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A0 OUIHKK BNNMBY CTYNEHA CTUCKY
HA NOKA3HUKU TA30BOIo ABUIN'YHA

TO ASSESS THE IMPACT OF COMPRESSION RATIO ON
GAS ENGINE PERFORMANCE

Anomayis. [IpupodHull 2a3 Ha cb0200HI € HALIBINbW pearbHUM 3AMIHHUKOM pidkux Haggmosux naaus. OCHO8HUMU 11020 nepe-
8azamu € 8e/AUKi NpupodHi 3anacu, 3HQYHO HUXC4I 8UKUOU 3a6pYOHI0B8AIbHUX PEHOBUH, 0 MAKOXC 8UCOKI AHMUJemoHayltiHi
s/1acmusocmi. Ase nid yac pobomu Ha CMUCHYMoOMy npupodHOMY 2a3i nomyxicHicms dguayHa 3Huxcyemucs Ha 15-20% uepes
HU3bKY eHep20EMHICMb 2a30n08IMPSIHOI cyMiwi ma 3MeHWeHHSI HANOBHEHHS YUAIHOpi8 nogimpsm, wo npuzeodums 00 3HU-
JHCeHHS1 IHOuKamopHux ma edheKmueHUX NOKA3HUKI8 08U2yHA | BHACAIOOK Yb020 NO2ipUWEHHS Ms2080-WBUJIKICHUX 81ACMUB0-
cmetl ma npodyKmueHocmi 2a306a/10HHUX Aa8MoMo6iiie. Bucoki anmudemonayitini e1acmugocmi npupodHo2o 2a3y 00380.15-
omb noainwumu iHoukamopHi ma efpekmugHi nokasHuku dsuayHa nid yac pobomu Ha npupodHOMy 2a3i nid8uUUweHHAM cmy-
nema cmucky & . IIposedeHi ekchepumenmavHi docaioxcenHs deuzyna 84100/95 i3 pisHuUMU 3HAYEHHAMU & 8 yMO08aX po-
60mu Ha cmucHymomy npupodHoMy 2a3i 8 ycboMy dianaszoHi WeUIKICHUX | HABAHMANCYB8ANbHUX PeNHCUMIB, KI nokasa.u niod-
BUWEHHST MAKCUMA/AbHOI NOMyXCHOCMI 08U2yHa Ma 3MeHWeHHs eumpamu naausd 3a ymMosu 30i/16WeHHs1 CmyneHs CMUcky.
3MmiHa & 3ab6e3nevysanacs 8UKOPUCMAHHAM 20/1080K YUAIHOpI8 i3 pi3HUMU 06’ emamu Kamep 320paHHs. [IpoananizoeaHo ma-

KOJHC 6N/1U6 HA eK0N02I1HI NOKA3HUKU J8U2YHA ONMUMAAbHUX Kymig eunepedyceHHs 3anaaioeanHs 6 , ski cymmego 6idpizHs-
omucst 044 pisHux £ . Ompumai 3anexcHocmi 0038011msb npogecmu nodaAbWi 00CAI0HCeHHS 8NAUBY € HA NOKA3HUKU 2A30-
8020 dsuzyHa. Taki docaidxiceHHsI NAaHYEMbCS BUKOHAMU HA MAMeMamuy4Hitl Modei po3paxyHKy po60o4020 npoyecy 8 Hadno-
puwHesiil nopoxcHUHI yuaiHdpa.

Knawuosi cnroea: cmuchymuil npupodHutl 2as, easzosuli d8ugyH, cmyniHb Cmucky, eHepeemu4Hi NOKA3HUKU, sumpama nauea,
moKcu4Hicmb 8idnpaybo8aHux 2asis.

Abstract. Natural gas is currently the most realistic substitute for liquid petroleum fuels. Its main advantages are large natural
reserves, significantly lower emissions of pollutants, and high anti-knock properties. However, when operating on compressed
natural gas, engine power is reduced by 15-20% due to the low energy density of the gas-air mixture and a decrease in the
filling of the cylinders with air, which leads to a deterioration in the indicator and effective performance of the engine and, as a
result, a deterioration in the traction and speed properties and performance of gas-powered vehicles. The high anti-knock prop-
erties of natural gas allow improving the indicator and effective performance of the engine when operating on natural gas by
increasing the compression ratio. Experimental studies of the 8Ch100/95 engine with different values when operating on com-
pressed natural gas in the entire range of speed and load modes were conducted, which showed an increase in maximum engine
power and a decrease in fuel consumption with an increase in the compression ratio. The change was provided by the use of
cylinder heads with different volumes of combustion chambers. The influence on the environmental performance of the engine
of the optimal ignition advance angles, which differ significantly for different, was also analyzed. The obtained dependencies
will allow further research into the influence on the performance of the gas engine. Such research is planned to be performed
on a mathematical model of calculating the working process in the superpiston cavity of the cylinder.

