBJIEHO psAJl BIIMIHHOCTEH B
nepeliry MpoLeciB MajJuBONOadi, CyMIIIOYTBOPEHHS Ta 3TOPSIHHS B IIMUIIHJPI
nuzensi. Oxpim toro npu Bukopuctani BIIE B numninapi BinOyBaeThes psij SKICHO
HOBUX, MOPIBHAHO 3 TPAIUIIAHAM TMaJTWBOM, SIBHIIN, IO TAKOXX BIUIMBAIOTH HAa
poGouuit nporec au3ens. CkazaHe BHUIlE OOYMOBIIO€ BUHHUKHEHHS PE3€pBIB IS
KOMILJIEKCHOT'O TMOKpAIEHHsI MOKa3HUKIB au3ens, mo npaitoe Ha BIIE, musxom
BUOOpY pallioHaJIbHUX HOTO MapaMeTpiB.

B pamKax JTUcepTaliitHol pobotu MPOBEJICHO KOMILIEKC
EKCIEPUMEHTAJIbHUX JOCHIKeHb (i3uko-xiMiuHuX BiactuBoctedd BIIE. s
BU3HAYEHHS XapaKTEPHUX OCOOIMBOCTEH poOOYOro mpolecy Au3elns mpu poOoTi
HAa BOJOMNAJIMBHOI eMyJbCli TPOBENEHI JOCHIDKEHHS JM3€Nsl TaKoX Ha
CTaHJapTHOMY IU3€JIbHOMY MajuBi. B pe3ynbrari BusiBIEHO, 110 Mpu poOOTI HA
BIIE 3HMKyeThCa MakcUMallbHa TEMIIepaTypa B LMJIIHJPI TU3€Is 1 TUCK HaA1yBY,
30UIBIIYETHCS TEPIOJl 3aTPUMKH 3alajieHHS 1 1HTEHCUBHICTh «IIBHJIKOTOY
3ropsiHHsA. B po0OTi BHKOPHUCTaHO 3ampONOHOBAaHY METOJIWKY BH3HAUYEHHS
MOMEHTY TIOYaTKy 3rOpsSHHA TajduBa B LWIHAPI 3a  pe3yJbTaTaMu
eKCIEPUMEHTAIbHUX JOCIIHKEHb, IKa BPAaXxOBYE OCOOJMBOCTI JaTYMKa THUCKY. 3
BUKOPHUCTAHHAM OTPUMAHUX JaHUX PO3PaXyHKOBO-EKCIIEPUMEHTAILHUM METOJ0M
Oyna Bu3HaueHa eHepris aktuBaiii BIIE.

Ha ocHOBI pe3ynbpTaTiB eKCIIepUMEHTaIbHUX JOCTIIKEHb Oyna po3poliieHa

Ta i7eHTU(]IKOBaHA MaTEeMaTHYHA MOJIEb BHYTPIIIHBOIIMIIHAPOBUX IPOIECIB B



nu3eni npu poo6oti Ha BIIE. 3anpomonoBaHO METOAMKY BHU3HAYEHHS MEPIOTy
3aTPUMKHU CHaJlaxXyBaHHSl MaJlMBa, KOTPa BPAXOBYE XapakTep 3MIHU MapaMmeTpiB
po6ouoro Tijia B HMWIIHAPI MPOTITrOM IMEpioly 3aTPUMKHU criajiaxyBaHHA. B moneni
BPaxOBYEThCA [0 MeXaHI3My '"MIKpOBHOYXY'", KaTaJlTUUYHUM BIUIMB TMPOAYKTIB
JUCOIlIaIlll BOJM HAa MPOILIECH 3TOPSHHS 1 YTBOPEHHS IIKIIJIMBUX PEYOBUH B
muTiHApi. [ MmaTemaTnyHa MOJIENh TO3BOJISIE aICKBATHO MPOTHO3YBATH XapaKTep
1 ctyninb BIunBy BITE Oyap-sikoro ckiany Ha MOKa3HUKHU AU3EIIS.

