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Abstract. The influence of the synthesis gas additive on the rate of pressure rise during combustion has been
considered. The aim of the research is the study of the operation parameters of the engine with spark ignition using
the synthesis gas additives to petrol. The performance of the engine with spark ignition and external mixture formation
running on petrol with synthesis gas additives is experimentally studied. The experimental indicator diagrams, as well
as the dependences of the rate of pressure rise at different synthesis gas additives are obtained. The influence of the
synthesis gas additive on the indicator engine performance is shown. The research results can be used to develop
recommendations for the design of engines running on the petrol with synthesis gas additives. The determined
regularities allow using the synthesis gas as an additive to petrol.

Keywords: synthesis gas; indicator diagram; internal combustion engine; workflow parameters; engine operation
rigidity.

AnHoTanus. [IpencraBneHsl pe3yabTaTsl SKCIIEPIMEHTAIBHBIX HCCIIETOBAHNN PaOOTHI ABUraTEINs C HICKPOBBIM 3a5KH-
raHHEeM U BHEITHUM cMeceo0pa3oBaHHeM Ipu paboTe Ha OeH3KMHE ¢ JoOaBKaMH CHHTe3-ra3a. [1omyueHsl skcriepuMeH-
TaJIbHbIE MHANKATOPHbIE TUAarPaMMBl, a TAKXKe 3aBUCUMOCTH CKOPOCTH HapaCTaHWs JaBJICHHs IPH Pa3HbIX JoOaBKax
cuHTe3-ra3a. [lokazaHo BIusHHE 100aBKU CHHTE3-Ta3a Ha HHANKATOPHYIO paboTy IBHIraTels.

KiroueBrble ciioBa: CHUHTE3-Ta3; MHAUKATOpHad AuarpaMMa,; IBUrarejiib BHYTPEHHETO CropaHus; mapaMeTphl pa60qero
mponecca; KECTKOCTh pa6OTI)I JABHUIaTCIIs.

AHoraniss. HaBeseHo pes3ysibTaTi eKCIepUMEHTAIbHUX JIOCIIDKEHb POOOTH ABHTYHA 3 ICKPOBHM 3allallOBAaHHSIM
1 30BHIMIHIM CyMILIIOyTBOPEHHSIM IIPH pOOOTI HA OEH3MHI 3 JIOaBaHHAM CHHTE3-razy. OTpUMaHO eKCIIepUMEHTaIbHI
IHIMKATOPHI JllarpamMu, a TaKOX 3aJIS)KHOCTI MIBUAKOCTI HAPOCTAHHS TUCKY 3a PI3HUX J0/1aBaHb cuHTe3-Tasy. [Tokaza-
HO BIUTUB JI0/IaBaHb CHHTE3-Ta3y Ha iHJMKaTOpPHY pOOOTY JBUTYHA.

KuarouoBi ciioBa: cuHTe3-ra3; iHAUKAaTOpHA JiarpaMa; ABUT'YH BHYTPIIIHBOTO 3rOpaHHs; apamMeTpu pododoro mpo-
1IeCy; JKOPCTKICTh pOOOTH JIBUTYHA.
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IHOCTAHOBKA IMPOBJIEMbI

