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JOCIIZKEHHS BIIJIMBY HA IIOKA3ZHUKHU I'A3OAU3EJIA
BJAOCKOHAJIEHHA CUCTEMMH KUBJIEHHSA 3ACTOCYBAHHAM
I'A3OBHUITYCKHOI'O ITPUCTPOIO

Y cmammi nasedeno Oami w000 egexmueHocmi  3ACMOCY8AHHS HA  2A300U3EILHUX OBUSYHAX
2a308NyCcKHO20 npucmporo. Haeedeno mamemamuyni po3paxynku yukaig 0iisk OU3erIbHO20 I 2a300U3eNbHO20
08USYHIB Oe3 [ 3 2A306NYCKHUM NPUCTPOEM.

Knrwouoei cnosa: cazoousenvhuti 08USYH, NPUPOOHULL 2a3, CUCMEMU JHCUBTNEHHS, CYMIULOYIMBOPEHHS,
2A308NYCKHUL NPUCMPIL.

OpHuM 13 3aBAaHb, M1l YaC CTBOPEHHS HOBHUX TPAHCIIOPTHUX 3ac001B a00 MOoAepHI3allii HassBHUX
€ 3MEHIICHHs eKCIulyaTaluiiHux BuTpaT. Ha nyMKy ¢axiBuiB, OJHUM 13 HamnpsMiB 3MEHIIECHHS
eKCIUTyaTallliHUX BUTpPAT TPAHCIOPTHUX 3aco0IB € BHUKOPUCTAHHS aJbTEPHATUBHUX, OUIbII
JeleBux BUAIB nanusa. [Ipupoanuii raz — peanbHa agbTepHATUBA PLIKUM MOTOPHHUM manuBaM [1].

BuxopucranHs npupoHOro ra3zy B SKOCTI MOTOPHOI'O NAJIMBa AO3BOJIUTh 3IMCHUTU HEOOXITHY
KUIBKICTh I€pEBE3€Hb 0€3 3MIHM €KCIUTyaTaliiHUX BUTPAT, KPIM TOTO L€ JI03BOJUTH BUBUIBHUTU
3HAYHY KUIBKICTh PIAKOTO MaJlMBa JUIsl IHIIUX NOTPEO epiKaBH.

3acToCcyBaHHS HPUPOAHOrO razy B SKOCTI MOTOPHOIO NaJMBa Ha JBUIYHAaX 3 ICKpPOBUM
3amajeHHs M He MoTpe0ye 3MIHM KOHCTPYKLII JBUIYHA, ajlé NPU3BOAUTH JI0 3MEHILIEHHS HOTO
MOTYKHOCTI, 1110 HEIPUITYCTUMO JUIsl TPAHCIIOPTHUX 3aCO0IB.

HaligouiibHile 3acToCOBYBaTHM NPUPOJHUN Ta3 Ha JU3EISAX TPAHCIOPTHUX 3acoliB, aie
TeMIlepaTypa 3alajJeHHs IPUPOJAHOIO ra3y BUILA, HUK Y AU3EIBHOIO NAJIbHOTO, 10 3yMOBIIIOE 200
BCTAHOBJICHHS Ha JM3EJ1 TOJATKOBOI CUCTEMH 3alaJICHHS, 10 3MIHIOE KOHCTPYKIIIO JIBUTYHA, a00
1oJavy B UWJIIHJPH JBUTYHA HE3HAYHOI YACTKH TU3EIHbHOTO MaIMBa B SIKOCTI 3aMalibHOT I03H.

[amumit cmoci6 OuThIn MONUIPHUM, OCKUIBKM 32 MOTO peamizailii B KOHCTPYKIIIO JBUTYHA HE
MOTPIOHO BHOCUTHU 3MIHH, NPU I[bOMY JIBUT'YH 30epira€ BJIacTUBICTb MOBHOIL[IHHO MpallOBaTH Ha
OJIHOMY PIIKOMY IaJIMBI.