Busnaueno parioHasibHI 3HA4YEeHHS MMapaMeTpiB AW3eNs Npu poOOTI Ha
BOJIONAJIMBHIN eMyJibcii. B SKOCTI KpuUTEpil0 MpHU BUPIMICHHI JAHOTO 3aBJaHHS
OyJ0 BHUKOPHCTAaHO KOMIUICKCHUM MNaJIMBHO-EKOJOTIUHMI KpuTepid mpodecopa
[TapcaganoBa I. B. bByno BBegeHo OOMEXEHHS MaKCUMaJIbHOTO THCKY 1
MaKCHMAaJIbHOI IIBUAKOCTI MIJBUIIEHHS THUCKY B IMIIHAPI 3 METO 3amoOiraHHs
3HAYHOTO 3POCTaHHS MEXAHIYHUX HABAHTAXKCHb HA JIETaNl TU3EIS.

Byno BukopucTaHo CropoieHi 3ajeXHOCTi, IO J03BOJSIOTH HAa OCHOBI
napameTpiB JIM3elid BU3HAYUTH KOMILUIEKCHHUI MaJTuBHO-EKOJIOTTYHUM KpUTEpiH, a
TAaKOX PsII IHIMUX TMOKA3HUKIB Au3ens. B sSKocTi cmpoieHoi 3ajaexHoCTI Oyiio
BUKOPUCTAHO TIOJIIHOM JIpyroro CTyneHs. BHKOpUCTaHHA pallloHaIbHUX
napameTpiB Ju3els, 10 Mpallo€ Ha BOJONAIMBHINA €MYIbCii, 103BOJISE NOCSATITH
3HIDKCHHSI TTUTOMUX BHKHUIIB OKCHUIIB a30Ty Oumbmi, HiXK Ha 40 %, 301IbIICHHS
epexkruBHoro KKJI na 1...1,2 % mnpu 301IbII€HHI NUTOMHX BUKHAIB TBEPAMX
qacTUHOK Ha 9...15 %. 3a3HaueH1 3aX0/y JTO3BOJSIOThH IMABUIIUTH KOMILIEKCHHMA
NaJIUBHO-EKOJIOTTYHUM KpuTepiit Ha 12,5...13 %. [l MOXIMBOCTI aBTOMaTUYHOTO
3a0e3neyeHHs] pallloOHAIbHUX TMapamMeTpiB Ju3elns s BOAONAJIMBHOI €MYJbCli
OyIb-SKOTO CKJIaay a00 TPATUIIIAHOTO AU3ETHLHOTO MaIuBa PO3pPO0IeHa KOHIIETITIS
aJlalTUBHOI CUCTEMHM ympaBlliHHS Au3eneM. [IpoBeneHo poOOTH 1O BUOOPY THUIY
JATYMKA BMICTY BOAM B BOJIOTAINBHINA €MYIIbCIi.

KnrouoBi cnoBa: au3enb, BOJOMAIMBHA €MYJbCis, MEpioA 3aTPUMKH
criajaxyBaHHsI, MPOLEC 3TOPSIHHS, «MIKPOBHOYX», MaTeMaTHU4HE MOJIEIIOBAHHS,

paIlioHaJIbHI MTapaMeTPpH, ATANTHBHA CUCTEMA KePyBaHHSI.
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ABSTRACT

Savchenko A. Selection and justification of the diesel engine parameters
during operation on a water-fuel emulsion. - Qualifying scientific work on the
rights of manuscript.

Dissertation for obtaining the scientific degree of the candidate of technical
sciences (Doctor of philosophy) in specialty 05.05.03 "Engines and power plants".
- National Technical University "Kharkiv Polytechnic Institute", Kharkiv, 2018.

Dissertational research is devoted to the actual issue - forecasting of the
peculiarities of the processes of mixing, combustion and formation of harmful
substances in the diesel engine about its work on water-fuel emulsions (VFE). The
urgency of the work is to increase the efficiency of using the water-based emulsion
as a fuel for diesel engines by choosing rational diesel parameters, which will
allow for a comprehensive improvement of diesel performance.