Keywords: compressed natural gas, gas engine, compression ratio, energy performance, fuel consumption, exhaust gas toxicity.

Bcryn
Cepen, OCHOBHMX IepeBar IpPUPOJHOTO
rasy, siki po6JisiTh HOro Halbi/IblI pealbHUM

3aMiHHUKOM pPiJIKUX HaQTOBUX NaJIMB, BAPTO BHU-
JIJINTH BUCOKIi aHTUAeTOHAIilHi BJlacTUBOCTI. e
Jl03BOJISIE MOJIINIIKUTU ePEKTUBHICTL PO6OYOTro
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npolecy ABUTYHA 32 PaxyHOK MiJiBULEHHS CTy-
MeHs CTUCKY.

OcHoBHa yacTHHA

Anani3 niaxiB nifiBuileHHSI epeKTUBHOCTI
BUKOPHUCTAHHA CTUCHYTOI'O IPUPOJHOIO rasy gk
MOTOpPHOI'0O NaJ¥Ba JJid JBUCYHIB aBTOTPAHC-
NOPTHUX 3aco6iB [1] mokasye, 1110 HAMOGIIbII K-
pPOKO NPUPOAHUM Ira3 3aCTOCOBYIOTh Ha aBTOMO-
6i151X i3 cepiiHMMMU OEH3WMHOBUMU JIBUTYHAMHU 3
JOATKOBO BCTAHOBJIEHOK Ta30BOI0 CUCTEMOIO
YKWBJIEHHS 3 MOXKJIUBICTIO MpaLl0BaTHU K Ha OeH-
3WHI, TaK i Ha rasi. Xoua 1e# cnoci6 i Mae HU3KY
6e33anepeyHux IJIIOCIB, OJHAK HOro 3acToCy-
BaHHA He JI03BOJISIE IOBHOK MipOX0 BUKOPHUCTO-
BYBaTHU INepeBard BHUCOKOrO OKTAaHOBOTO 4YHCJA
(monaa 105 oavMHUIL) IPUPOJHOTO rasy.

[TopiBHAMBHI AOCTiP)KEHHS aBTOMOOi/15 Ka-
Teropil N2 nig yac po60TH Ha Ge€H3UHI i CTUCHY-
TOMY IPUPOAHOMY rasi B YyMOBax MiCbKOI'O pyXy
[2] nnpoaeMoHCTpyBasM, L0 BUKOPUCTAHHSA
IPUPOJHOro ra3y Ja€ 3MOory 3MeHIUUTH CyMapHi
(3BegeHi A0 okcuay ByrJenip CO) BUKUAW Ha 8-
20% 3a paxyHok cyTtteBoro (y 3,04-5,59 pa3za)
3HMXKeHHA BUKUJAIB CO. BuKugu ByTIJIeBOJHIB
CmHn, 1 okcufiiB a30Ty NOx, a TAaKOXK NTAJIMBHA €KO-
HOMIYHICTb 3a €KBiBaJIECHTHOIO IMTOMOI BUTpaA-
TOI0 GJIM3bKI B yCbOMY Jiala30Hi 3aBaHTaXKeHHS
aBTOMOGiJS.

OpHak mif; 4ac po60TH HA CTUCHYTOMY MPU-
POIHOMY rasi NOTY>KHIiCTb JBUTYHA 3HUXKYETbHCS
Ha 15-20 % 4yepe3 HU3bKY €HEPTOEMHICTb Ira3o-
NOBITPAHOI CyMillli Ta 3MEHIIIeHHA HallOBHEHHA
nUaiHApiB noBiTpaM. lle nmpusBoAUTHL O 3HU-
>)KeHHS IHJUKATOPHUX Ta ePEeKTUBHUX NNOKA3HU-
KiB JIBUTYHA I BHACJIJO0K L[bOTO MOTipLIEHHA TH-
rOBO-IIBU/IKICHUX BJIACTUBOCTEN Ta MPOAYKTUB-
HOCTi ra306a/IOHHUX aBTOMOOIJIIB.

OpHUM 3i cmoco6iB MoJiinieHHs iHUKaTO-
pHUX Ta epEeKTUBHUX MOKA3HUKIB JBUTyHA Mif
yac po60TH Ha NPUPOJHOMY rasi € MmiJBULIEHHS
CTYIEHS CTUCKY & .

JlocnipkeHHA 1110410 BIJIUBY CTYIEHS CTU-
CKy Ha epeKTHBHI IOKa3HUKU JBUTYHIB 3 iCKpO-
BUM 3ala/Il0OBaHHAM BUKOHYBaJIM YUMaJIO aBTO-
piB [3]. OaHaK KOMIJIEKCHA OLiHKa BIJIUBY 30i/1b-
IIeHHA & Ha BUTpPATY NaJiMBa Ta €KOJIOTIYHI I0o-
Ka3HUKU ra30BOr0 JABUTYHA Ta ra3o00aJIOHHOTO
aBTOMOOIJI B eKCIJIyaTallilHUX YMOBaxX MPOBO-
JINJIaCh HEOCTATHBO.
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Tomy Ha mepuiomy eTarni 6y/M NpoBeJeHI
eKCllepUMeHTaJlbHi JocaifKeHHs e(peKTUBHUX
Ta €KOJIOTYHUX TOKA3HUKIB JBUT'YHA 3 iICKDOBUM
3anasoBaHHaM 84Y100/95, koHBepTOBaHOro 3
©6eH31HOBOTrO /151 pO60TH Ha CTUCHYTOMY NIPUPO-
JIHOMY rasi, 3 pi3HMMU 3HaUYeHHSAMH € (£ =6,5; ¢
= 7,11 &= 8,0) nig yac pob0TH Ha CTUCHYTOMY
NpUPOAHOMY rasi B yCbOMY AianasoHi WBUJIKIC-
HMX | HaBaHTaXXyBaJIbHUX peXHUMiB. 3MiHA CTy-
IleHs CTUCKYy /[ BUTYHa 3JiMCHIOBasacd LIJIAXOM
3MiHM TOJIOBOK LMJIHAPIB, KaMepU 3TropaHHA
sIKUX 3a6e3Me4yyBaJiv BiJilIOBiJHI 3Ha4eHHA & .

Ax npukaag Ha puc. 1 noka3aHi HaBaHTa-
’)KyBaJIbHI XapaKTepUCTUKHU LIbOTO JBUI'YHA 3 pi3-
HUMU CTyNEeHSIMM CTUCKY [Jil 4acTOTH 006ep-
TaHHA na = 2000 xs1.

/11 BUBHAYEHHA XapaKTepUCTUK BUKOPUC-
TOBYBaJIUCb aBTOMAaTU30BaHUW TraJbMiBHUM
cteHg SAK 670, koMIJieKc razoaHasi3yro4oi amna-
patypu (rasoanajis-zatopu 1020A01M (CO,
CH), INFRALYT-2T1(CO, COz2), Sincro (CO, COz, CH,
02), 344XJ1-01 (NOx)).

BuTpaTa noBiTps BUMiploBasiach poTallii-
HUM JIiYMJIbHUKOM rasy PI'-600.

BuMiproBaHHA BUTpaTHU NPUPOJHOTO rasy
IPOBOAMJIOCA NMPAMHUM LIJIAXOM 3a JOIOMOIOIO
poTauiiHoro JiynabHuKa rasy PI'-40 i3 noganb-
LIIMM BU3HA4Y€HHAM MacOBOl BUTpPATH 3i 3BeJleH-
HAM /10 HOPMaJ/IbHUX YMOB 3 YpaxyBaHHAM THUCKY
Ta TeMIlepaTypy Ha BXOZAl A0 ra3oBOr0 JIIYUJIb-
HUKa.
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Puc. 1. HaBaHTaxXyBaJIbHi XapakTepucTuku ABuryna B4 100/95
(e £=65——¢e=71;—-— £=8,0)

Ax BUAHO 3 pMC. 1, 36i/bllIeHHS] CTyneHs
CTUCKY 3 6,5 g0 8,0 nmifgBuUlyE MaKCHUMaJbHY MO-
TYKHICTb ABUTyHA Ha 19,3 %, BogHOYacC Lie mij-
BUIIEHHS He NpomnopliliHe £ : 31 3MiHOWO € 3 6,5
Ha 7,1 MakcuMaJibHa MOTYXHICTb 3poc/ja Ha
11,8 %, Tozi sk 36inbeHHsa € 3 7,1 go 8,0 npu-
3BeJIO [0 3pOCTaHHA MAaKCUMaJIbHOI MOTYHOCTI
Ha 7,5%. O4eBUHO, 1110, KPiM CTYNEeHS CTUCKY, Ha
epeKTHBHI Ta €eKOJIOTiYHi MOKa3HUKHU JBUTyHA
BIIMBaIOTh iHWI pakTopu, 30KkpeMa dpopMa Ka-
MepH 3ropaHHs, a TAKOXX KOHCTPYKTHBHI 0C00/11-
BOCTI rOJIOBOK LJUJIiHAPIB. [Ipo 11e cBiAYUTE i TOU
daxT, 1110 32 yMOBHU OJJHAKOBOI'0 CKJIaJly ra3ormno-
BiTpAHOI cyMilli 3Ha4eHHA ONTUMAJIbHUX KYTiB

BUIEpe/>KEHHS 3ala/ItoBaHHA # CYTTEBO Bifpi3-
HAKTbHCSA IJ15 Pi3HUX £ .

Haib6inbiii 3HavyeHHs 6 XapakTepHi AJs
JIBUTYHA 3 &= 6,5, 10 1 00YMOBJIIOE HAWBHUIILI
3HAaYeHHs KOHIeHTpauii okcupiB a3zoty NOx y
BiAnpanboBaHuX rasax. [I[pyuyrvHoO0 MigBUILLEHUX
KOHI|eHTpalil ByraeBoAHiB CmHn ABUTYHA 3 € =
6,5 TakoX € 6i/bLI paHHE 3anajl0BaHHA. Xapak-
Tep 3MiHU BMICTY IHIIMX NPOAYKTIB 3rOpaHHA Yy
BiZimpanboBaHUX rasax OJIMU3bKUU JJis BCiX 3HA-
YeHb €.

KoHueHTpanii 3a0py/iHIOBaJIbHUX PEYOBUH
y BifilpanbOBaHUX ra3ax, BUTPATH NOBITP4 i IpU-
POJHOrO ra3y B HaBaHTaXXyBaJIbHUX peXUMax y
niamasoni 4actor 1200-2800 xB! onwucadi
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NOJIiIHOMiaJIbLHUMU 3aJIEXKHOCTSIMU JIPYTOTO CTYy-
NeHsl, BU3HAaYEHUMHU 3a pe3yJibTaTaMHM eKCIepH-
MEHTIB, 3aJIe?)KHO BiJi 4aCTOTH 0OepTaHHS JBU-
TryHa Ta PO3pi/PKEHHs y BIYCKHOMY TPyb6Ompo-
BOJ|.

3araJibHUM BUTJISIJ MMOJIIHOMiaJIbHUX MoOJe-

v

JIEH:
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X:co+c -nd+cz-Apk+

1
2
+Cll +012

Jle cij — KoeilliEHTH MoJIiIHOMIaJIbHUX MO/ie-
JIEU.

Ax npukaazg y Ta6s. 1 HaBeJeHi 3Ha4YEeHHS
koedilieHTIB /1/11 MOKa3HUKIB ra30BOTO JIBUTYHA
3 ¢=7,1.

~n02+022~Apk -Apk ‘n,

Tabauys 1
KoedinieHTH nostriHoMia/IbHUX MoAeJied AJis1 pO3paxyHKY NOKa3HUKIB
ra3oBoro ABuryHas ¢ =7,1
KoedinieHTHn CepeaHbo-
KBajpa-
Iloka3sHUK THYHEe
Co C1 c2 Ci1 C22 C12 Bi,Z[XI/IJIEH-
HA O
Burpara 0,655 |0,729 E-2 |-0,806E-2| 0,829E-6 | 0,849E-3 | -0,134E-3 0,138
rasy, Kr/roj
BuTpara no-
BiTp4, -0,818E-2 0,145 0,669 |0,713E-5| -0,310E-2 | -0,201E-2 2,03
Kr/rop
KoHueHTpanisa
CO, %
Apx=20...60 0,795 |-0,438E-3|-0,216E-1| 0,152E-6 | 0,244E-3 0,11E-6 0,024
klla
CO, %
Apk=8...20 0,421 0,14E-2 | 0,622E-1 |-0,179E-6| -0,595E-2 | -0,257E-4 0,05
klla
CmHn, MaiH1 298,99 -0,253 -4,511 |0,645 E-4 0,108 0,75E-3 3,23
NOx, myia1 982,86 0,199 29,06 |-0,994E-5| -0,926 -0,297E-2 41,7
CO2, % 5,9 0.397E-2 | -0,25E-1 | -0,11E-5 | -0,185E-2 | -0,455E-4 0,173
BHCHOBKH 2. Gytarevich U. F,, Mateichik V. P, Klimenko O. I.

OTpuMaHi 3aJIe’)KHOCTI [03BOJIATH IMpPOBe-
CTH NOJaJIbLIi JOCIIPKeHHA BIJIMBY & Ha IIOKas-
HUKM ra3oBoro ABuryHa. Taki gociijpKkeHHd nia-
HY€TbCA BUKOHATU Ha MaTeMaTHU4YHIU MoJeJi po-
3paxyHKy po60o4oro mpolecy B HaJ|IOpLIHEBii
NOPOXXHUHI LIUJIIHApA.
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