AHaniz HagBHUX CHUCTEM OKUBJEHHS  JU3€lIB Ta30BUM  MajJMBOM 13  30BHIIIHIM
CYMIILIOYTBOPEHHSM I0Ka3aB, 110 TPaHCHOPTHI 3aco0u, sAKi oOJajHaHI JU3€JIeM 13 CHCTEMOIO
KUBJICHHSI 3 I0JIa4€l0 ra3dy Yy BIIYCKHMM KOJIEKTOP ABUTYHA IiJ HAJJIUIIKOBUM THUCKOM, MaroTh
BUILI TMHAMIYHI, €KOHOMIYHI Ta €KOJIOTTYHI MOKAa3HUKHU MOPIBHAHO 3 TPAHCIOPTHUMH 3aco0ami,
AK1 00JIaTHaH1 IU3€JIeM 13 CUCTEMOIO JKMBJICHHS 3 I10JJa4€l0 ra3y y BIYCKHUN KOJEKTOp ABUTYHA ITiJ
PO3PILKEHHSIM.

OCHOBHUMH HEJOJIIKAMU HAsIBHOI CHUCTEMHU JKMUBJIEHHS JW3€Js Fa30BHM HAJIKUBOM 3 IOJAYEl0
razy y BIYCKHUHM KOJEKTOp JBHUIyHa IiJ] Ha/UIMIIKOBUM THCKOM € CKJIQJHICTh 3a0e3Me4eHHs
OJIHOPITHOCTI Ta30MOBITPSHOI CyMIIlll Ta HEPIBHOMIPHHHM il PO3MOJUT O HMIIHAPAX JBUTYHA, TOMY
JUIS PO3B’SI3aHHS L[bOTO MUTAaHHS HEOOXITHO MMOCTaBUTHU 3aBJIaHHS I110J0 BIOCKOHAJIEHHS CUCTEMH
KUBJICHHS JBUTYHA Ta30BUM HAJIMBOM 3 METOIO IOKPAIIEHHS IPOIECY CYMIIIOYTBOPEHHS Yy
BIIYCKHOMY KOJIEKTOP1 ra3013€JIbHOTO JIBUTYHA.

[Ipouec cymilIOyTBOpPEHHsSI 3HAYHO BIUIMBAae Ha poOouui nuki jasuryHa [l1]. 3a i#oro
MOKpAILlEHHs MIIBUIIYETHCS LIBUIKICTH 3TOPAaHHS, MOBHOTA 3rOpaHHS MajuBa 1, K HACIIOK,
MIABUITYETHCA €KOHOMIYHICTh HMUKITY. [[pOTO A0CATalOTh 3aBAsSKH TOMY, IO B IWJIHAPU JBUTYHA
Oyzie MOTPAIIATH FOTOBAa TOMOT'€HHA CYMIIl, sIKa BUKIIOYUTh Yac 3MIIIYBaHHS IOBITPSI Ta ra3y B
caMOMy IIWUIIHAPI Ta 30UIBIIMTH IIBHJKICTH 1 MOBHOTY IMPOTIKaHHS XIMIYHOI peakiii 3ropaHHs
ra3onoBITPSHOT CyMiLIi.

HeoOxigHo 3a3HauuMTH, MO y MPOJYKTaX HEIMOBHOTO 3TOpPaHHS OUIBIIOI MIPOIO BUSIBISIOTH
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HE3rOpuUIMil MeTaH, HDK OKUC BYIJIEI0. BMicT y mpotykTax ropiHHas npupoaHoro rasy 1 % merany
CBIIYUTH PO BTPATH TEIlJIa BHACIAOK XIMIYHOI HEOBHOTH 3ropaHHs ¢3 (0nu3pko 10 %) [1].