B coBpeMeHHOM IBUTATENECTPOCHUH 0CO0OE BHU-
MaHHE YICISCTCS WCCICIOBAHUIO HCIOIH30BAHUS allb-
TEPHATHBHBIX BHIOB TOIUIMBA, MOIXYYCHHBIX H3 B0O300-
HOBIISIEMOTO CHIphsi. OJHUM W3 TICPCICKTUBHBIX BHUJIOB
TOILTNBA SIBJSICTCS CHHTE3-Ta3. B cBoeM cocTaBe CHUHTE3-
ra3 MMECT 3HAYUTEIHHOC KOJIUYECTBO BOJOPONA, YTO
1 00yCJIOBJIMBAaET OCOOCHHOCTH €ro MPUMCHCHUS B JIBU-
rarensx. [IpuMeHeHHe CUHTE3-Ta3a, KaK U YUCTOTO BO-
JI0pPO/ia, B KAYECTBE TOIUIMBA IPUBOIAUT K HEKOTOPOMY
CHMIKCHHUIO MOIIMHOCTU KOHBCPTUPOBAHHOI'O JBHUIATCIIA
(B GOMbBIIIEH CTETIEHN ATO CBA3AHO C HU3KOU MIOTHOCTHIO
CHHTE3-Ta3a), 4TO He BCEerJa MpHUeMIIeMO ISl TOTpedH-
Teist. PemmTe 3Ty mpoOieMy MOXKHO MyTeM YacTHYHON
3aMeHBl HE(PTAHOTO TOIUTMBA JO00AaBKAMH CHHTE3-Ta3a
Ha OONBIINX HATpPy3Kax paOOTHI ABUTATEIS, IPU MAaIbIX
’Ke€ — IOJIHOW 3aMEHBI Ha CUHTEe3-ra3. JI00aBKU CHHTE3-
raza, 6e3yCIIOBHO, OKa3bIBAaIOT CBOC BIHMSIHUE HA pabounit
MIPOIIECC JIBUTATEIIS B IIEJIOM U Ha CKOPOCTh HapacTaHUs
JaBIeHUSI (’KECTKOCTh pabOTHI IBUTATENS) B YACTHOCTH.

AHAJIN3 MMOCJIEJJHUX
NCCJIEJOBAHUM U ITYBJINKALIUIA

B cBsi3u C JIOCTaTOYHO WIMPOKOM CBHIPHEBOI 0a30it
CUHTE3-Ta3 BBI3bIBACT OOJBIIONH HMHTEPEC B KayecTBE
ansTepHatuBHoro toruuea it JIBC [1, 4]. IIpeumyie-
CTBEHHO CHHTE3-T'a3 MIPECTaBIsIeT cO00il cMech ABYX ro-
prounx razos — CO u H,, onHaxo B 3aBUCHMOCTH OT yC-
JIOBUII MOJIy4eHUS! MIPUMEHSAEMOTO ChIPbSl B €TI0 COCTaB
MOXKET BXOJIUTb U PAJ IPYTHX KOMIIOHEHTOB: HallpuMep,
CH,, C,H,, C,H,. IMenHO cOCTaB M ONMpENENAET OTIIH-
YUTENbHBIE OCOOCHHOCTH MPOTEKAHUS W OpPTraHH3aALUH
pabouero nukia [IBC. T1o3TOMy MHOTHMH OTEUECTBCH-
HBIMH ¥ 3apyO€KHBIMHU YUCHBIMH Y/IEIISETCSI 3HAYUTEIIb-
HOE BHUMaHHE BIMSHUIO aJIbTEPHATHBHOTO TOIUIMBA KAK

B YHCTOM BHUJIE, TAK U B KAQ4€CTBE JT00ABOK HA MTapaMeTphI
pabouero mporecca JIBC B 001acTH SKCIEPUMEHTAIb-
HBIX UccienoBanui [3, 5-9].

B pesynmbprate nzyueHHss OTCUECTBCHHOHN U 3apyOeiK-
HOU JIUTEpATyphl HE YAAIOCh OOHAPYKUTH JOCTATOYHO
HAJISKHBIX IKCIEPUMEHTAIBHBIX U TEOPETHYCCKUX JaH-
HBIX 00 0COOCHHOCTSIX MPOTEKAHUSI U OPraHU3aI[|U Pa-
0odero mUKJIa JBUTATENCH, paboTaromux ¢ JTo0aBKaMu
CHHTE3-Ta3a.

HEJIb PABOTbBI — ucciiegoBarh nmapaMeTpbl padbo-
ThI JBUTATENIsI ¢ MCKPOBBIM 3a)KMTAaHHEM, a TaKXe 0CO-
OCHHOCTH TIPOIIECCa CrOPaHUs MPU UCIOJIb30BAHUHU 0~
0aBOK CHHTE3-ra3a K OCH3UHY.

N3JOKEHUE OCHOBHOI'O MATEPUAJIA

OnHUM U3 METO/IOB MCCIIENOBAHUS PabOYero Mmporiec-
ca JIBC mipu pabote ¢ 106aBKaMy CHHTE3-Ta3a SBIICTCS
(busrUecKoe MOJCITHUPOBAHKE, KOTOPOE MO3BOJISIET MOJTY-
YHUTh JOCTATOYHO TOUHBIE PE3YJIbTATHI.

Hccnenosanust padouero mporecca ObUIM MPOBEAE-
Hbl HAa JKCIICPUMCHTAJILHONW YCTAHOBKE C JIBUTATEIIEM
24 7,2/6 (puc. 1).

OCHOBHbBIE TIapaMeTPhl JABUTATENSI C BHELIHUM CMe-
ceoOpa3zoBanmeM, pabOTaIOMIEro Ha Tpex(a3HbIi reHepa-
TOp MEPEMEHHOT0 TOKa, TPE/ICTABICHBI B TAOJHIIE.

B xoie 9KCIIEpUMEHTOB ONPE/ICICHBI HHIUKATOPHBIC
JarpaMMBbl, a TaKKE HCCICIOBAHBI IPOIECCHI CMece-
00pa30BaHUs ¥ CTOPAHHS CMECH ITApOB OCH3WHA U CHHTE3-
rasza B HWIMHIPE OBUTATENs. Mcmomp3yeMblil Uit paboTh
JIBUTATEIIs] CHHTE3-Ta3 OBLI MOJYYCH ITyTeM TEPMOXUMH-
YeCKO# mapoBoil KoHBepcuu OmodTaHoia. OCHOBHBIMU
KOMIIOHEHTaMH CHHTe3-Taza Oblin Bomopon H, (43 %),
okwuck yrnepona CO (34 %) n metan CH, (23 %). Pacuer-
Hasl yleJlbHas TeIIOTa CTOPAHUs CHHTE3-Ta3a COCTaBIIIa
28,79 M]Ix/kr, a miotHoCcTh — 0,63 KI/M>.
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Puc. 1. DxcriepiMeHTaNbHasl yCTAHOBKA Ha 0ase JABUTaTellsl ¢ HCKPOBBIM 3axkuranueM 24 7,2/6: 1 — GajulOHBI C CHHTE3-Ta30M,
2 — o0mwuii pecusep, 3 — MAaHOMETp, 4 — HIEKTPOMArHUTHBIN Ia30BbIH KIIAaH ¢ GUIBTPOM, 5 — PEIyKTOpP HU3KOTO JaBICHUS,
6 — DICKTPOMArHUTHBIA KJanaH; 7 — ra3oBbIid CUETUHK, § — PETyJATOp KauecTBa cMeceoOpa3oBanus, 9 — apoccenbHast 3aClIOH-
Ka, /() — nBuraresib ¢ KICKPOBbIM 3axkuranuem 24 7,2/6; 11 — 371eKTpOMarHUTHBIH OCH3WHOBBIN KiamnaH, /2 — 0ak ¢ TOIJIMBOM,
13 — Becsl, 14 — cuctema ynpaBieHns Harpy3Koi, /5 — 6mok TOHos, /6 — BonsT™eTp, /7 — ammepMeTp, /8 — manens npuoo-
pos, 19 — npubop 2TPM1, 20 — taxomeTp, 2/ — TymOnep BKIIOYEHHUS] OEH3WHOBOTO 3ME€KTPOMAarHUTHOTO KJarnaHa, 22 — TyMO-
JIep BKJIIOYCHUSI JIEKTPOMArHUTHOTO I'a30BOrO KiamaHa, 23 — TymOJep BKIIIOYEHHs JJIEKTPOMarHUTHOTO T'a30BOTO ITyCKOBOTO
KJlanaHa, 24 — JaT4uK JaBleHus, 25 — NepCOHabHBIN KOMITBIOTEp, 26 — pacXoJoMepHas maiiba, 27 — U-o0pa3Hblil MAaHOMETP

Ta6muua 1. OcHoBHBIE TapaMeTpsl auratens Y/-25 (24 7,2/6) ¢ BHemHIM cMeceo0pa3oBaHHEM

Ne .. [Tapamerpsl Pa3zmepHOCTH 3HaueHue
1 KonnyecTBo MUIHHIPOB — 2
2 Pa6ounii 06beM LUIMHIPOB cm? 490
3 Jnamerp nuinuHpa MM 72
4 XoJ MopIHs MM 60
5 CrereHb CokaTHs — 6
6 YacToTa BpalieHus KOJIEHYaToro Baja 00/MUH 3000
7 D¢ dexTrBHasE MOIHOCTh kBt 5,88
8 VrenbHbIi 5 EKTUBHEIN pacXoj TOIIINBA Kr/(kBT9) 0,435
Ha puc. 2 nmpencraBieHbl dKCIEPUMEHTAIBHBIE WH- P, xIla y =
JIMKATOPHBIE IMArPaMMBI IpH pabote asurarens 24 7,2/6 2000 EaY
10 HArpy304YHOM XapaKTepHCTHKE C JJOOABKAMH CHHTE3- 1600 3. éJ )
0 AN/
raza 28...64% mo macce. MOIIHOCTh JABHTaTENsl IPH i %
9TOM cocTaBisiia 3 KBT, yacToTa BpameHus KOJIEHIaToro 1200 14
Baja — 3000 o6/mun. ITpn nobaBkax cuHTE3-Ta3a K OCH- 800 . N
3uHYy KOA(QQHUIUEHT U30bITKA BO3AyXa 0 JeKal B TIpesie- 400 )4 N AN
nmax 1,10...1,15. —~ T
O06paboTka WHIUKATOPHBIX AWArpaMM IO3BOJIHIIA 0
270 300 330 360 390 420 450 480 rpamm.K.B.

YCTaHOBUTH BIUSHHUE NTOOABKHA CHHTE3-Ta3a Ha M3MEHE-
HUE WHIUKATOPHBIX IOKa3aTelell paboThl JIBHUTATEIIS.
CpemHee MHINKATOPHOE AaBIICHHWE MpH padoTe Ha OCH-
3uHEe paBHsUTOCh 345,7 klla, a ¢ mo6aBkaMu cHHTE3-Ta3a
64 % — 363,5 klla, uto Ha 5,16 % BbIIIE. B 3aBHICUMOCTH

Puc. 2. Unaukaroprasi auarpamma asurartens 24 7,2/6 mpu
pa3HbIX 7100aBKax CHHTE3-ra3a K OCH3UHY: | — JIMHUSI CYKATHUS
0e3 cropanusi; 2 — OeHsuH; 3, 4, 5 — mobaBKa CHHTE3-ra3a
28%, 32 %, 64 % COOTBETCTBEHHO



OT 10OABKH CHHTE3-Ta3a CHIKCHUE YICIBHOIO WHIMKa-
TOPHOTO pacxoia TOIIUBa coCTaBuio 3...17 %.

AHanM3 SKCIEPUMEHTAIBHBIX HWH/AWKAaTOPHBIX JHa-
rpamMM TI0Ka3all, 4TO COJEp)KaHUE B TOIIMBHOW CMECH
cuHTe3-ra3a B mpexaenax 28...64% mo Macce MPUBOAUT
K YBEIMYCHHIO MaKCHMAaJbHOTO JABJICHHUS CrOpPaHUs
Ha 211 xI1a u cmemenuto ero B cropony BMT na 7° . k. B.
Ha puc. 3 npexncraBieHO W3MEHEHHE MaKCHMaJIbHO-
TO JIaBJICHHSI CTOPAHUSI B 3aBUCHMOCTH OT COJICPIKAHUSI
CHHTE3-Ta3a B TOIUIMBOBO3YIIIHOI CMECH.

Taxoke HaOIFONACTCS U YBEIIMUCHHE CKOPOCTH Hapac-
TaHus JaaBieHus dp/de (puc. 4), 4TO HEraTUBHO BIHUSET
Ha paboty nBurarens. Paa uccrnemoBareneit [6] mpsMo
yKa3bpIBaeT Ha HKCHEPUMEHTAIbHOE MOATBEPXKICHUE He-
MOCPENICTBEHHOI CBSI3M JKECTKOCTH pabodero MHUKIa
JIBUTATEJISl C HAJICKHOCTHIO M LIYMHOCTBIO €r0 paboTHI.
XKecrkast paboTa JBHUraresns, COnpoBOXKIAIOMIAsICS BBICO-
KHMH 3HaYCHUSIMU MaKCUMaJIbHOTO JaBJICHHS CTOpaHMs,
He JorrycTrMa pu 3kcrnryararun JIBC, mockonsKy mpu-
BOJAUT K YBEIMYCHUIO TUHAMHYCCKON HArpy3KH JeTaei
KPHBOILIMITHO-IIATYHHOTO MEXaHU3Ma, a TaKXKe paspy-
LICHUIO TMOJIIMITHUKOB. VIMEHHO mMo3TOMY TipHu pabote
JBHrarelnsi Ha OeH3MHe ¢ J00aBKaMu CHHTE3-Taza HeoO-
XOAMMO YYHTHIBATH BIMSHUE DPsfa IapaMeTpPOB, TaKHX
KaK KO (UIHEHT N30bITKa BO3IYyXa, YIOJI OINEPEKEHUS
32)KUT'aHUs], CTETICHb CoKaTHs, KO3 (UINEHT HAITOJHEHHS
muiHApa, (asel rasopacnpeneneHus, cnocod cmece-
oOpazoBaHus (BHEIIHEE, BHYyTPEHHEE).

CHmKeHUS )KeCTKOCTH PabOTHI JBUTATEIS MOYKHO J10-
OWTHCS IMyTEeM YBEIHYCHHS KO PHUIIMEHTa H30BITKA BO3-
JyXa, a TAK)Ke NU3MEHEHUS yIila ONEPEKECHHS 3aKUTaHHS.

B xone anam3a sKCriepuMEHTANIBHBIX JAHHBIX B TIPO-
LIecce CropaHusi CMECH MapoB OCH3WHA C CHHTE3-Ia30M
COTIaCHO OOMICTIPUHATOMY JIeJIeHUI0 [2] OBIIO0 BBIACICHO
Tpu (assl cropaHus.

[epBast daza cropanusi — oOpa3oBaHHE HAYAIBHO-
ro oyara IUIAMEHH OT JJIEKTPUYECKOH HCKpBI M Pa3BH-
THE TYpOYJICHTHOTO (PPOHTA IIIAMEHH, TO €CTh MOMECHT
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Puc. 3. Bausaue 100aBOK CUHTE3-Ta3a Ha MaKCHMaJIbHOE J1aB-
JICHUE CTOPaHHUS
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0T 00pa3oBaHMS MCKPHI J0 Hadajla PE3KOro IOBBIIIE-
HUS JaBIEeHUS B IWIMHIpE Npu padore ¢ mo0aBKaMu
CHHTE3-ra3a, — COCTaBJsIeT MPUMEpPHO 12° m.K.B., 4TO
Ha 6° I1. K .B. MEHbIIIE, 4eM Ha OCH3MHE.

Bropas ¢asa cropanusi — ¢aza ObICTPOro CropaHusi,
IPU KOTOPO#H (PPOHT MITaMEHN pacpoCTpaHsIeTcst B 00Nb-
1Ied 4acTH MPOCTPAHCTBA KaMepbl CTOPaHHUsl, JOCTUTACT
CTCHOK IWJIMHAPA M 3aKaHYMBACTCS IIPU JOCTIKCHUH
MaKCUMaJIbHOTO JIaBJICHUSI CTrOpaHusl, COCTaBIISIeT
NpUMEPHO 28° 1. K. B.

Tperbst paza — moropaHue — COCTaBISIET MOPSIIKA
8° m.k.B. B TpeTheii (haze MpOUCXOMAT JAOTOpaHHE TIPO-
JIYKTOB HETIOJTHOTO OKUCJICHUS TOTIIMBA 332 POHTOM ILj1a-
MEHHM ¥ B IPUCTEHHOM CJIO€, B 3a30pax MEX/Iy IOpIIHEM
Y TOJIOBKOM LIMITMHJIPA, @ TAKKE PEKOMOUHAIHST MOJICKYJT.
OnHUM W3 IPU3HAKOB OKOHYAHHS TOPSHUS TOTUTUBA MPH-
HATO paBEHCTBO CKOPOCTH BBIACJICHUA TEIIJIOTHI U CKOPO-
CTH TEIUIOOTIAYH B CTEHKH (KBa3naanadaTuaecKkast TOuKa
nporecca) [2].

BbIBO/IbI. 1. Ipu ucnons30BaHuK 100aBOK CHHTE3-
raza k OeHzuny (28...64 %) HaOnmromaroTces yBeIMIeHne MakK-
CUMaJIbHOTO JaBieHust cropanus Ha 211 klla u cmerenue
ero B cropony BMT Ha 7° 11.K. B., @ TaKKe )KeCTKOCTb pado-
TBI TIPY MOIIHOCTH JBUTaresst 3 KBT 1 yacToTe BparieHus
xonrergaroro Baia 3000 o6/mMuH. CHIKCHUS KECTKOCTH pa-
OOTBI IBUTATETISI MOXKHO JIOOUTHCS ITyTEM YBEITMIEHHS KO-
¢umenTa n30bITKa BO3Myxa 10 1,5, a Takke yMEHBIICHUS
yIUIa OTIePEKEHNS 3KUTAHMS.

2. B 3aBucuMocTH OT JJ0OaBKHM CHHTE3-Ta3a K OCH3HMHY
MHIUKaTOPHBIE TTOKa3aTeIM pabOoTHI IBUTATelIs 3HAYUTEIHEHO
yaydiaoTes. Tak, cpeHee NHIUKAaTOPHOE JABICHUE yBe-
muuuBaercs Ha 5,16 %, a ynenbHbIH HHAWKAaTOPHBINA PAacXof
TOIUIMBA CHYbKaeTcst Ha 3...17%.

3. JlobaBka cuHTE3-Ta3a K OCH3MHY YMEHBIIIACT OOIIIYTO
MPOAOKUTENBHOCTh  CTOpaHMsl CMecH. [Ipomomkurens-
HOCTb TIePBOH (ha3bl CTOPaHUS CMECH COCTABIISIET MOPSAKA
12° m.k.B., BTOPOH — mpuMepHO 28° I.K.B., a TpeTbel —
8°m.K.B.
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Puc. 4. I3meHenne ckopocTH HapacTaHUs JaBJICHUS B 3aBUCU-
MOCTH OT Pa3HBIX 100aBOK CHHTe3-ra3a:/ — OeH3uH; 2, 3, 4 —
nobaBka cuHTe3-rasza 28 %, 32 %, 64 % cCOOTBETCTBEHHO
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