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HEPEOBJAJHAHHSA IU3EJIA AJ151 POBOTHU HA ITPOITAH-BYTAHI

BupimryBanace mpo0OiiemMa 3MEHIICHHS COOIBapTOCTI MepeBe3eHb 3a paxyHOK BHUKOPUCTAHHS JIEIIEBIIOTO
MOTOpPHOTO nayBa. ['a30Bi manuBa (IPUPOIHUIA Ta3 Ta MPONAHO-OYTAaHOBI CyMIIlll) € NMEPCIeKTHBHIMH MOTOPHUMU
nanuBamy. TexHomorii nepeoOa HaHHs OCH3WHOBHX JBUT'YHIB Ha KHUBJICHHS TQ30BUMH ITaJMBaMU JaBHO i € mobpe
BiampanpboBaHuMH. Ha mepmomy erami pobit mepeoOnmagHano musens J[-243 B ra3oBHWil IBHT'YH 3 ICKPOBHM
3aNaTIOBaHHAM JUII pOOOTH Ha NIPHPOJAHOMY Trasi. JIeMOHTOBAaHO IW3ENbHY NAJIMBHY arapaTypy, BCTAHOBIICHO
€JIEMEHTHU CHCTEMH 3alaIIOBaHHS Ta ra30By MANUBHY anapaTypy, 3SMEHILICHO CTYIiHb CTUCKY ABUTYHA 10 12 OJMHUIIb.
[IpoBeneHo cTeHA0OBI BUNPOOYBaHHS JBUTYHA, B pe3yJbTaTi SKUX OTPHMaHI Oro HaBaHTAXyBaJIbHI Ta PETYJIIOBAJIbHI
XapaKTepUCTHKH. BcTaHOBIIEHO, IIO MOTYXKHICTh Ta30BOTO IBHTYHA Ha PiBHI 0a30BOTO AM3eNs, HOrO eKBiBaJeHTHA
BUTpara mamuBa 70 19 % Oimpmra B pe3ynbrari iforo poGoTu Ha OinbIl OaraTux cyMimax, CyMapHa TOKCHYHICTB
BIANIpaIlbOBaHKUX Ia3iB Maibke B JiBa pa3W MEHINA y IOPIBHSHHI 3 Ju3esieM. AJle IPUPOIHUNA ra3 Mae psii CYyITEBHX
HenomikiB. Tomy 3nilicHeHO mepeoOnanHaHHS ABUTYHa I PoOOTH Ha INPONaHO-OYTaHOBHX CyMimiax. AHami3
BJIACTUBOCTEH T'a30BHX MNajJMB II0Ka3aB, L0 IPONAH-OyTaH Mae€ MEHIIY JAETOHAWIWHY CTIMKICTh y HOpIBHSHHI 3
MIPUPOHUM T'a30M. 3aIliC CUTHAJTY JaT4nKa JeTOHALl] 3aCBiIYMB IIPO HASBHICTh IETOHAMIT IIPH PO3TOHAX ABUTYHA ITiJT
HaBaHTaKEHHAM. TOMy Ha OCHOBiI PO3paxyHKiB poOOYOro HUKIYy IBHTYHa BUOPAHO 3HAUEHHS CTYyNEHs CTHCKY 11.
3MEHILICHHS CTYIEHS CTUCKY BHKOHAHO BCTaHOBJICHHSM TOBCTIIIOI METaeBOi MPOKIAJKM MK J[BOMA LITaTHUMU
MeTanoa30ecToBUMH MpokiaakaMu. CTeHAOBI BHIPOOYBaHHS ABUTYHAa Ha NPONAH-OyTaHI MOKa3anH 30UIbIICHHS
CKBIBAJIEHTHOI BHUTpAaTH MalKMBa y MOPIBHAHHI 3 poOOTOI0 Ha MPUPOTHOMY Ta3 Ta Ha IHW3eIbHOMY manusi. Lle
TIOSICHIOETBCS POOOTOI0 JIBUTYHA Ha OUIBII OaraTWX IAJMBO-TIOBITPSHHMX cyMimax. IToTyHIiCTh Ha piBHI 6a30BOro
TTH3EIIS.