Internal combustion engines (ICE) have long been widely used in all spheres
of human activity, due to their numerous advantages. During this time, their design
was brought to a high degree of perfection. To date, the improvement of the ICE
performance by improving the design or optimizing its parameters requires
extremely high material costs and time consuming and, as a rule, gives a relatively
small effect, since the ICE has achieved a very high level of perfection of the
design.

The very wide application of ICE has resulted in a very high relevance of the
solution of a number of global human problems associated with the exhaustion of
world oil reserves, pollution of the atmosphere by toxic substances of exhaust
gases (CO), global warming of the climate, etc. An effective measure that allows
for a partial solution of the above problems is the use alternative fuels in ICEs.

One of the most common types of alternative fuels for diesel engines is the
water-based emulsion. This is due to the combination of properties, characteristics,
features of production and the use of this kind of alternative fuel. The main

advantages of the VFE include: reducing the average effective fuel consumption of
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diesel fuel oil, significantly reducing the specific emissions of nitrogen and soot
oxides from diesel generating units, the need to make changes to the design, the
possibility of producing virtually unlimited quantities of fuel, relative simplicity of
fuel production. However, the physical and chemical properties of the VFE differ
substantially from the properties of diesel fuel, which is due to a number of
differences in the flow of fuel supply processes, mixing and combustion in the
diesel cylinder. In addition, when using VFE in a cylinder, a number of
qualitatively new compared to traditional fuels, phenomena, which also affect the
working process of the diesel engine, occurs. The above-mentioned condition
creates the reserves for a comprehensive improvement of the diesel engine
operating on the VFE, by choosing its rational parameters.

In the framework of the thesis, a complex of experimental studies of the
physicochemical properties of VFE was carried out. To determine the
characteristic features of the diesel working process when working on a water-fuel
emulsion, studies of the diesel engine were also performed on standard diesel fuel.
As a result, it was found that when operating on VFE, the temperature in the
cylinder of the diesel engine and the boost pressure are reduced, the ignition delay
period and the intensity of “fast” combustion increase. We used the proposed
method for determining the start of combustion of fuel in the cylinder according to
the results of experimental studies, which takes into account the features of the
pressure sensor. Using the data obtained by the calculation-experimental method,
the activation energy of VFE was determined.

Based on the results of experimental studies, a mathematical model of intra-
cylinder processes in a diesel engine was developed when operating on VFE. A
method is proposed for determining the ignition delay period of a fuel, which takes
into account the nature of changes in the parameters of the working fluid in the
cylinder during the ignition delay period. The model takes into account the action
of the mechanism of "microexplosion", the catalytic effect of the products of water

dissociation on the processes of combustion and the formation of harmful
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substances in the cylinder. This model allows you to adequately predict the nature
and extent of the influence of VFE of any composition on diesel performance.

Rational parameters of diesel defined when working on water-fuel emulsion.
As a criterion for solving this problem, the complex fuel-ecological criterion of
prof. 1. Parsadanov. The limitation of the maximum pressure and the maximum
rate of pressure increase in the cylinder was introduced in order to prevent a
significant increase in mechanical loads on diesel engine parts.

Simplified dependencies were used to determine the complex fuel and
environmental criteria, as well as a number of other diesel indicators, based on
diesel parameters. The second degree polynomial is used as a simplified
dependence. The use of rational parameters of a diesel engine operating on water-
fuel emulsions makes it possible to achieve a reduction in specific emissions of
nitrogen oxides by more than 40 %, an increase in the effective efficiency by
1...1,2 % with an increase in specific emissions of solid particles by 9...15 %.
These measures allow to increase the integrated fuel and environmental criteria by
12,5...13 %. To enable automatic provision of rational diesel parameters for a
water-fuel emulsion of any composition or conventional diesel fuel, the concept of
an adaptive diesel engine control system has been developed. Works on the
selection of the type of water content sensor in the water-fuel emulsion.

Keywords: diesel, water-fuel emulsion, ignition delay, combustion process,
“microexplosion”, mathematical modeling, rational parameters, adaptive control
system.
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