[Tix yac po3risiny NUTaHHS 3MILIYBaHHS HOBITPS Ta ra3y B ra3oJu3eii BUKOPHUCTAHO TEOPIIO i
MIPAKTUKYy CIAJIOBAHHS T'a3y B NAJMBHAX 1 Meyax NMPOMHUCIOBHUX yCTaHOBOK. Dopma BIYCKHOI'O
KOJIEKTOpa JIBUTyHA IJ€HTUYHA 3MillyBayy IMaJUBHEBOrO0 MallbHUKA, TOMY 1 caM IIpoIleC
3MILIYBaHHS MOKHA BBa)KaTH IAEHTUYHUM, OTXKE, CIIOCOOU, 110 3aCTOCOBYIOTH JJISl MAIbHUKOBUX
MPUCTPOIB 3 METOI0 MOJIMUIIEHHS CYyMIIIOYTBOPEHHS, MO>KHAa BHUKOPUCTOBYBAaTHM B JIBUTyHaX
BHYTPIIIHBOI'O 3rOpaHHS.

JlocnijpkeHHsT IOBENIM, 110 Ha SKICTh 3MILIYBAaHHS MOTOKIB IMOBITPS Ta ra3y BIUIMBAE€ HHU3Ka
PI3BHOMAHITHUX UWHHUKIB, 3 YpaxyBaHHSIM SKUX OyJa0 po3poOJeHO METOJMKY BH3HAUYECHHS
MIHIMaJIbHOT 30HHM 3MIIIyBaHHS MOBITPS Ta razy y BIIyCKHOMY KoJiekTopi razoausens [4]. bys
po3po0iIeHN Tra30BIYCKHUI MPUCTPIN, KU MPOMOHYEMO BUKOPUCTOBYBATH 3aMICTh 3BHYANHOT
dbopcyHkn Tonavi Ta3zy y BIIYCKHHUH KOJEKTOP. 3aBISKH aHAT3y pe3yibTaTiB MPOBEICHUX
JOCTIKEHb BCTAHOBJIEHO, L0 IS MIOBHOT'O 3MILIyBaHHS MOBITPS Ta Ta3y Ha MIHIMaIbHINA BiiCcTaH1
y BIIyCKHOMY KoJekTopi razomusens SIM3-238 HeoOXiTHO BHUKOPHUCTOBYBATH Ta30BITYCKHUHN
INpUCTPI 3 YoTHpMa OTBOpaMH JUIsl BHUTIKaHHA Tas3y, JlaMeTp SKuUX ckiagae 7,4 MM 1 $Ki
pO3TalIoOBaHl OJUH HPOTH OJHOrO. 3a TaKOi KUIBKOCTI Ta Takoro JiaMeTpy Ta30BUX CONEN Yy
ra30BUITYCKHOMY IPUCTPOi BIIOYBA€ETHCSI PIBHOMIPHUM PO3MOJUT MPUPOJHOTO Ta3y sK 1Mo OloKam
ra3zoau3ens, Tak 1 o HUWIIHApaM, 30Ha 3MILUIyBaHHA MpH LboMY ckianae 270 mm 3amictb 1356 MM
(maibxe B 4 pa3u MeHia). Lle 103BoJIsie BUKOPUCTOBYBATH 3alIPOTIOHOBAHY CUCTEMY YKUBJICHHS Ha
TPaHCHOPTHUX 3aco0ax 0e3 KOHCTPYKTHUBHUX 3MIH BIIyCKHOI CHCTEMH JBUTYHA. byno
3alpONIOHOBAHO METOJMKY, fKa JI03BOJII€E BHU3HAUUTU KOHCTPYKTHUBHI OCOOJIMBOCTI (OPCYHKH
mojayl razy Ta MiClle YCTaHOBKM MPUCTPOIO Ui MoJayl razy y BIIYCKHHI KOJIEKTOD
ra3oJu3eIbHOr0 JIBUTYHA.

JUis mepeBIpKM Mpane3aTHOCTI IBOTO MPUCTPOI0 OynM MPOBEAEHI EKCHepUMEHTaIbHI
JOCTIKEHHS BIIOCKOHAJIIEHOT CUCTEMH KUBJICHHS 3 Ta30BIYCKHUM MPUCTPOEM Ha ra30AU3eIbHOMY
neuryHi IM3-238.
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Puc. 1. 3anexHiCTh iHAUKATOPHOTO KPYTHOTO MOMeHTY M; razomusens SIM3-238T°/] Bix cyMapHOi ITUKJIOBOI TIOAaYi
najuBa
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[Tig yac mpoBeneHHs ekcriepuMenTy, BiamoBiaHo 10 JCTY 14846-81 [2], 3HIManu 30BHINIHIO 1
YacTKOBI HIBUKICHI Ta HAaBaHTaXyBaJbHI XapaKTEPUCTUKH JBUTYHA M1 4ac poOOTH 3a AU3EIIbHUM
Ta ra30/Au3eJIbHUM LIUKJIaMU.

[Ilomo HaBaHTaXyBaJbHUX XapaKTEPUCTHK JBUTYHA, TO JOCIIKYHOUM I1X OOYHCIIOBaIU
3HAYEHHS 1HJIMKATOPHOIO0 KPYTHOI'O MOMEHTY Mi 3a BU3HAUEHUX YAaCTOT 0OepTaHHS KOJIIHYACTOIO
BaJly razojusens, ski Oynu B poOOyoMy [iamna3oHi MIBUJKICHUX PEXUMIB JIBUTyHA. AHaII3
HAaBAaHTAXKYBAJTBHUX  XApPAaKTEPUCTHK IIOKa3ye, IO IHIUKATOPHWA MOMEHT JIBUTYHa 13
3alpONIOHOBAHOI0 CHUCTEMOIO KUBJICHHS BUIIE IHIMKATOPHOI'O MOMEHTY JABUIYHA 3 HasBHOIO
CHCTEMOIO JKUBJIEHHA 10 2,8 % 3aJIeXKHO Bl CyMapHOI LUKJIOBOI II01a4l MAJIUBA ¢, (pUC. 1).

[lin yac mpoBeneHHs E€KCIIEPUMEHTAIbHUX JOCIIKEHb APYIHil CTYMIHb pEAyKTOpa HU3BKOTO
TUCKY OyB HalaIlITOBAaHWH HAa MOYATKOBUM TUCK P14.,=104 klla [4]. CymapHy HUKIOBY OJAYY Gy
razy Ta AW3EIbHOIO IajliBa HAJAIITOBYBAJIM TakK, MO0 HOMIHAIbHA TMOTYXHICTh Ta30U3els
JOPIBHIOBAJIA MOTYKHOCTI 6a30BoT0 mu3enst IM3-238.

3ananpHa 7032 TU3EJIbHOTO MaauBa Oylia MpUUHSTA TaKoto, 10 AopiBHIOE 30 % Bix HOMIHAIBHOT
moJayvl IU3eIHHOTO MaMBA ITiJ] Yac pOOOTH Ta30u3els 3a AU3EIHbHUM ITUKIIOM, OCKUTBKH 32 TaKUX
3Ha4YCeHb BIMOYBA€ThCA CTAOUIbHA TOJa4ya JU3EJIBHOTO TMaJMBA HAa HU3BKUX YAaCTOTaX OOepTaHHS
KOJIIHYaCTOTO BaJly IBUTYHA.

XapakTepucTuka 1HIUKATOPHOIO O0epTaJbHOTO MOMEHTY Mi razoausens mij 4ac poOOTH 3a
ra3oM3eIbHUM IIUKIOM 3 Ta30BIIyCKHUM IPHUCTPOEM Oyia anpoKCMMOBaHAa MOJIHOMOM TPETHOTO
CTYIEHS:

M;=96,7757448+104,2831671q, + 5,7450358¢,” — 0,5299496¢,”;

1€ ¢, — [10/1a4ya NaJInBa Ha LIHUKIL.

Temneparypa BiAnpanboBaHUX rasis 77, [0 BUXOAWIU 3 JIBOTO Ta MPaBOTO OJIOKIB HUIIHJIPIB,
11 4yac IPOBEJIEHHS €KCIEePUMEHTAJIbHUX TOCIIIKEHb 3aJHUIIajacs MPaKTUYHO OJIHAKOBOIO, 110
CBIIYUTH PO PIBHOMIPHUN PO3MOJUT MPUPOJHOTO Ta3y ra30BIYCKHUM HPHUCTPOEM IO OJ0Kax
TUAJIHAPIB TA30IA3EIIA.

XapakTepucTuka TeMIepaTypy BIANpalbOBaHMX Ta3iB razofusens i1 4Yac podoTu 3a
ra3oiM3ebHUM LHKIOM 3 Ta30BIYCKHHUM HPHUCTPOEM Oyla ampOKCHMMOBaHA MOJIHOMOM JPYroro
CTYIEHS:

Tr=432,3274+0,302251,+10,47061 gy —0,00172,°—0,09027 gy >+0,0006 1 711, cyns;

1€ Gcyw — CyMapHa HUKJIOBA [10/1a4a NAJINBA; 1, — 4YaCTOTa 00epTaHHs KOJIHYACTOIO BaJa.

i piBHSIHHS BUKOPUCTOBYBAJIM B MaTeMaTU4yHIM moneni “TpaHcnopTHHI 3acid — HABKOJIUIIHE
CepelloBHINE”, B OCHOBY SKOI1 MOKJIaJeHa MaTeMaThudHa MoJelb cucteMu “Bomiit — aBToMOOUTh —
J0poTa — HaBKOJUIIHE cepenoBuine” [3]. MaTtemarnuHa Mojenb cucteMu “TpaHcriopTHUM 3acid —
HABKOJIMIIIHE CEpeoBUIEe” JO3BOJSE JOCIHKYBATH SK MOKa3HUKU pPOOOTH JBUTYHA, TaK 1
MOKa3HUKH PyXy TPAHCHOPTHOTO 3aco0y B YMOBax €KCIUTyaTallii, IPOBOAUTU JOCIIIKEHHS L1010
BIUIMBY Ha JAMHAMIYHI, EKOHOMIUHI Ta €KOJOTI4HI OKa3HUKU TPAHCHOPTHOTO 3ac00y MoOJepHI3aLil
CUCTEMH >KUBJICHHS.

OCHOBHOIO BIIMIHHICTIO MaTeMaTUYHOI MoJeli cucteMu ‘“TpaHCOpPTHUI 3acid — HABKOJIMILIHE
cepesoBHINE” Bil MareMaTU4YHOI Mojeli cucteMu “Bofiif — aBToMoOUIb — JOpOTra — HAaBKOJIHUIIIHE
cepenoBuine” € Te, MO0 B MaTeMaTHYHy MOJENb miacucteMu “[a3oam3ens i3 CHCTEMOIO
peryitoBaHHs YacTOTH OOepTaHHS KOJIHYacToro Baixy  OylM BHECEHI OTpUMaHl pPIBHSIHHS
TEMIIepaTypu BIANpPALbOBAaHUX Ta3iB 77 IHIUKATOPHOIO OOEPTAJIbHOIO MOMEHTY JBUTYHA Mi,
IMIIepuYHe pIBHSAHHS Koe(illeHTa BUTpaTH J03aTopa razy, a TakKoX OyJo BKIIOYEHO OJIOK
BU3HAUEHHS MIHIMAJIBHOT 30HU 3MIIIYBaHHS MOBITPS Ta ra3y y BIYyCKHOMY KOJIEKTOPI1 JBUTYHA, 10
JI03BOJISIE IOCTIKYBAaT AMHAMIYHI, €EKOHOMIUHI Ta €KOJIOT1YHI MOKa3HUKU TPAHCIOPTHOTO 3aco0y
3 YIOCKOHAJIEHOIO CUCTEMOIO >KUBJICHHS.

AHai3 pe3ynbTaTiB pO3paXyHKOBOTO TOCITIKEHHS MOKa3aB (puc. 2), 110 M 9ac BUKOPUCTAHHS
BJIOCKOHAQJIEHOT CUCTEMH >XUBJICHHS [BUTYHA NPUPOJHUM Ta3oM 13 Ta30BIIyCKHHUM MPHUCTPOEM
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MOPIBHSIHO 13 CHCTEMOIO >KHMBJICHHS JBUTYHAa MPUPOIHUM ra3oM 0€3 ra3oBIyCKHOTO MHPUCTPOIO
3MEHIIYIOTBCSI BUTpATH TpUpoaHoro razy Ha 4,2 % 3a 30epeXeHHS OJHAKOBUX IOKAa3HUKIB
MOTYKHOCTI, 1110 MPU3BOJUTH JI0 30UIbIIEHHS KoedillieHTa HaJAIUIIKy noBITps Ha 4,3 %, a B cymini
3 Ou3elNbHUM MamuBoM 110 3,4 %, y pe3yiabTaTi IBOTO TeMIlepaTypa BIANpallbOBaHUX TIa3iB
3menmmiacs Ha 1,9 %, ixas aumHICTh HA — 6,7 %, a KOHIIeHTpalia caxi Ha — 12,8 %.
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Puc. 2. 3anexnocTi koedillieHTa HAUTAIIKY TOBITPs ¢, AMMHOCTI K Ta KoHueHTpanii caxi C y BiAnpansoBaHUX ra3ax,
TEMIIEpaTypH BiANpanboBaHuX ra3is 7, Ta BUTpATH ra3y V, Bix 4acToTu oOepTaHHs KOJIIHYACTOrO Baja /1, Ta30Iu3es
SIM3-238

JlocnipkeHHs! AMHAMIYHUX MOKa3HUKIB TPAHCIOPTHOIO 3aco0y 3 ra3ou3esieM J0BEH, 1110 Mij
yac 3[1MCHEHHsS pO3rOHY MalllMHU Ha J0p031 3 acGalbTOOETOHHUM MOKPUTTAM 10 HIBUAKOCTI 60
KM/TOJI. BUTPATH TajauBa Jjisig MamuHu 3 Macoro 16 000 xr 3smenmuauck Ha 4,3 %, MIIAX 3a 4ac
posrony 3MeHmuBcs Ha 4,5 %. [Ipy bOMy €KOJIOT1UHI MOKa3HUKH MOKPAITUINCS B CEPETHHOMY Ha
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4,6 %.

[ligBuIeHHS €HEePreTUYHUX 1 €KOHOMIYHHUX MOKAa3HUKIB Ta307u3eJsi TPAHCIOPTHOTO 3aco0y
3YMOBJICHE MOKpAIICHHSIM IMOKa3HUKIB poO0YOro IUKIY, 10, Y CBOIO YEpry, 3yMOBJIEHO OUIbII
MTOBHUM IE€PEMILTYBAHHSM IOBITPS Ta razy y BIYyCKHOMY KOJEKTOp1 IBUT'YHA.

OTxe, IPYHTYIOUUCh HAa OTPUMAHUX pe3yJbTaTaX, MOKHA 3pOOMTH BUCHOBOK MO MiJBUILEHHS
TATOBO-IMHAMIYHUX, CEKOHOMIYHHUX Ta €KOJOTTYHUX TIOKAa3HUKIB TPAHCIOPTHUX 3aco0IiB 3
razofM3elieM 3 YAOCKOHAJIEHOI CHCTEMOIO JKUBJICHHS 3a BHUKOPHCTAHHS Ta30BIIyCKHOTO
IIPUCTPOIO.
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MACHINE-BUILDING AND TRANSPORT

A. P. Poliakov, Dc. Sc. (Eng.), Prof.; B. S. Maryanko

STUDY OF THE INFLUENCE OF IMPROVED POWER SUPPLY
SYSTEM, BY THE APPLICATION OF GAS INTAKE DEVICE, ON THE
GAS DIESEL ENGINE INDICES

The paper gives data on the efficiency of the gas intake device application in gas-diesel engines.
Mathematical calculations of the cycles are presented for diesel and gas-diesel engines with gas intake
device and without it.

Keywords: gas-diesel engine, natural gas, power supply system, carburation, gas intake device.

Reduction of operating costs is one of the tasks in the creation of new transport means or in
modernization of the existing ones. Experts believe that one of the trends towards operating cost
reduction is application of cheaper alternative fuel types. Natural gas is a real alternative to the liquid
motor fuel [1].

Application of natural gas as a motor fuel will make it possible not only to realize the required
number of transportations without changing operating costs but also to save a considerable amount
of liquid fuel to be used for other needs of the country.

Natural gas application as a motor fuel in spark-ignition engines does not require design
modifications but causes its power reduction, which is unacceptable for transport means.

Natural gas is the most expedient to be used in the vehicle diesel engine but the temperature of
natural gas ignition is higher than that of diesel fuel, which requires either installation of an additional
ignition system, which causes engine design modification, or supplying an inconsiderable amount of
diesel fuel as ignition dose to the cylinders.

The second method is more expedient to be used as its implementation does not require engine
design modifications while the engine maintains the ability of adequate operation only on a liquid
fuel.

The analysis of the existing diesel gas supply systems with external carburation has shown that
vehicles equipped with diesel power system, where gas is supplied to the inlet manifold under
excessive pressure, have higher dynamic, economic and ecological indicators compared to the
vehicles equipped with the diesel power system where gas is supplied to the inlet manifold of the
engine under vacuum.

The main disadvantage of the existing diesel power system with gas supplied to the inlet manifold
of the engine under excessive pressure is the difficulty of providing homogeneity of the gas-air
mixture and also its uneven distribution between engine cylinders. Therefore, to solve this problem, it
1s necessary to improve gas fuel power supply system of the engine in order to provide better
carburation process in the inlet manifold of a gas-diesel engine.

Carburation process has significant influence on the engine power cycle [1]. Its improvement
results in the increased fuel combustion speed, higher combustion efficiency and, consequently, in the
increased economic efficiency of the cycle. This is achieved by means of engine cylinders receiving
ready homogenous mixture. Therefore, no time is needed for mixing air and gas in the cylinder itself,
which will increase the speed and completeness of the chemical reaction of gas-fuel mixture
combustion.

It should be noted that unburned methane is found in the products of incomplete combustion
rather than carbon oxide. 1% natural gas content in the natural gas combustion products is
determined by heat losses caused by about 10% chemical incompleteness of g; combustion [1].

When considering the issue of mixing gas and air in gas diesel engines, the theory and practice of
gas combustion in burners and furnaces of industrial plants was used. The form of inlet manifold is
identical to that of the furnace burner mixer, and so the actual mixing processes could be considered
to be identical. Hence, the methods used for burner devices in order to improve carburetion could be
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also used in internal combustion engines.

The research has proved that carburation quality is influenced by a number of various factors that
were taken into account in development of the procedure for determining the minimal zone of mixing
gas and air in the inlet manifold of a gas-diesel engine [4]. The developed gas intake device is
proposed to be used instead of the common nozzle for supplying gas to the inlet manifold. The
analysis of the research results has shown that for complete mixing of gas and air at the minimal
distance in the inlet manifold of gas diesel engine SIM3-238 it is necessary to use a gas intake device
having four openings with the diameters of 7.4 mm located one opposite to another. Such number
and diameter of the gas nozzles provides uniform distribution of the natural gas both between the
units of the gas-diesel engine and between the cylinders, mixing zone being 270 mm instead of 1356
mm (almost 4 time reduction). This allows application of the proposed power supply system in the
transport means without design modifications of the engine intake system. The proposed procedure
makes it possible to determine special features of the gas supply nozzle and installation place of the
device for supplying gas to the inlet manifold of the gas-diesel engine.

For checking operability of such arrangement experimental studies of the improved power supply
system with gas intake device have been performed using gas diesel engine IM3-238.

During the experiment performed in accordance with JICTY 14846-81 [2] external and partial
speed as well loading characteristics of the engine were registered for diesel and gas-diesel cycles
operation.

Mi

Diesel cycle

1000 W

Gas-diesel cycle with >/%

gas intake device 14
//

800 /«\
600 ./{
v

Gas-die sg! cycle without ——

/ intake device

400 s
4 6 8Q. 10
kg/cycle
-------------- - diesel cycle; - - - - - - - - gas-diesel cycle;

-- -- -- -- -- -- - gas-diesel cycle with gas intake device

Fig. 1. Dependence of the indicator torque M; of gas diesel engine SIM3-238T"J] on the total cyclic fuel supply

As far as engine loading characteristics are concerned, during their investigation the values of the
indicator torque Mi were calculated for the determined rotation speed of the crankshaft of the gas
diesel engine, which were in the range of the engine speed modes. The analysis of loading
characteristics shows that indicator torque of the engine with the proposed power system is up to 2,8
% higher than that of the engine with the existing power system depending on the total cyclic fuel
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supply ¢ro (Fig. 1).
During experimental studies second stage of the low-pressure reducer was set for the initial

pressure p.,=104 KPa [4]. Total cycle supply g.:.; of gas and diesel fuel was adjusted so that
nominal power of the gas diesel engine would be equal to the power of the base diesel AM3-238.
Ignition dose of the diesel fuel was taken to be 30 % from the nominal diesel fuel supply during
gas-diesel engine operation according to diesel cycle as this value provides stable diesel fuel supply
at low rotation speed of the engine crankshaft.
Characteristic of the indicator torque Mi of the gas-diesel engine during gas-diesel cycle operation
with gas intake device was approximated by the polynomial of the third degree:

M;=96.7757448+104.2831671g, + 5.7450358¢.” — 0.52994964.°;

where g. — per cycle fuel supply.

Temperature 7r of the exhaust gases coming out of the left and right cylinder block remained
almost the same during experimental studies, which indicates a uniform natural gas distribution
between cylinder blocks of the gas-diesel engine by the gas intake device.

Temperature characteristic of the exhaust gases of the gas-diesel engine during gas-diesel cycle
operation with gas intake device was approximated by the polynomial of the second degree:

Tr=432.3274+0.302251¢,+10.4706 1 Go@—0.001726,°~0.09027G1o1a>+0.0006 1 7reurotar;

where g1 — total cyclic fuel supply; n., — rotation speed of the crankshaft.

These equations were used in the mathematical model of the “vehicle — environment” system
based on the mathematical model of the “driver — automobile — road — environment” system [3].
Mathematical model of the “vehicle — environment” system makes it possible to investigate both
engine operation indicators and vehicle speed indicators in operating conditions as well as to study
the influence of the modernized power supply system on dynamic, economical and ecological
performance of the vehicle.

Main difference of the “vehicle — environment” system mathematical model from the mathematical
model of the “driver — automobile — road — environment” system is as follows: to the mathematical
model of the subsystem “gas-diesel engine with crankshaft rotation speed control system” the
obtained equations were introduced: of the exhaust gas temperature 77, indicator torque Mi of the
engine, empirical equation of the metering valve flow coefficient as well as a unit of determining the
minimal air-gas mixing zone in the inlet manifold of the engine. This makes it possible to investigate
dynamic, economic and ecological performance of the vehicle with the improved power supply
system.

Analysis of the computational research results has shown (Fig. 2) that application of the improved
engine power system of natural gas supply with the gas intake device provides 4.2 % reduction of
natural gas consumption compared with that without gas intake device, power indicators being the
same. This leads to 4.2 % increase of the air excess factor and to 3.4 % increase of the air excess
factor in the mixture with diesel fuel, which results in 1.9 % reduction of the exhaust gas
temperature, 6.7 % reduction of its smokiness and 12.8 % reduction of soot concentration.
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Fig. 2. Dependencies of the excess air factor o, smokiness K and soot concentration in the exhaust gas C, exhaust gas
temperature 7 and gas consumption Vg on the crankshaft rotation speed n, of gas-diesel engine SIM3-238

Investigation of the dynamic performance of the vehicle with a gas-diesel engine has proved that
when a car is accelerated to the speed of 60 km / hour on the road with asphalt concrete pavement
fuel consumption for the car with the mass of 16 000 kg is reduced by 4.3 %, acceleration path is
reduced by 4.5 %. Environmental indicators have been improved by 4.6 % on the average.
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Energy and economic indicators of the vehicle gas-diesel engine were improved due to the better
power cycle indicators, which is the result of the increased completeness of mixing gas and air in the
engine intake manifold.

Thus, on the basis of the obtained results we can draw a conclusion that traction-dynamic,
economic and ecological performance of the vehicles with a gas-diesel engine equipped with the
power supply system that includes gas intake device can be improved.
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