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ard sensors. This also leads to a more complex measurement pattern, combined with high accuracy, which is dependent on the
load mode. In addition, the installation of hardware sensors is time-consuming and involves organizational problems, as it is nec-
essary to temporarily disable the engine. The mentioned problems are absent in case of analytical data synchronization. It is
shown that the existing methods of analytical synchronization are not effective enough for the operating conditions of transport
engines. This is mainly due to the complexity of the formulation of the synchronization criteria or their lack of precision due to
the impact of noise in the output data. In portable diagnostic systems, the top dead center determination is best done immediately
by the analytical method. Principally, there are inconveniences during the diagnosis of engines, because additional pickup sensors
and their cables must be used. Before installing the sensors, it is necessary to take the engine out of operation. The installed sen-
sors must be calibrated, which is associated with a significant investment of time. All portable systems for parametric engine
diagnostics measure the pressure in the working cylinder through the channel of the indicator valve. In this regard, in portable
systems, in addition to the aforementioned errors, errors occur such as throttling and delay of the signal, which leads to an addi-
tional shift of the top dead center position. Thus, recently, most modern portable systems for diagnosing marine diesel engines do
not use pickup sensors, but use different variants of the analytical determination of top dead center. Diagnostics of marine en-
gines during operating and the selection of optimal operating conditions is based on the analysis of gas pressure diagrams, as well
as fuel supply and gas distribution diagrams. As a result of the analysis of the pressure diagrams, the indicator engine power is
calculated, which is further used in the management of engine operation modes, in the calculation of specific indicators, as well
as in the calculation of energy efficiency coefficients of marine vessels according to International maritime organization recom-
mendations. The authors claimed a method for determining the top dead center, based on solving the equation of equality to zero
the first derivative of the gas pressure under compression, which provides the required accuracy in calculating the average indi-
cated pressure and indicator power of the engine during operation. It is shown that the method can be applicable in marine engine
working process monitoring systems as an alternative to hardware methods for determining the top dead center.

Key words: transport diesel, working process monitoring, top dead center, indicated power, efficiency coefficients of marine
vessels, analytical synchronization.
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JOCJIIKEHHS BIVIMBY 3MIH YMOB CYMIIIOYTBOPEHHA
[P ®OPCYBAHHI OIIO3UTHOI'O IBOTAKTHOI'O IU3EJIA
HA ITOKA3HUKMU 3IOPAHHA

B pobomi nposedenuii ananiz cymiuioymeopenus i wiaxie niosuujeHts eqpeKmueHoCcmi 320pAHHA NAIUBA Y 8UCOKO-
@opcosanomy 06omaxkmuomy ouszeui i3 NOPUWHAMU, WO PYXAIOMBCSL Y NPOMUILENCHI CIOPOHU.

3binvuenns aimposoi nomysxcnocmi nompebye 8i0n06i0HO20 30LNbUEHHS YUKI080T nooayi naiued, sike HeoOXiOHO
epexmugHo cnaniogamu 3a 0OMedICeHUll 4ac i 8 0OMENCEHOMY NPOCMOPI Kamepu 320panns. Ak eidomo, came npu no-
6HOMY I C60EHACHOMY 320PSIHHI NAUBA OOCACAEMbCS eEeKMUBHA A eKOHOMIYHA poboma 08USYHA GHYMPIUHLO20
320psHHL, A (OPMYSAHHSL NATUBO-NOGIMPSHOL CYMIULL € BAICTUBOIO YMOBOIO OJisl 3A0e3NeUeHHsl IKICHO20 npoyecy 320-
psanHsl. JJochiodcentst 6naugy OKpemMux KOHCMpPYKMUGHUX NapamMempie Ha CyMIUOYMEOPEHH s Y 6UCOKOPOPCOBAHOMY
080MaKmMHoOMy ouseni Oy10 30ilCHeHO npu UKOPUCAnHI npocpamuozo komnaexkcy AU3EJIb-PK, wo nanescums 0o
KAACy mepMOOUHAMIYHUX NPOSPaM, MaA NPOSPAMU 8I3yanizayii npoyecy pyxy naiuenux cmpymenie. Oyinka 6niueo6UxX
Gakmopis na NOKA3HUKU 320PSIHHS OBOMAKMHO20 OU3esl NPOBOOUNACS 3d PONOOLIOM NANUBA NO 30HAX (HABEOeHI
imocmpayii) ma 3a pesyibmamamui po3PAxXyHKy XapaKmepucmuk snPUCKy8ants i meniosuoiienns. Pozenanymi maxi
Gakmopu, sx 3mina (30inbwenns) yuknoeoi nodaui (By) npu (ixcosanomy snauenni KoeQiyicnmy HaOIUwKy nogimps
(@), 3MiHa 8uxpo602o GiOHOweHHs (L), max K euOIp HANPAMKY 6NPUCKYEAHHS NATUSA OPCYHKOIO 3ANeANCUMb 610 iH-
MEHCUBHOCMI MA HANPSAMY 00EPMAHHS 8UXOPY NOGIMPsL 8 KaMepi 320psAHHSL), Kyma nouamxy nooayi namuea (Gemp),
mpueaiocmi nodayi naauea (Psup), PONOOLLY NAIUEA 6 00 '€Mi KaMepu 320pAHHs (34 PAXYHOK KOPEKYIl po3mautyea-
H5L CONJIOBUX OMBOPIE PO3NUNIOEAYA ma iX diamempa).

3a pesyremamamu 00CHIONCEHHA 8CMAHOBIEHO XAPAKMeEP 3MiHU PO3NOOILY nanuéa il 0ana OyiHKa O0edopMy8aHHIO
nanueHo2o hakena y Kamepi 320psiHHs OU3eNs Ma MONCIUBOCE 3MEHULEHHST KOHMAKMY S10pad CMpPYMeHs 31 CIiHKOIO
Kamepu 320psantsl U 30ibuenHs: 06 €My 30HU SUNAPIOGAHHS NAAUBA NPU CKOPOYeHHi yacy naiugonooaui. Ompumani
pe3ynomamu € nepedymosoro st pO3POOKU MEXHIYHUX PileHb w000 NiO8UUeHHsl eeKMUBHOCMI 320PAHHS T NiOGU-
WeHHSI NATUBHOI eKOHOMIYHOCMI 080MAKMHO20 Ou3ensi ma po3pooKu pekomenoayill i3 3a6e3neyentss Ho8020 PiGHs
@opcysansi.

Kniouogi crosa: 0somaxmuuil Ouzens i3 3yCmMpivHO-npOMULEACHUM PYXOM NOPULHIS; CYMIUOYMEOPEHHS! I 320PSHHS;
YUKNI08a NOOAYA NANUBA, BUXPOBE GIOHOULEHHS, NAIUBONOCMAYAHHS, KAMEPA 320PsIHHsL, 6NPUCKYSAHHS NAIUGA, NATIUG-
HULl cmpyMinb, pO3no0il naiued.

Beryn. Tennennii po3BUTKY CHIOBHUX YCTaHOBOK 13 MiIBUIIEHHSAM Ta0apuUTHOI 1 MUTOMOI MOTY>KHOCTI.
JUTS TPAHCIIOPTHHUX 3ac00iB 3HAYHOIO MipOO MOB’s3aHi e 0OyMOBIIOETBCS THM, IO Maca TPAHCIOPTHHX 3a-
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c001B 301TBIIYETHCS BHACTIIOK 301UIBIIEHHS PO3MIpIB i
piBHS OCHAIIEHHS OCTaHHIX. TaKUM YHHOM, BIOCKOHA-
JICHHS] JBUTYHA MOJKE 3BOJUTHCS 10 3MEHIIEHHS HOTO
po3MmipiB mpu 30epekeHHI MOTYXKHOCTi, a00 0 IiJBH-
LIEHHS HOTO IOTY>KHOCTI NMpPW HE3MIHHUX rabapuTax.
Slkmo MoBa e mMpo MOJAEPHI3alil0 iICHYIOUOro arpe-
raty, AOLIJIBHUM € JpYrHid HanpsMoK. EKOHOMiuHO
BUTIZIHO, B TEpIIy 4Yepry, 3BEpHYTH yBary Ha Taki
nusixu GopcyBaHHs, SKi B KOPOTKI TEPMIHH MOXYTh
OyTH BTiNIEHI NpH HAWMEHINIH KUTBKOCTI 3MiH KOHC-
TpyKLii, TOOTO Tpu 30epekeHHI TeoMeTpii OCHOBHUX
KOPITyCHHUX [leTajiell 1 TmapameTpiB KPHBOIIHITHO-
IIATYHHOTO MEXaHi3My. 3 IIi€1 TOUKH 30py BasKIIHBHM €
MIOIITYK pe3epBiB MiIBUIICHHS €(EKTHBHOCTI MPOIECiB
CYMIIIIOYTBOPEHHS 1 3TOPSHHS, 30KpeMa i B JBOTAKT-
HUX TU3ENISX, 0 B YKpaiHi 3aCTOCOBYIOTHCS Y OpOHe-
TEXHiIl i TPAHCTIOPTHHUX MarnHax [1].

Ha cporoaHilHii AeHb MPOEKTYBAaHHS Ta OINTH-
Mizariss JIB3 JocsAraM Takoro piBHs, IO MOAAJIbIIC
BIIOCKOHAJICHHS! HEMOJJINBO 0€3 3aCTOCYBAHHS MOXK-
muBocteir EOM 1 30KkpemMa MaTeMaTHYHOTO MOJEIIO-
BaHH:A. KpiM TOTO, JIOTIYHO IIEpEeBipUTH TEOPit0 HA Ma-
TEMaTHIHIA MOJEI, epII HiXK MPOBOAUTH Oarato Ko-
IITOBHUM €KCIIEpUMEHT. [y BUpILIeHHS MOpYyIIeHOI B
JaHiii poboTi 3agadui OyJO BHKOPHCTAHO IMPOrPaMHE
3abesneuenns [uzens-PK [2], B ocHOBY sikoro mokia-
neHa TepmomuHamidna mojens JIB3. B Jlusens-PK
CYMIIIOYTBOPEHHS 1 3rOpSHHS B KaMepi 3ropsiHHS JH-
3eJ1 PO3paxoBYIOThCS 32 MeToioM mpodecopa M.D.
PasneitieBa. Hapami metonm OyB  moompanboBaHUI
npogpecopom MBTYVY im. ML.E. Baymana A.C. Kynemro-
BuM [3].

Meta po6oTu. BCTaHOBUTH CTYIIIHD BIUTUBY OK-
peMnX KOHCTPYKTOPCBHKHMX IIapaMeTpiB Ha SIKICTb Cy-
MIIIOYTBOPEHHSI Y BUCOKO(OPCOBAHOMY JIBOTAKTHOMY
OIIO3UTHOMY JIU3ElTi.

00’ext pocaimxkenHsa. OTO3UTHUHA ABOTAKTHUIN
mzens 6UH12/2x12.

Bubip nocnimkyBaHux (akTopiB BU3HAYABCS I10-
CTaBIJICHOIO METOIO 1 CKIIQaBCs 13:

* 3MiHHK (30LIBIICHHAS) IUKIIOBOI IMoAadi mpu (ikco-
BaHOMY 3Ha4YeHHI KoeillieHTa HAUTUIIKY MOBITPs (at);

* 3MiHH BUXPOBOTO BiTHOIIICHHS,

* 3MiHM KyTa IT0YaTKy I10/1a4i najnsa,

* 3MiHU TPUBAJIOCTI MOJIAYi MaTNBa,

* 3MIHH PO3IOJUTY ManuBa B 00’eMi KaMepH 3ro-
PSIHHSI.

Orminka (paxTopiB, MO BIJIMBAIOTH HA MOKA3HUKHU
JIBOTAKTHOTO [JH3€Jsi TPOBOJIMIIACS 3a JIOTIOMOTOI0
IporpamMu Bi3yaizalil pouecy pyxy NIMBHHUX CTPY-
menis Fuel Jet Visualization, mo BxoauTs B KOMILIEKC
Juzens-PK, ocHoBHI kputepii edexkTHBHOCTI 3ropsH-

HS: MIBUAKICTh TETUTOBHIUICHHS 1 XapakTep MOIHPEH-
HS TTAJTMBHOTO CTPYMEHS B IIMUTIHAPI.

PesyabraTn gocaizxenns

Bizyanizauia pyxy nanuenozo cmpymeHns 00H020
posnuntosaua

Ha pucynky 1 BinoOpaxaroThCsi JaHi IIOA0 PO3-
O[Ty MaJIMBa 110 30HAX U1l OJTHOTO BHOPAHOTO CTPY-
MEHS, [0 BUKJINKaHO OOMEXCHHAM (DYHKITIOHAITTY TIPO-
rpamu. Ha rpadixy moka3HHKIB TEIIOBHIIICHHS HaBe-
JICHI J1aHi 10 BCIM CTPYMEHSIM.

Obanouna

510_cmpyu

510.cmeux

Kpssunea y
Ljun_sepx

Puc. 1. Pesynbmamu 6izyanizayii pyxy naiuHo2o
cmpymeHs 00H020 CONI0B020 OMBOPY PONUTIOBAUA

Pesynpratn Bisyamizauii pyXy HajJHBHOTO CTpY-
MEHSI OJIHOTO COILIOBOTO OTBOPY PO3MHJIIOBAaya JI03BO-
Js€ 332 YMOB, BIJIOBIIHUX PO3PaxyHKOBOMY PEKUMY
(MakcuManbHa ToTyxHicTh 880 kBT mpu gactoTi obe-
pranHs kosinyatoro Bama 2600 xB[4]), BcranoBMTH
HaCTyIHE!

— CTpyMiHb TAJIMBA TUIBKK Yy CaMOMY IOYaTKy
PYXY, KOJIH MaluBO BUXOAMTH 3 OTBOPY PO3NHIIOBAYa,
nepeMilyeThCsl MM €0 eHepril manuBa; Hamami
CTpYMiHB TiJ IO €HEepTii BUXPOBOTO 3apsay PO3Bep-
TA€ThCS B CTOPOHY HOTO pyXy, II0 BOAHOYAC 30UIBIITyE
30HY Sipa U 00OJIOHKH CTPYMEHS,

— Tepiox 3aTpUMKH 3aiiMaHHA NHajllBa CKIATAE
4°TIKB (0,26 mc); moyarok 3aliMaHHs MPAaKTHYHO 30i-
raeTbesl 3 MOYATKOM 3MIHM HANPSMKY PyXY CTPYMEHIO
i1 i€r0 eHeprii BUXPOBOTO 3apsy;

— BUIPHMMH BiJl apiB MajnBa 3JIMIIAIOTECS 30HU
3a PO3MMJIIOBAYEM Y HAIPSMKY PyXy MOBITPSHOTO BH-
XOpy 1y LIEHTp1 KaMepH 3rOpsIHHS;

— 30UIBIICHHS] 30HU OOOJIOHKH CTPYMEHS IIPH po-
3BOpOTi B OiK pyXy MOBITps, NPAaKTHYHO 30iraerbes 3
MOMEHTOM  MaKCHUMaJbHOTO 3HAueHHs OOOJIOHKH
CTPYMEHS 1 MAaKCUMaJILHOTO TETIOBUIIICHHS

— MOMEHT 3aBEepIICHHS N0avi aJiBa MPAKTHIHO
BIAMOBIA€ 3HAYECHHIO MAKCHMAaJIbHOI IIBUIKOCTI TEII-
JIOBHIIJIEHHS,

— SIIpO CTPYMEHSI Ma€ KOHTAaKT 31 CTIHKaMH IOp-
IIIHIB B 3aBepIIANBHIN (a3i CBOro po3BHUTKY, ale, K 11e
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BUXOJHUTH 3 PO3PaxXyHKiB, HC BKa3ye BIUIMBY Ha IIBH]I-
KICTh TEIUIOBUIICHHS.

MaxkcuManbHa MBUIKICTh TETUIOBUAUICHHS MPH-
xXoauThes Ha KyT 368... 370°. 3akiHuyeThCs TEIJIOBH-
nminenas onnspko 3a 40° [IKB 3a BMT.

Ha ocHOBi oxmepkaHMX pe3yJbTATiB aBTOPaMHU
OyJI0 CTBOPEHO LIFOCTpAIllii PO3BUTKY CTPYMECHIB IS
muzenss 6UH12/2x12, sxuii Ma€ 4OTHPHU PO3MHIIIOBAYA 3
OJTHUM COTLJIOBUM OTBOPOM.

JlaHi, HaBe/leHI HA PUCYHKAxX puC. 2 Ta puc. 3, Ha-
OYHO MiJATBEPKYIOTh, IO CHEPris BIOPCKYBaHHS Ia-
JMBa Ma€ BIUIMB Ha TPAEKTOPII0 CTPYMEHS TUTBKU Ha
movaTKy moxadi manusa (2°-4°) [IKB; mami, Ha po3BH-
TOK CTPYMCHS OUIBII 3HAYHOIO MIPOIO BIUIMBAE IIBU]I-
KICTh BHXOpY y LmJiHApi 84 m/c) Ha paaiyci R = 29
MM, IIBUJKICTh CTPYMEHs MajuBa 3a pe3ysibTaTaMu
po3paxyHKiB ckiamgae 214,9 m/c.

] ———
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Puc. 2. Pozsumox cmpymeria 011 4OmMupbox po3nuiio-
sauis, 342° 345° ma 350° IIKB, 6i0nosiono

[ mm— N—

Puc. 3. Pozsumok cmpymeHia 0isi YOMUupbox po3nuiio-
eauyis, 355°, 360° ma 365° (3axinuenns nooaui naiusa)
IIKB, ionogiono

Bnnue 3minu yuxnoeoi nooaui

PesynbraTi Bisyauizauii pyxy HaJHBHOTO CTpY-
MEHS TIPH 3MiHi UKJIOBOT MO1avi MAIKBA (By) JO3BOJISIE
BU3HAYUTH YMOBH PO3IOAUTY NanuBa NpH (HOpcyBaHHI
JIBUTYHA i TIpH pOOOTI 31 3MEHILIEHHSIM HAaBaHTaKSHHSI.

Ilpu OWIHKK BIUTMBY 3MIHH IMKJIOBOI MOJavi Ha
PO3MOJIUI MAJUBHOTO CTPyMEHs B 00’€Mi KaMepH 3ro-
psiHHSL OynM OTpUMaHi pe3yJjbTaTH Bidyamizauii npu
3menmenid Ha 10% uukioBoi nogavi (puc. 4), i 36i-
nemieHiit Ha 10% (puc. 5) BigHOCHO BuXinHOi. Po3mo-
JIUT TaJUBHOTO CTPYMEHS IIPU ITOYATKOBIHA IMKIIOBOL
nojayi 300pakeHo Ha puc. 1.

SIk BHJHO 3 HaBEJCHHUX JaHUX 30UIBIICHHS 1 3Me-
HIIeHHs monavi manmwBa Ha 10% B He3HauHid Mipi

BIUIMBAE Ha PO3MOJIJ CTPyMEHs NaluBa IpPU BCiX 1H-
X He3MIHHHUX HapameTpax pobotu nsuryHa. [Ipupo-
JTHO IO 3MIHIOEThCS KOHTAKT CTPYMEHS 3 HOBEpX-
HEI0 MOPIIHS Ta IBHJIKICTH 1 KUJIBKICTh TEIJIOTH, IO
Bunimmnacsa. OgHak Tpeba BpaxoByBaTH, 1o Ipu (op-
CyBaHHI JBUTYHa, SKIIO 3a0e3reuyBaTd MOCTIHHUI
piBeHb KoedillieHTa HaUTUIIKY HOBITPS, TO IIUIBHICTH
3apsay 3pocTe i me Oyae JOHaTKOBO CIPHSTH PyHHY-
BaHHIO sipa CTPYMEHS, 3POCTaHHIO YacCTHHM MaJIvBa,
III0 BHIAPOBYETHCS, 1 3MEHIIECHHIO KUIBKOCTI MauBa,
sike Oyze MOTPAIUIATH Ha TIOBEPXHIO ITOPIIHS.

Pacnpedenerue monnuea no 30Ham

7 Obonouna |
510_cmpyu

4 519 cmesx |

| Kptsunca 4y

ijun sepx |

2

1

340 355 3T
Bnpuick u mennossidenenue
dx/dFi

/dFi
x

340 355 37¢

Yeon nosopoma x. 401

Puc. 4. 3uenwenns yuknosoi nooaui na 10%

PBCHPQL;QHQHUG monnusea no 3oHamM
Sigm pevs

4 510.cmesx

2

1

340

Bnpeick u mennosasideneHue
dx/dFi

d/dFi

Uo

340

Yzon nosopoma x.e 401

Puc. 5. 36invwenns yuknosoi nooaui na 10%

Bnnue 3minu euxpoeozo éionouennsn

3a BUXIJIHUMHU JAHUMHU BUXPOBE BigHOIIEHHS (Q2)
JopiBHIoe 8 [4], WBUAKICTH BUXOPY NPH LBOMY CTAHO-
BUTH 84 M/c. JIjst OIiHKHK BIUTMBY ) BUKOHAaHI po3pa-
XYHKH TPU BUXPOBOMY BiJHOIIEHHI 7 (LIBHIKICTH BH-
xopy 73,9 m/c) (puc. 6) i 6 (BHAKICTH BUXOpPY 63,3
Mm/c) (puc.7).

OTtpuMaHi pe3ysIbTaTH CBII4aTh, IO 31 3MEHIICH-
HSM IIBUAKOCTI  BHXOpPY, BifIOYBaeTbCsl MEHIIE
3HECEHHSI siipa CTPYMEHS 110 CTIHKM LMITIHAPA, BOJHO-
4yac 30ULIBIIYEThCS 30HA 32 PO3IMHIIOBAYEM Ta 3MEH-
IIYETBCS 30HA Y IIEHTPI KaMEpH 3TOPSHHSA, SKa BiIbHA
Bi mapiB manuBa. KiNbKICTh BHAINEHOT TEILIOTH i
LIBUJKICTh TEIUIOBH/IUICHHS TEX 3HWKAIOThCA. Tomy
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3MEHIIICHHS! BHXPOBOTO BiJHOIICHHS HEMOIUIBHO, a
MiIBUIIIEHHST BUXPOBOTO BiJHOIIEHHS 32 PaXyHOK yTO-
YHEHHS TEOMETPii BIIYCKHUX BIKOH MOKE PO3TJISIaTH-
cs, 0COOJTMBO TIPH 301IBIICHHI IMKIIOBOI MOAaYl Maiu-
Ba.

Pacnpedenenue monnuea no 3onam
e

59.cmpyu
4 519.cmenx

Kpesunea i
Ljun_sepsx

2

3140 355 370
Brpeick u mennoemidenenue
dx/dFi

d/dFi
x

340 370

Yzon nosopoma K.6. 401
Puc 6. Pozeumox nanugno2o cmpymeHs npu 6Uxpo8omy
gionowenni 1

Pacnpedenexue monnuea no 30Ham

sigm 06
59.cmpyu
4 519.cmesnx
Kpraunca y
Ljun_3epx

2

1

40 355

Bnpeick u mennoesidenenue

By d/dFi

x

40 355

Yzon nosopoma K.s 401
Puc 7. Po3eumox nanugno2o cmpymeHst npu UXpo8omy
sionowernni 6

Bnnaue 3minu kyma nowamky nodaui nanuea

3rifiHO 3 BHUXIJIHUMH JaHUMH KYyT [MOJadi MajnBa
craHoButh 19 ° mo BMT [5]. 3 Meroro BimcTexeHHs
BIUIMBY KyTa O Oyiam OTpHUMaHi pe3ysbTaTH PO3BUTKY
MAJIMBHOTO CTPYMEHs NpH 3MiHi KyTa 10 17° 1o BMT
(puc. 8) 121° no BMT (puc. 9).

Pacnpedenenue monnuea no 3oHam

Elgrg 06
Ao.cmpyu
4 Fld crmesx
Kprounex 4
B Lun_aspx
a
340 355 370 385
Bnpeick u mennossidenenue
dx/dFi /i
X
.03
.02
01

340 355 7o 385

Yeon nosopoma k.8 403

Puc. 8. Po36umox nanueno2o cmpymers npu 3MiHi Ky-
ma noyamxy nodayi naausa 0o 17 °

Jani mocnipkeHHsI BKa3yIOTh Ha TE, IO 3011b-
LICHHsI KyTa [MOYaTKy MOjadvi MajrBa HE3HAYHO ITiJBH-
[Iy€ TCIUTOBUUICHH, ajie Tpeba BpaXOBYBaTH, IO IIPU
30UTBIICHHI KyTa BUIICPEIKCHHS BIIOPCKYBAHHS ITAJIH-
Ba HCOJIMIHHO 3pOCTaTHME MAKCHUMAadbHHUA THUCK 3r0-

PSHHS.

Pacnpedenenue monnuea o 3oHaM

Sigm
4 Obanouxa
H19.cmpyu
4 Hd_cmenx
Kpraune o
) Ljun_aepx
A
335 350 365 380
Bnprick u mennossidenexue
dx/dFi =
x
.03
.02
Rl
338 350 365 380
Vzon nosopoma K.6. 399

Puc. 9. Po36umok nanueno2o cmpymemst npu 3mini Ky-
ma nowamxy nooaui naiusa 0o 21°

Bnnue mpueanocmi nooaui nanuea

TpuBanicTe momadi MaluBa Qenp I 0OpPaHOTO
LIBUJKICHOTO PEXHUMY 1 IIMKJIOBOi MOAaYi MajiuBa €
(YHKIIEI0 THUCKY BOPUCKYBAHHSA 1 JiaMeTpa OTBOPY
posnmmoBaya. [Ipy mocTiiHOMY 3HaueHHi JiameTpa
OTBOpPY PO3MIIIIOBaYa HA TPHUBANICTh MOJadi MalnBa
MOJKHA BIUTMBATH 3MIHOIO THUCKY BIPHCKYBaHHs. Tpu-
BaJIiCTh I1OJa4i MMajvBa 34 BUXITHUMH JAHUMH CTaHO-
Buth 24° I1KB [4] (puc. 1), B ganiii poboTi mocmimKe-
HO BIUIMB CKOpPOYCHHS TPHUBAJOCTI IIOJa¥i IaInBa
(MiIBUIEHHS THCKY BIPUCKYBaHHS) Ha (HOPMYBaHHS
MTAJIMBHOTO CTpyMeHs. Pe3ynbTaty Bizyanizamii po3BH-
TKY NaJHBHOTO CTPYMEHs NPH IOJiaui MajuBa, CKOpo-
4yeHol 1o 22 ° mpuBeneHa Ha puc. 10, mpu moxayi ma-
nuBa TpuBaiictio 20 © TIKB - Ha puc. 11. Sk BugHO 3
OTPHMAaHUX JaHWUX 3MEHIICHHS TPUBAJIOCTI MOAAYi Ima-
JIMBA MIPU3BOJUTH JI0 ICTOTHOT'O 30UIBIIEHHS NIBUAKOC-
Ti TEIUIOBUIIIEHHS, CAaMOTO TEIJIOBUIIEHHS 1, BiAmO-
BiJIHO, CTBOPIOE YMOBH JUIsl 3HW)KEHHSI BUTPATH T1ajIMBa
1 JI0 WiIBUINEHHS MMOTYKHOCTi JBUTYHA. Bizyamizaris
pyXy NajuBa BKazye Ha MOXJIMBICTb 3MEHUICHHS KOH-
TaKTy siJjpa CTPYMEHS 31 CTIHKOIO KaMepu 3TOpSHHS 1
30UIpIIEHHS 00’€My 30HHM BHIIApPIOBAHHS MalnBa HpU
CKOpPOYCHHI Yacy IoJavi MajuBa, TOOTO IIiIBUIICHHI
THCKY BIIPHUCKYBaHHS.
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Pacnpedenernue monnuea o 3oHam
Sigm 06
7

340 355 370 385

Bnpeick u mennosuideneHue
dx/dFi

03

.02

01

&

340 355 370 38

H

Yaon nosopoma K6
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Puc. 11. Ilanusnuii cmpymins npu naiueonooavi mpu-
sanicmio 20° IIKB

BniauB mnpocTropoBoi opieHTamii  comjoBUX
OTBOPIB PO3NUJIIOBAYA

[ouaTkoBHii BapiaHT mepenbadae po3TalryBaHHS
B po3MnuiIoBaya (pOpCyHKH OJHOTO OTBOPY MiZl KYTOM
150°[4] (puc. 12).

Puc. 12. Ilouamxoge po3mauysanis, