Pabouue npoueccnsl [BC

CALCULATION OF THE INFLUENCE OF THE COMPOSITION OF THE BIOGAS ON THE CHARACTERISTICS
OF THE VEHICLE ENGINE

V.N. Bgantsev, A.M. Levterov, N.Y. Hladkova

Decrease the consumption of mineral fuels in ICE is considered one of the important goals of reducing the harmful influ-
ence of this energy source on the environment. Within this plan, one of the most effective fuels type is biogas obtained from the
processing of municipal solid waste and livestock waste. Biogas basically includes methane and carbon dioxide with a wide
range of their ratio. The composition of biogas, in relation to the special features of obtaining it, can change, which leads to a
change of indicators of the ICE. In connection with, the forecast of these indicators is actual, which is necessary for the develop-
ment of effective systems for regulating the supply of biogas in the internal combustion engines. This forecast can be executed
with the help of mathematical modeling of the working cycle of ICE with using adequate mathematical models. In this research
used improved mathematical model of the working cycle of internal combustion engine developed in the department of piston
power plant A. Podgorny Institute for Mechanical Engineering Problems NAS of Ukraine.

The subject of the research is diesel engine D21A, converted to a gas engine, for which the investigations of possible op-
tions biogas composition were carried out with methane and carbon dioxide content in percentage terms: 100/0, 80/20, 60/40,
50/50, 40/60. Influence of the content in biogas of hydrogen, hydrogen sulfide, ammonia and nitrogen oxides in view of their
smallness is neglected. The sufficiency of the mathematical model is verified by comparing the effective engine indicators ob-
tained experimentally and by means of a calculation for the rated power mode of 18.5 kW (fuel-methane, n = 1800 min, a =1,
¢ =25°¢=9.5). The difference in the comparison of the results didn't be less than 10 %, which proves the fidelity of the model.

The influence of control actions on the parameters of an engine working on biogas is presented in the diagrams in X-Y co-
ordinates. Graphical analysis of the results numerical experiment, depending on the changing parameter allows to predict the
potential emission of NO, CO, COz, economic indicators (gi, Gi), capacity indicator (pi), the process quality index of the process
inside the cylinder (ni), to estimate the maximum values of temperature and pressure of the cycle as for the rated power mode
(n = 1800 mint) and for the maximum torque capacity (n = 1400 mint), and retrieve additional info for different excess air ratio
(a=1.0, o = 1.1) by external velocity performance and load characteristics for all test parameters of the engine.

A numerical experiment based on predict the characteristics of an engine running on biogas with a different ratio of

CHa4/ CO2 made it possible to make a quick, with sufficient accuracy, preliminary analysis indicator indexes of ICE with spark
ignition. Inference should be drawn that the use of biogas as a motor fuel for stationary and transport power plants shows positive
results, videlicet: improves index toxicity at a significant decrease in the economic index of the engine, decreases the thermal
load on the parts of the cylinder-piston group, which contributes to the increase in their motor mileage allowance, the carbon
dioxide balance in the environment is observed.
The results of mathematical modeling can be useful in optimizing the working cycles of ICE, which are transferred to work with
natural gas and biogas. They are also necessary in the development of such complex structures as automatic control systems for
the supply of gaseous fuels in the internal combustion engine with the instability of its component composition and the resulting
heat of combustion.
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CPABHUTEJIbHASI PACUETHAS OLIEHKA MTOKA3ATEJENA PABOYEI'O
HNUKJIA TEIIJIOBO3HOI'O IBUT'ATEJIA

IIpogeden 0630p cospemennvix cnocobos opeanuzayuu paboyezo npoyecca OU3eibHbIX osusameneti u Memooux mo-
denuposanus noxkazameneil /[BC. Hcnonvsosanue cospemennuix cnoco6oé opeanusayuu pabouezo yukia no360asem
VAyuume nokazamenu monausHou sxonomuunocmu JJBC u chuzumo ypoeens mokcuuHocmu ompabomaguiux 2azos. B
pabome paccmMompenst pe3yiomanmvl CPAGHUMENbHO20 YUCTEHHO20 MOOEIUPOSAHUs. paboye2o YuKkia meniogo3Ho20
ouzenvHoeo osucamensn 16 YH 26/27 npu pabome Ha XapaxmepHuix dKCHIYAMAYUOHHBIX PEHCUMAX (DPeHCUM XOJI0-
cmoeo xo0a, 30% om pesxcuma HOMUHATLHOU MOWHOCMU U HOMUHATLHOM pedcume). C UCnoIb308aHUeM YUCTEHHBIX
Memoo08 paccmMompeHrbl paciemuble 8apuanmul 8 WMAamHoM UCROIHeHuY (npu pabome osueamens no yukiy JJuzens)
u mooepuusuposannom (HCCI dsucamens). Hcnonvzosanue uucieHHbix mMemooos 0Jisi UCCAe008aHUs padoyux npo-
yeccog J{BC noszgonsem noayyums ungopmayuio 0 10KAIbHbIX U OCPEOHEHHBIX XaPAKMePUCmuKax paboyezo yukia u
UX UBMEHeHUU no Y2y noeopoma Koienuamozo gand. B pabome nokazano, umo y HCCI osueamens ommeuaemcs
CHUDICEHUe YPOBHS 8bIOPOCO8 OKCUO08 azoma, & cpedHem Ha 15-20 %, maccosoeo evibpoca cadicu (meepobix uacmuiy)
6 cpednem na 18 - 22 %, umo docmucHymo nymem 20MO2eHU3AYUL MONIUBOBO30OYUIHOU CMECU, CHUNCEHUS MAKCU-
MAIbHBIX JIOKAIbHBIX MEMNEpamyp NiamMeHU U Y8eluydeHus ROJIHONbL C2OPAHUsL MONIUGA.

Brenenue BaHMS HOBBIX ITOJIXOJIOB K OPTaHHU3ALMK pabovYHX Ipo-

INoBbiieHue TpeOOBaHMN K TOIUIMBHOM 3KOHO- LIECCOB, MCIIOJIb30BAHUS AJIbTEPHATHBHBIX BHIIOB TOII-
MHUYHOCTH M TOKCHYHOCTH OTPabOTaBIINX Ta30B COBPE- JIMBAa M CUCTEM HEWTpaln3aluy OTpabOTaBIIMX ra3oB
MeHHbIX JIBC npuBoanT K HEOOXOIMMOCTH HCIIOJIB30- [1-8].
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Pabouue npouyecce! [IBC

Jns ymydinenus: mokasareneil paboumx Iporec-
COB AM3ENBHBIX IBHIATENICH HCIIONB3YIOT TAKHE IOJ-
XOZBI: ONTHMH3ALHs MapaMeTpOB arperaToB HaJayBa,
YBEJIMYCHUE JAaBJICHUS BIIPHICKA TOIUIMBA, COBEPILCH-
CTBOBAHHUE IIPOIIECCOB CMECEOOPA30BAHMS U CTOPAHUS
1 HCIIOJIb30BaHHE HOBBIX ToILIUB [1-6].

OnHUM M3 COBPEMEHHBIX MOAXOIOB MO YIIydIle-
HHIO MOKa3areliei pabo4ero MUKIA AU3EIbHOTO ABHIa-
TEIS SIBJISICTCS TOMOTEHHOE BOCIUTAMEHEHHE OT COKaTHs
(HCCI nBurarens). Peanusaiis Takoro mporiecca cra-
Jla BO3MOXHOW Onaromapsi HCIIOJIb30BAaHUIO CHCTEM
tima Common-Rail, mo3Bosstromux peanrn3oBaTs MHO-
TOCTAAMHHYIO MOJady TOIIMBA JUIi PaBHOMEPHOTO
3aIoJHEHHs LWINHIPA TOIUIMBOM M BO3AYXOM, HauH-
Has OT TaKkTa CXKaTHs C OKOHYaHHEM IIpoliecca BIpBIC-
ka BOmm3n BMT m nmobaBieHHMeM K CBEXEMY 3apsmy
Npe/BapUTEIbHO  HOATOTOBJIEHHBIX  OTPa0OTAaBIIMX
razoB (cucrema EGR) nms mpenoTBpariieHusi HEKOH-
TPOJIMPYEMOTO CaMOBOCIIZIAMEHEHHS TOMOTCHHU3UPO-
BaHHOM TOIUIMBOBO3YILIHOM CMECH.

AHaau3 myOoauKanuii

Vcnons3oBaHne COBPEMEHHBIX MPOrPaMMHBIX
KOMIUIEKCOB II03BOJISIET HCCIIEAOBATh paboume mpo-
reccsl /IBC ¢ HCIOIR30BaHUEM YUCICHHOTO SKCIEpHU-
MEHTAa.

Haunbonee nHOOPMATHBHBIME SIBISIOTCS METO.IH-
KA 4YHCJICHHBIX HCCIEIOBaHUH pabo4yMx MpOLECcCOB
JBC, peanu3oBaHHBIE B INPOTPaMMHOM KOMILIEKCE
AVL Fire [10]. Bo3MOXHOCTH MPOrPaMMHOTO KOM-
IUIEKCAa TI03BOJIIIOT MOJICNTUPOBATh PaboOduMe IMKIIBI
JBC B 1UIOCKOH OCECMMMETPHUYHOM IOCTaHOBKE,
TPEXMEPHOH  OCECHMMETPUYHOH M  TpeXMepHOM
HECHUMMETPUYHOH rocTaHoBKax. [Ipn 3TOM ecTh BO3-
MOHOCTh PacCMAaTpUBaTh paboTy ABUTATENS B 1IEJIOM
COBMECTHO C TpaHCMHCCHed u aBromobmiem [11]. B
pe3ysbTaTe TaKWX YUCICHHBIX SKCIEPHMEHTOB ITOSIB-
JsIeTCsT  BO3MOJKHOCTH  JIETIBHO TPOAHAIM3UPOBATH
MOKa3aTeJad JBUraTelii B COCTaBE TPAHCIOPTHOIO
CpeACTBa W TMOJYYHTb, K TPUMEPY, pacHpelesiCHHe
XapaKTEePUCTUK TOKCHYHOCTH OTpabOTaBIIMX Ta30B B
rpammax Ha 100 kM npobera aBromobmst [11].

Uccnenosannem HCCI npurareneit B mocienHee
BpeMs 3aHUMAIOTCs ydeHbIE BO MHOTHX CTpaHax MHUpa
[6-9]. Peanusanus paboyero 1UKIIa JU3ETHHOTO JBHUTa-
TENsT C TOMOTEHH3MPOBAHHBIM CMeceoOpa3oBaHHEM
MO3BOJISIET HE TOJIBKO YBEJIUYUTH IOJHOTY CTOPAHUS
TOILUINBA, CHU3UTH YPOBEHb TOKCHYHOCTH OTPabOTaB-
IIMX T'a30B, HO U CHU3UTh YPOBEHb TEMIIEPATyp W Ha-
NPSDKEHUH B IETANISX KaMephl CrOPaHHS.

XapakTepHbIMHU JKCIUTYaTallHOHHBIMHU PEeXUMaMu
TEIJIOBO3HBIX JIU3ENIbHBIX JBHUTaTeNied SIBISIOTCS pe-
XKHUM X0JiocToro xoja (60% ot olIIel Mpoa0IKUTENb-
HOCTH paboTel aBuratens), 30% OT pexuMa HOMH-
HaTbHOW MomHocTH (Topsaka 25% ot obmeit mpo-

JOJDKUTEIBHOCTH PaOOThI TBUTATENS) U HOMUHAIBHBIN
pexxum (15% ot obmel MpoIOIKUTETFHOCTH PaboThI
JIBUTATEIISN ).

Uccnenyss mapaMeTpsl pabodmx MpOLECCOB Ha
STHX pEeXHMaX, MOXXHO KOMIUIEKCHO OIICHHBAThH 3(-
(eKTUBHOCTh BIHUSHHUA KOHCTPYKTHUBHBIX, DPETYIHPO-
BOYHBIX U PEIKUMHBIX MMAPAMETPOB JIBUTATEIS IMOCIIE
MOJICPHHU3AIUH HA TOKA3aTeIM TOILTMBHON 3KOHOMHY-
HOCTH M TOKCHYHOCTH OTPAa0OTABIIHNX I'a30B.

Lenp u 3a1a4u UccaeT10BAHUSA

Ienb paboThl — CpaBHUTENIbHAS. PACYCTHAS OICH-
Ka IapaMeTpoB pabOYHX MPOLECCOB TEIUIOBO3HOTO JIU-
sensHOTO ABuratens 16 UH 26/27 npu pabote B mTart-
HOM U MOJICPHH3HPOBAHHOM HCIIOJTHCHHH.

OCHOBHBIC 3Tambl U PE3YIbTAThl HCCIICIOBAHUSI
cBomATCA K cienyromiemy. OOBEKT HCCIETOBaHUS —
pabounii mporecc TEIIOBO3HOTO JAN3EIBHOTO JIBUTATE-
s 16 YH 26/27 npu paboTe Ha XapaKTEPHBIX IKCILTY-
ATallMOHHBIX PEKUMaX.

C HCIONB30BaHNWEM YHCICHHBIX METOHOB IPOBE-
JCHO MaTeMaTH4YecKoe MOJENUPOBaHUE IPOIECCOB
BITyCKa, cMeceo0pa3oBaHUs, CropaHus U (pOPMHPOBa-
HUSl TOKCHYHBIX BEIIESCTB IMpH paboTe ABHUTATENs Ha
HCCIIEIyeMbIX PEKUMAX.

IIpu MonenupoBaHUM paccMaTpHUBajach 3agada B
TpEXMEpHOH HeCTAIMOHAPHOW IMOCTaHOBKE B JlexapTo-
BBIX KOOpAMHATAX OT MOMEHTA OTKPBITHS BIIYCKHOTO
KJIaraHa JI0 MOMEHTa OTKPBITHS BBIITYCKHOTO KJIAllaHa.

s onricaHus TypOyIICHTHBIX TEYCHUH B IIHIIHH-
Ipe IOBUTATENsl WCHONb30Banack k-e momenb TypOy-
JICHTHOCTH. MeTonuKa YHCIEHHOTO MOJEIHPOBAHHMS
JIeTaIIbHO M3JI0XKeHa B pabotax [9, 10].

PacuerHas cerka, MOBTOpSIOMIAs CIOXHYIO KOH-
¢burypanuio Kamepbl CropaHus C 3JIEMEHTaMH BITYCK-
HBIX U BBITYCKHBIX KAHAJIOB MMPEICTaBICHA Ha puC. 1.

Kpatkast xapakTepucTHKa paccMaTpHBacMbIX Ba-
puantoB mtatrHoro U HCCI wmonepHU3MpOBaHHOTO
JBUTaTeNel npeacTrapieHa B Tabaumax 1 u 2.

Tabmmma 1. Kparkas XxapakTepuCcTHKa ITATHOTO JBH-
rarens

CreneHsp CxaTus 16,5

Juamerp coruioBbIx oTtBepctuii pac- | 0,3
TIBUTATENIS, MM

VYron omepekeHus Brpeicka, rpax | 20
Mn.K.B. 10 BMT

JnurensHOCTh  BOpbIcKa TomimBa, | 20
rpaj I.K.B.
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Puc. 1. Pacuemnas cemka

Tabmmma 2. Kpartkas xapakrepuctuka HCCI nBu-
rartens

CrermeHb cKaThus 16,5

JumaMeTrp COMIOBBIX OTBepcTHH pacmbeutu- | 0,22
TEJSsL, MM

VYron onepexeHus: BOpBICKa, rpaj Mm.K.B. g0 | 1300

BMT 100
40
12

KonngecTBo BIPHICKOB 4

JnurensHOCTh  BOpBICKAa TommmBa, rpan | 20
ILK.B.

Cucrema perupkyisainuud — otpadoraBmux | EGR

ra3oB

Pe3ynbraThl YHCIEHHOTO MOAEIUPOBAHUS TPO-
Lecca BIPBICKA TOIUIMBA M €r0 BH3YalM3alusl Ipe[-
CTaBJIeHa Ha puc. 2

Puc. 2. Buzyanuzayus npoyecca npuicka monauea

Janee npuBeneHbl pe3ybTaThl YHUCICHHOTO HC-
CJIEZIOBaHUSI TPOLIECCOB CTrOpaHusi U (HOPMHUPOBAHMS
TOKCHUYHBIX M KaHIEPOTCHHBIX KOMIIOHCHTOB B IIUJINH-
Jpe TeIUIOBO3HOTO IU3EIBHOTO IBUTATEINS (pHC. 3).

W3 pe3ynbTaToB, MNpenCTaBICHHBIX Ha puC. 3
BUJIHO, YTO JUIS IITaTHOTO BapHaHTa IU3EJILHOTO JIBH-
rateiisi UMEeT MECTO 3HAYMTENbHAss HEPAaBHOMEPHOCTh
pacIpocTpaHeHusl TeMIeparyp U KOHUEHTpAlWH, CBs-
3aHHasl ¢ 0OCOOCHHOCTSIMU OpraHM3aly padoyvero HK-
na luzens ¢ xamepo cropanus tuma “T'eccenbman’.
Tak, MakcuMaibHAs! TeMIIepaTypa MIAMEHH JIOCTHraeT
2300 °C (puc. 3. a). PacmpenencHue MaccoBO# 10U
NO wumeer SBHO BBIp@)XEHHBIH 30HANBHBIA XapakTep,
YTO CBA3aHO C 0OBEMHBIM CMeceoOpa30BaHUEM M 3Ha-
yuTeIpHON aosei “ObicTphix NO” Ha mepudepuiino-
MydacTke (poHTa MwiameHu (puc. 3. 06). Hanmume
YYacTKOB KaMepbl CrOpaHUss C HHU3KAM K03(-
¢unMeHToM M30BITKa BO3IyXa B IIPOIECCE CTOPAHUS
MapoB TOILUIMBA TPHUBOJAUT K JIOKAJIH3ALUH CaXHU (pHC.
3. B).

Pe3ynbTaThl YHCIEHHOTO MCCIIEAOBAHUS IPOLIEC-
COB cropaHusi ¥ (JOPMHUPOBAHUSI TOKCUYHBIX M KaHIIE-
poreHHbIX KoMnoHeHToB B muinHape HCCI nBuraresns
MIPE/CTaBIICHBI HA PUCYHKE 4.

W3 pe3ynbTaToB, MpeICTaBICHHBIX Ha puc. 4,
BuzHo, uto Juisi HCCI nBurarens ymeHblaercst He-
PaBHOMEPHOCTh PACHPOCTPAHEHHs TEMIEPaTyp W KOH-
LEHTPali, CBS3aHHAs C TOMOTI'CHU3alMEeH TOIUINBO-
BO3JYILIHOM CMECHU IIyTEM MHOTOCTAJIUHHOIO BIPBICKA
ToruMBa. Tak, MakcUMallpHas TeMIleparypa IJIaMeHH
nocruraer 2100 °C (puc. 4. a). 30HBI pacupeneseHus
MaccoBoit gonmu NO pasMbITBl 110 Kamepe CropaHws,
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Pabouue npoueccs! [IJBC

YTO CBSI3aHO C TOMOTCHU3ALMEH CMECH M YMEHBIICHH-
em o “ObicTpbix NO” Ha mepudepuitHoMm ydactke
¢ponTa mnamenu (puc. 4. 6). YiydmeHue mporecca
cMeceo0pa30BaHMsl TIOJIOKUTENBFHO CKa3aloch Ha CHHU-
JKeHUH MacCOBOH 10NN caxH (puc.4. B).

2300
2070
1840
1610
1380
1150

a)

5.5e-003
4.9e-003

4.4e-003
3.8e-003
3.3e-003
2.7e-003
i 2.2e-003
| 1.6e-003
1.1e-003
5.5e-004
0.0e+000

0)

5.5e-003
4.9e-003
4.4e-003
3.8e-003
3.3e-003
2.7e-003

5 2.2e-003
1.6e-003
1.1e-003

I 5.5e-004
— 0.0e+000

6)

Puc. 3. Pesynemamot uucienno2o Mooenuposanus
npoyecco8 ceopanus u GopMupo8anus MOKCUUHBIX U
KAHYEPO2eHHbIX KOMNOHEHMO8 8 YUIUHODE

(Ne =2940 kBm, ¢ = 365 2opo n.x.6.):
a — pacnpedenerue memnepamypsl NIAMeHU U 2a3a
8 MEPUOUOHATILHOM CeUeHUU Kamepbl C2o0panus, O —
pacnpeoenenue Maccos8oli 00aU MOHOOKCUOA a30ma
(NO); 6 — pacnpeoenenue maccosoti donu caxcu

CpaBHeHHE TlapamMeTpoB paboduX IMPOIECCOB
mratHoro u HCCI pBurareneil mpencraBieHsl B Tad-
mnnax 3,4 u 5.

Kak BUIHO W3 pe3ynbTaTOB, MPEICTABICHHBIX B
Tabn. 4 u 5 mis pacyerHoro Bapuanta HCCI mBura-
TeNS Ha UCCICAYEMBIX PEKUMaX OTMEYAeTCsl CHUKE-
HUEC YPOBHS TOKCHUYHOCTH OTpPAOOTABIIMX Ta30B, B
cpenneM Ha 18 - 20%. D10 cBA3aHO ¢ TOMOTEHHU3AIMEH
TOIJTMBOBO3AYIIIHOW CMECH, CHHXKCHHEM MaKCHMalb-
HOW TeMIIepaTypsl IUIAMEHU B JOKAJIBHBIX 30HAX Ka-
MEpbI CrOpaHus 1 00JIee TOHBIM CTOPAHHUEM TOILIHMBA.

2100
1890
1680
1470
1260
1050
840
630
1420
1210
“-0

5.0e-003
4.5e-003
4.0e-003
3.5e-003
3.0e-003
2.5e-003

% 2.0e-003
1.5e-003

‘ I 1.0e-003
I 5.0e-004
* 0.0e+000

—

0,
4.0e-003 )
3.6e-003
3.2e-003
2.8e-003
2.4e-003
2.0e-003
1.6e-003
1.2e-003
8.0e-004
4.0e-004
0.0e+000

6)

Puc. 4. Pesynomamul wucienno2o mooenuposanus
npoyeccos c2opanus u PopmMuposaHius MmOKCUUHBIX U
KAHYepO2eHHbIX KOMNOHEHMOE 8 YUIUHODE

(Ne =2940 xBm, ¢ = 365 20po n.x.6.):
a — pacnpeoeienue memnepamypbl niIamMeHu u 2asd
6 MEPUOUOHANLHOM CedeHUlU Kamepybl ccopanus; 6 —
pacnpeoenenie Maccosoll 00auU MOHOOKCUOA A30ma
(NO); 6 — pacnpedenenue maccosoti donu caxcu

Tabmuma 3. CpaBHeHHE TTapaMeTPOB pabOYHX IPO-
neccos mrataoro u HCCI geurareneit

Ne Ne n P, T, Qe
kBm | munt | Mla K 2/kBm-u
1 0 350 54 1521 257
5,3* 1505* 258*
2 750 880 7,3 1538 235
7,2* 1509* 236*
3 | 2940 | 1000 11,5 1546 203
11,4* 1515* 204*

* - HCCI osucamens
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Tabimma 4. DKoJIOrMYecKUe MOKa3aTeld IITaT-
HOTO JIBUTATENs

No Ne n NOx CoO C
KkBm munt elkBm-u | elkBm-u | 2lkBm-u

1 320 350 9,27 5,06 0,73

2 750 880 15,35 27,2 3,4

3 | 2940 1000 41,05 18,48 2,11

Tabmuma 5. Dxonornmyeckne mnokasarean HCCI

JIBUTATENIS
No Ne n NOXx CO C
KkBm munt elkBm-u | elkBm-u | 2lkBm-u
1 320 350 7,7 4,09 0,59
2 750 880 11,9 21,7 2,65
3 | 2940 1000 34,5 15,1 1,7
BriBoabI

Ilo pesympTaraM NpPOBEAEHHOIO HCCIEIOBAHMS
MOJKHO C/IEJaTh CIEAYIOIee 3aKII0ueHHe:

- HCCI ngBuratens obmamaeT yay4IIeHHBIMHI KO-
JIOTHYECKUMH TIOKa3aTeJIIMH, 110 CPAaBHEHHUIO CO IITaT-
HBIM BapHaHTOM, 3a CUYET OpTraHU3alMM IpoIiecca Cro-
paHus Tpu OoJiee HU3KUX JIOKAIBHBIX TeMIlepaTypax B
LMJIMHIPE, YaCTHYHOTO OTPAaBJICHHS CBEXEro 3apsiza
MOJITOTOBJICHHBIMU OTPAaOOTABIIMMHM Ta3aMu (CHcTeMa
EGR), ymenbienus gonu “obictpeix NO” Ha nepude-
PUHHBIX YYacTKax ()pOHTA IUIAMEHHM W YBEIUUYCHHUS
TIOJTHOTHI CTOPaHUsI TOIUINBA,

- y HCCI pBurarens, oTHOCHUTEIbHO 0a30BOr0
BapmaHTa (pabotatomiero mo UKy Juzens), orMeda-
eTcs CHIDKCHHE YPOBHS BBIODOCOB OKCHIIOB a30Ta, B
cpeqHeM Ha 15-20 %, maccoBoro BBIOpoca Caxku
(TBepABIX yacTHIl) B cpexHeM Ha 18 - 22 %, uTto cBH-
JIETEJICTBYET O IEPCIEKTUBHOCTH TAaKOTO CIocoda
OpraHM3aIy Pabovero MUKJIA Ui TEIUIOBO3HOTO IH-
3€JIbHOTO JIBUTATEIIS.
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MNOPIBHAJIBHA PO3PAXYHKOBA OHIHKA INIOKA3HHUKIB POBOYOI'O IUKJTY
TEINJIOBO3HOI'O IBUT'YHA

A.M. Aspamenko

IIpoBeneHo orysa cydacHMX METOMIB OpraHi3amii po60Joro npouecy JU3eIbHUX JBHTYHIB Ta METOAMKH MOJICTIOBAHHS I10-
ka3HukiB JIB3. BukopucraHHs cydacHHMX cHOCO0iB opraHizamii poO0Y0oro IHUKIY TO3BOJSE MOKPAIIUTH MOKA3HUKU MAJHBHOI
exoHoMigHOCTi JIB3 1 3HM3MTH piBeHb TOKCHYHOCTI BiINIpaIlbOBaHHUX Ta3iB. B poOOTI po3risHyTI pe3yiabTaTd HOPIBHAILHOTO
YHCENBHOT0 MOJICIIIOBAHHS POO0YOro MUKy TEIUIOBO3HOTO AM3eNbHOrO nuryHa 16 YH 26/27 npu poOoTi Ha XapaKTepHHUX eKc-
IUTyaTaIifHUX peXUMax (PEKHM X0I0CcToro xoxy, 30% Bif pekuMy HOMIHAJIbHOI MOTY)KHOCTI 1 HOMiHAJIBHOMY PEXUMi). 3 BH-
KOPUCTaHHSM YHCEIbHUX METO/IB PO3IIIAHYTI PO3PAaXyHKOBI BapiaHTH B IITATHOMY BUKOHAHHI (IIpH poOOTi ABUTYHA 32 IIUKIOM
Juzenst) 1 moaepHizoBaHomy (HCCI npuryH). BukopucTtaHHs 4MCeNbHUX METONIB Ui NOCTIKEHHS pobounx mpoueciB B3
JI03BOJIsIE OTPUMATH iH(OPMAILIiFO PO JOKAJIbHI Ta OCEPEIHEHHI XapaKTePUCTUKH POOOYOro HHUKITY i iX 3MiHY IO KyTy MOBOPOTY
KoJliH4acToro Bainy. B po6oti nokasano, mo y HCCI nBuryHa Big3HayaeThCs 3HIDKCHHS PiBHS BHKHIIB OKCHIIB a30Ty, B Cepea-
HbOMY Ha 15-20%, MacoBOro BUKHIY caxi (TBEpPUX YaCTHHOK) B cepenHboMy Ha 18-22%, 110 JOCATHYTO MIIAXOM TOMOTeHi3amil
CyMilIi, 3HIKEHHSI MAaKCHUMAaJIbHUX JIOKAJIBHUX TEMITepaTyp MOIyM'st 1 301IbIIeHHSIM ITOBHOTH 3TOPSIHHS NTAJTHBA.

COMPARATIVE DESIGN ASSESSMENT OF INDICATORS OF WORKING CYCLE
DIESEL ENGINE
A. N. Avramenko
The review of modern ways of the organization of the working process of diesel engines and methods for modeling the indicators of ICE.
The use of modern methods of organizing the working cycle can improve the fuel economy of ICE and reduce the level of toxici-
ty of exhaust gases. The paper discusses the results of comparative numerical simulation of the duty cycle of diesel engine 16 FT
26/27 when operating at typical operating conditions (idling, 30% of rated power and nominal mode).With the use of numerical
methods, considered variants in the standard version (when the engine is running on a Diesel cycle) and upgraded (HCCI engine).
The use of numerical methods for studying the ICE work processes allows obtaining information on local and averaged charac-
teristics of the working cycle and their variation in the angle of rotation of the crankshaft. The work shows that the HCCI engine
has a decrease in the level of nitrogen oxide emissions, on average by 15-20%, mass emission of soot (solid particles) on average
by 18-22%, which is achieved by homogenizing the fuel-air mixture, reducing the maximum local flame temperatures and in-
creasing the completeness of combustion.
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MATEMATHUYHE MOJAEJIIOBAHHS IMTPOIECIB CYMIINIOYTBOPEHHA TA
3rOPSIHHSA B IU3EJII HA BOJONAJUBHIN EMYJIbCIH

Buxopucmanna eodonanusnoi emynvcii (BIIE) 6 axocmi nanuea 015 0usenie 00360158€ 00CASMU 3HAUHO20 KOMNAEKC-
HO20 NOKpAWjeHHs NATUEHO-eKON0IUHUX NOKa3HuKie deueyHa. IIpome, npoyec 3eopanna BIIE nomimno 6iopisnsacmo-
s8I0 320pAHHA MPAOUYITIHO20 OU3eNbHO20 naausd. Lle 06ymMoenioe UHUKHEHHS pe3epeie 3 NOKpaujeHHs Ouseis Ha
BIIE winsaxom eubopy onmumanvhux napamempis. Haubinow payionanohum wasixom Oas 6UPIUEHHS NOCMABIEHOT
3a0aui € BUKOPUCMAHHI KOMNLEKCHOL Mmamemamuynoi moodeni ouzens npu pobomi na BIIE. O0num 3 Haubinbu eadic-
JUBUX CKAAO0BUX MAKOT MOOENi OU3ENs € MAMEMAMUYHA MOOelb NPOYECi8 CYMIUOYMBOPEHHs Ma 320PAHHSA NATUEA 6
yuninopi. Haseoeno 0CHOGHI efleMenmu MamemamuiHoi Mooeni npoyecie cymitloymeoperts ma 320psiHHa 6000NAU-
6HOI emyavcii 6 ouzeni. /[na idenmupikayii mamemamuunoi mooeni 6y10 GUKOPUCTHAHO Pe3yTbMamu KOMNIEKCY eKc-
NEPUMEHMATbHUX 00CTIONHCEHb OU3ens Ha 6000NANUBHIL eMYAbCii HA HAUOIIbW NOKA308UX pexcumax pobomu ouses,
wo 8i000paicaroms NIUE KYyma BUNepeodtCents 6NOPCKY8AHHA NAIUBd, ma eMicm 600U Y 6000NANUGHIN eMYTbCil.
ITiosuwenns mounocmi ompuManux OAHUX eKCcnepuUMenmanbHuxX 00CIIOHCeHb O0CASHYMO BUKOPUCTNAHHAM MemOoOis
00pOOKU OAHUX OKPEMO 0TIl KONHCHO20 poO0o1020 yukiy ousens. Hasedeno pesynomamu idenmugpixayii mamemamuy-
HOI MoOeni. Pezynbmamu mMamemamuyno2o MOOENO8AHHs 000pe Y3200X4CYIOmbCsl I3 eKCREPUMEHMATbHUMU OaHUMU,
Xapakmep ma cmynins 6NIUSY PO3LIAHYMUX (QAKMOPI6 HA NPOYecU CYMIUOYMEOPEHHS Ma 320PAHHS 8I000padtceHul
aoexeammno. Ompumani pe3yrbmamu € UXIOHUMU OAHUMU OJi MOOENIOBAHHS NPOYECi8 YMBOPEHH S cadici ma OKCuoie
asomy 8 yuninopi ouseis. Lle 003601ums adexeammo oyiHUMuU GNAUE KOJCHO20 3 OOPAHUX NAPAMEmMPI8 HA NOKAZHUKU
ousensi ma euU3Hayumu CyKynHicmo napamempis, wo sabesnevyamsv Halbinow epexmusne suxopucmarnis BIIE 6 ou-

3eii.

Beryn JIOTIYHUMH TIpoOsieMamu. Bce Ourbl akTyanbHUMH

B Ham yac 3Ha9HO 3pocTae iHTepec CBITOBOI CIi- CTAalOTh NMUTAHHS 3MEHIIEHHS IIKiIJIMBOTO BIUIMBY JIis-
JHLHOTH JI0 TIMTaHb, IO TIOB’s3aHi 3 TI00ATBHIMH €KO- JILHOCTI JIIOAICTBA Ha HaBKOJMIIHE cepenoButie. Crto-
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