KorouoBi ciioBa: n1usenp, ra3oBuid IBUTYH, iCKpOBE 3allalOBaHHs, IPHUPOJHUH Ta3, MpornaH-0yTaH

BCTYII

BukopucTanHsi anbTepHATUBHUX BH[IB MANMBA € MEPCHEKTHBHUM LUISXOM J0 CKOPOUYCHHS BHKHIIIB
HIK{ITTMBUX PEYOBHH BiJl JIBUTYHIB BHYTpIlIHBOTO 3ropsiaHs (/[AB3), a mpupoanuii raz (I1I) € mposigHum
BapiaHTOM. BuKuIM 3a0pyAHIOIOYMX PEUOBHH BiJl 3TOPSHHA TPUPOJHOTO Ta3y HWXKYi, HDK BUKHIU BiJ
3ropsiHHs  OeH3uHy uM ju3enbHOoro maimBa [1], [2], 1 BiH MIMPOKO MOCTYHHHUE i3 PO3BHHEHOO
iHppacTpyKTyporo 30epiranus ta po3noainy. [1I" Takoxx MoXHa JIerko BUPOOIISTH 3 BiIHOBIIOBAaHHUX JDKEPET,
IO TapaHTye, IO TEXHOJOTis, po3podiena s [N, 3anumaTHMEThCs aKTyaJ bHOK, OCKUIBKH JH3eIbHE
najauBo Oy/ie 3aMiHEHO CTIHKHUM BiTHOBITFOBAHUM PECYPCOM.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IMPOBJIEMH

Kinbka HemaBHIX OB ImyOiiKalii BCTAHOBHWIIM CHIIbHI Ta ClIa0Ki CTOPOHM CYYacHUX JIBUTYHIB
BHYTPIIIHBOTO 3rOpsIHHSL, TpaIoYux Ha npupoadomy rasi [1], [3], [4], [5], [6], [7], Bxiodaroun neurymu 3
ickpoBuM 3anamoBanHaaM (Sl), nonanmuBHi (NG, nu3zens) i TeXHOJOTIT MPSIMOro BIPUCKYBAHHS BHCOKOTO
tucky (HPDI). [lyxe HU3bKI BUKHJIM MOXYTh OyTH jJocsrHyTi 3a gonomororo Texuonorii SI NG, ska
BHKOPHCTOBYE CTEXiOMETPUYHY POOOTY 3 3-KOMIOHEHTHHM Heirpanizatopom [8], ame mBurynun Sl Ta
JIBOTIJIMBHI JIBUTYHH MAIOTh BUX1JIHY MOTYXHICTh, OOMEXEHY JIETOHAIIEI0, i MAIOTh MEHINY e(heKTHBHICTh
MOPIBHSIHO 31 3BUYAHHMMHU JIM3ENbHUMH JIBUTYHAMH. JIBHTYHHM Ha Ta30BOMY NallMBI Ta Ta30au3edi
CTPaXXIAIOTh BijJl BUCOKUX BUKHUJIIB MEeTaHy [/], 110 MPU3BOIUTH IO 3HAYHOT'O BILIMBY NMAapHUKOBUX Ta3iB [1].
Texnonoris HPDI 3a0e3neuye BHCOKY MPOAYKTHBHICTH 1 BHCOKY €()EKTHBHICTb, aje¢ BUMAarae 3BHYAHHOI
TEXHOJIOT11 IOOYHUIIIEHHS TPOIYKTIB 3ropsSHHS 17151 KOHTpoJto BUKUIIB NOy 1 TBepanx yactTuHOK (PM). HPDI
TaKO)X BHMMAara€ BHCOKOTO THCKY BIOPCKYBaHHs mnpupoaHoro razy 300 Oap abo Oinpme [9], mo mae
HETaTUBHI HACHIJKU JJIsi OOPTOBHUX BUMOI 10 30epiraHHs MPHUPOAHOrO ra3zy Ta Iapa3UTHUX BTpAT Ha
CTHCHEHHS TIPUPOJIHOTO Ta3y.

Ane III' mae psi HEMOMIKIB: 3HAYHA Maca Ta30BUX OaJOHIB Ta 3MEHILIEHHS BHACIIAOK IHOTO
BaHTAKOCIIPOMOXKHOCTI aBTOMOOUISA; MeEHIIMH mpoOir aBTOMOOiNs A0 3ampaBKu; Oinblia BapTicTh
nepeobaHaHHS.

OIJIb TA 3AJAYI JOCJITKEHHSA

Metoto poOOTH € 3MEHIIEHHS COOIBapTOCTI IEepeBEe3eHb 3aCTOCYBAHHSIM JACLICBIIOrO MMalMBa Ta
PO3LIMPEHHS NATUBHOT 0a3u MiAIPUEMCTB aBTOMOOIIBHOTO TPAHCTIOPTY.

3aBmaHHsA POOOTH:

BHKOHATH IepeobIagHaHHs IBUTYHA IJIs1 POOOTH Ha MPOIaHO-0yTaHOBHUX CyMiIIax;
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BHUKOHATH €KCTIEPUMEHTAJIBHI TOCIPKEHHS Ta30BOT0 JBUTYHA 3 ICKPOBUM 3aIaJIFOBAHHSIM.

PE3VYJIbTATHU JOCJIIIKEHHSA

Ha mepmiomy erami Oyiio BUkoHaHe mnepeobnagaHanHs qusens J1-243 B ra30BUN JBUTYH 3 iCKPOBUM
3aMantoBaHHAM A7 poOoTH Ha mpupoaHoMy rasi. [TapameTpu 6a3oBoro nuzens mokasani B Taba. 1. Meroro
Oyno 3mificHHTH HaWmpocTime mnepeodIafHaHHSA, $SKe MOXXKHA BUKOHYBAaTH B YMOBaX HEBEITHKUX
mignpuemMctB. KoHBepTamiro au3ens 3AiHiCHEHO 3 MiHIMATbHUMH BHUTpPaTaMH KOIITIB 3a PaxyHOK
BUKOPHUCTAHHS CEPIHOr0 ra3oBOr0 OOJaIHAHHA, CEPiHOI CHCTEeMHM 3amalllOBaHHS OCH3MHOBOTO ABHIYHA
MeM3-245 i HeBeTMKUX 3MiH Y KOHCTPYKIIil ABUTYHA. 30KpeMa CTYIiHb CTUCHEHHS Oyi0 3MeHIIeHo 3 16 10
12 BCTaHOBJIEHHAM AOJATKOBHX MPOKIAIOK TOJOBKH HIIiHAPIB. ToMy € MOXKIUBICTh BIIHOBIEHHS POOOTH
3a IU3EJHLHUM TPOLIECOM.

Tabmuus 1 — IMokasuukn gusens J1-243

ITapametp 3HavYCHHS
HowmiHanbHa moTyKHich, KBT 59
Yacrora obepTaHHs IPY HOMiHAJBHINA OTYKHOCTI 2200
CTyIiHb CTUCKY 16
[TuToMa edekTHBHA BUTpaTa manwBa, Kr/KBT roj 0,238

ExcriepyMeHTaNIbHI JTOCII/PKEHHST Fa30BOI0 JIBUTYHA IMIATBEPIWIA HOTO MpPale3NaTHICTh B YChOMY
qiama3oHl IIBHIKICHUX 1 HABAaHTAXYBAIBHUX PEXHMIB i3 MaKCUMAaJIBHOI TIOTYXXHICTIO, OUNBINOI0 Ha
1,98...4,3 %, Ta BUIIOIO E€KBIBAJICHTHOIO MUTOMOIO €(EKTUBHOIO BHTPATOIO mMambHOTO 10 20,5 %, HiX ¥
JU3eIisl, TIPU BOMY CKJIaJ] Ta30MOBITPAHOI cyMmimni OMu3bKUH 70 crexiomeTpuuHoro. [lepea mpoBeneHHsIM
eKCIIEPUMEHTIB OyJI0 BU3HAYEHO 1 BCTAHOBJIEHO ONTUMAJIBHUI KyT BUIICPEKESHHS 3aIIaTIOBAHHSL.

Ha gpyromy erami 3a Ti€ro X caMOIO TEXHOJIOTIEI0 BHKOHAHE IMEpeoONaJiHaHHS AW3ENs B Ta30BUM
JBUTYH 3 ICKPOBMM 3alalllOBaHHSIM JUIs pOOOTH Ha TNpomaHo-OyraHoBHX cymimax (puc. 1). Bys
BCTaHOBJICHUH Ta30BUH PEAYKTOp JIsi CKPAIUIGHOTO HA(TOBOTO ra3dy, BUKOHAHO PETYIIOBAHHS CKIIAmy
CyMilli, BCTaHOBIIEHHI ONTHMAIBHAN KYT BHIICPEIDKCHHS 3allalIOBaHHA JJIsi POOOTH HA JaHOMY BHII
TaJmBa.

Pucynok 1 — I'a3oBuii OBUI'YH 3 ICKpDOBHMM 3amajllOBaHHAM, repeoOnagHaHuit 3 nusens J-243 mns
po0OTH Ha IPOMTaHO-0YTAaHOBHX CyMiIIax

PesyabTaTu gociinxedb. Oi3uKo-XiMiuHI BIIACTUBOCTI ra30BUX IaJUB HaBeaeHi B Ta0. 1.

3 tabnuni 1 BUAHO, 10 OCHOBHI NMOKa3HUKH NMPONaH-OyTaHy € NPUHHIATHUMHM [T HOTO BUKOPUCTAHHS
B SIKOCTI MOTOPHOTO NajKBa B MepeoONaJHAHMX 3 JU3ENIB ra3oBHX ABHI'YHaX. AJle OKTaHOBE YHMCIIO
MPOTaHO-OYTAHOBHX CYMIIlIeil MEHIIe, HiXK MMPUPOAHOro ra3y. ToMy Ha OJIOKY HITIH/PIB Ta30BOr0 ABHUTYHA
OyB BCTaHOBJCHWH nartymk jaetoHamii (puc. 2) i uepe3 ocmmiorpad Instrustar PC-Oscilloscope 0ys
30IACHEHUI Ha HOYTOYK 3amyc WOro CHrHaldy IpHU pO3TOHAaxX JABHIYHA MiJ HaBaHTaXeHHs. DparMeHT IHX
3aIKCIiB MMOKa3aHUi Ha puc. 3. MokeMo 0aYMTH HASIBHICTH JICTOHAIIIT.

Tabmui 1 — Di3uko-XiMIYHI MOKa3HUKK OCHOBHUX BYTJICBOJIHEBUX I'a3iB

TToka3Huk [TanuBo
Ilpuponuuii | Ilpomnan Bbyran JlnzenbHe manuBo (IS
ra3 MOPiBHSHHS)
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Hwxua Termora sropsuss, MJx/kr | 48,7 457 454 425
Hwxua TEeIoTa sropsaas | 3,11 (mpwu | 3,46 (npu | 3,41 (npm | 3,2
ManuBOMOBITPsAHOT  cymimi  mpu | 0=1,0) 0=1,0) 0=1,0) (mpm 0=1,2)

MEBHOMY 3HAYCHHI KoedillieHTa
HaIMIKY noBiTpst, MJx/m3

OKTaHOBE YKCIIO 110...130 105 94 -

Bynn BukoHaHI po3paxyHKH poOOYOro IMKIY ra3oBOrO0 IBUTYHAa Ha NPOINaH-OyTaHi NMpH Pi3HUX
3HAYEHHSX CTYIEHs CTHUCKY, OCHOBHI pe3yNbTaTH SIKUX IMOKa3aHi B Tabn. 2. Po3paxyHkwm BHKOHaHI st
KoedilieHTa HaUUMIIKy moBiTps 1,15 Ta xoedimienTa BukopuctaHHs temia 0,8, 3HaueHHS TemIepaTypu
po0OYOro Tijia HIIPUKIHLI 3rOPSHHS B ra3oBOMY ABHIYHI OibIIi, HDX B OU3eNs , ajie HE IEPEBHLIYIOTh
JONMYCTUMHX 3HA4YEHb IS IBUTYHA 3 ICKPOBHM 3allallOBaHHAM. BCTaHOBIEHO, IO JOULTBHUM 3HAYEHHSAM
CTyTICHS CTHCKY € 11.

Tabmurs 2. 3aneHoCTi NOKa3HUKIB ra30Boro nuryHa J[-2431 Bix cTyneHs CTUCKY

IToka3Huk CTyniHb CTUCKY
€=10 =11 €=12
EdextruBHa OTYXKHICTH, KBT 56,3 59,1 61,6
[TuToMa edekTHBHA BUTpaTa maiuea, Kr/KBT roj 0,277 0,265 0,255
TucK B HaANOPIIHEBOMY NPOCTOPi HAIIPUKiHLI 3ropsiHus, MIla 3,6 4,1 4,6
Temnepatypa poOoUOro Tija HaPHKIHIN 3ropsiHHs, K 2125 2149 2170

ByB mpoBeneHmii Tepiiuii eTam CTEHJOBHX BHIIPOOYBaHb JBUTYHa Ha mpomaH-Oyrani. Ilig dac
JOCHIDKeHb BMU3HAYAINCh: CHJIA, KA CTBOPIOE HABAHTAXXCHHS Ha JIBUTYH, Yac BUTPATH JO3U NajHBa Ta
KOoeilieHT HAANMIIKY MOBITPs o. [ami po3paxyHKOM 3a BiJOMHUMH 3aJIeKHOCTSIMHA BHU3HA4YaBCsl KPYTHHH
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MOMEHT JIBHIyHa, €()eKTHBHA IMOTYXXHICTh Ta TOAMHHA BHUTpara manuBa Gm (tabm. 3). [ns BU3HAYCHHS
KoeQili€HTa HAJIUIIKY MOBITPS 0 Y BUXJIONHIM TpyOi OyB BCTAaHOBJICHHUIM KUCHEBHI NaTUuK (puc. 4), CUrHaI
SIKOTO BUBOJMBCSA Ha HOYTOyK yepe3 koHTpoiep STAG AFR mmpokomnosocHoro A - 3o0Hzaa. [leToHarris
JIBUTYHA BiJICYTHSI.

Tabmuns 3 — PesynpraTi cTeHI0BHX BUNPOOYBaHb ra30BOTO ABUTYHA

[Toxaznuk EdexTrBHA NOTYXHICTH, KBT
6,0 10,0 21,0 31,0 35,0 42,0
G,, xr/rox 41 50 7,0 8,1 10,0 11,2
o 1,03 1,15 1,15 1,15 1,15 111

.
X e
PucyHok 4 — BcTaHOBJICHHS JaTYMKa BUTBHOTO KUCHIO Y BUXJIOIHIN TPyOi ra30BOr0 JIBUT'yHA

3MeHIIeHHs CTYIeHs CTHCKY ra30BOro JBHTYHA 3 12 g0 11 BHKOHAaHO BCTaHOBJICHHSM TOBCTIIION
METaJICBOI MPOKJIAJIKU MK JIBUMA ITATHUMHU METaI0a30€CTOBUMH NPOKIaIKaMU, SIK TIOKa3aHO Ha puc. 5.

D

|

R

—

MLLL

Pucynok 5 — BctaHOBNIEHHS JOJJaTKOBOT MIPOKJIAIKK TOJIOBKH HUTIHIPIB

[MotyxHicTh NBUTYHA TIpU POOOTI Ha TIpomnaH-OyTaHi 3aIMIIMIACE Ha PiBHI 6a30BOrO nu3elns. Butpara
najmBa € aeno Oinpmoro. Lle mosicHIoeThCst pOOOTOI0 Ta30BOT0 IBUTYHA HA OUIBII OaraTux CyMiliax.

OBI'OBOPEHHHA PE3YJIBTATIB

la3oBi manmBa (MPUPOAHUI Ta3 Ta NPOMAaHO-OyTaHOBI CyMillll) € MEPCHEKTHBHUMH MOTOPHHMH
naymBamu. [Iponan-OytaH Mae psyi mepeBar Iepes] MPUPOJHUM razoM. TexHonorii mepeoOnagHaHHS
OCH3MHOBUX JBUTYHIB Ha JKUBJICHHS HPONaHO-OyTaHOBMMH CyMilIaMu Bifiomi mme 3 70-X pOKiB MHHYJOTO
CTOJNITTS 1 € J00pe BiANpalbOBaHUMH. AJie 3apa3 Ha BAaHTRKHUX aBTOMOOLISIX i aBTOOycax IMepeBakKHO
BCTAHOBJIIOIOTBCS Ju3eii. | SKIIO JOCHIKCHHIO Iepeo0siafHaHUX 3 JM3eiB Ta30BHX JIBUTYHIB Ha
MPUPOAHOMY Ta3i BXKe MPUCBSUYEHA MEBHA KiIBKICTH POOIT, TO JOCHIHKEHHS TaKUX IBUTYHIB Ha HpOTAaH-
OyTaHi IpakTHYHO BiAcyTHi. Lle miaTBepaKye akTyaabHICTh JAHUX JOCTIIXKCHb.

BUCHOBKHN
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1. AHami3 BIACTUBOCTEH MPOIaH-OyTaHy IOKa3aB, IO BIiH € XOPOIIMM TMAJIMBOM JUIsI JBHUTYHIB 3
ICKPOBHUM 3aIlATIOBAHHSM 3 BUCOKHM CTYIICHEM CTUCKY. BUKOHaHO niepeoOialHaHHS JU3elisl, BCTAHOBJICHOTO
Ha CTCHJIi, B Ta30BHI JIBUTYH 3 ICKPOBUM 3alaJIFOBAHHSM JJIs1 POOOTH Ha IpONaH-0yTaHi.

2. PesynpTatH CTEHAOBUX BHUIPOOYBaHb JBHTYHA Ha IMPOIMAHO-OYTAaHOBUX CyMIIIaxX MiATBEPIIN
poboTo3maTHICTh Ta3oBoro naBWryHa. OTpuMaHi €HEpreTWYHI Ta MalIWBO-€KOHOMIYHI ITOKa3HHUKH
MIATBEpIUIN JOIUIBHICT, TepeoOnamHaHHs au3eiiB s pobotm Ha mnpomaH-Oyrani. Lle mo3BommTh
3MEHIIUTH COOIBapTICTh NMEPEBE3CHb 32 PaXyHOK BHKOPUCTAHHsI JCIIEBIIOrO majanBa. HacTymHuMm etamom
poOIiT € OTpUMaHHS XapaKTEPHCTUK [BUTYHa 3 3aMipOM KOHIIEHTpAlii WIKiJTUBUX PEYOBUH Y
BiAMpaIlbOBaHUX ra3ax.
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V. Zakharchuk, O. Zakharchuk, V. Shvabyuk, V. Yaroschuk. Conversion of a diesel engine to
operate on propane-butane
The problem of reducing transportation costs by using cheaper motor fuel was addressed. Gaseous
fuels (natural gas and propane-butane mixtures) are promising motor fuels. The technologies for converting
gasoline engines to run on gaseous fuels have been well-developed for a long time. At the first stage of the
work, the D-243 diesel engine was converted into a gas engine with spark ignition to operate on natural gas.
The diesel fuel system was removed, ignition system components and gas fuel equipment were installed, and
the engine's compression ratio was reduced to 12. Bench tests of the engine were conducted, during which its
load and control characteristics were obtained. It was found that the power of the gas engine remained at the
level of the base diesel engine, its equivalent fuel consumption was up to 19% higher due to operation on
richer mixtures, and the total toxicity of exhaust gases was almost twice as low compared to the diesel
engine. However, natural gas has several significant drawbacks. Therefore, the engine was converted to
operate on propane-butane mixtures. An analysis of gaseous fuel properties showed that propane-butane has
lower detonation resistance compared to natural gas. The knock sensor signal recording confirmed the
presence of detonation during engine acceleration under load. Based on engine cycle calculations, a
compression ratio of 11 was selected. The compression ratio was reduced by installing a thicker metal gasket
between two standard metal-asbestos gaskets. Bench tests of the engine running on propane-butane showed
an increase in equivalent fuel consumption compared to operation on natural gas and diesel fuel. This is
explained by the engine running on richer air-fuel mixtures. The power remained at the level of the base
diesel engine.
Keywords: diesel, gas engine, spark ignition, natural gas, propane-butane.
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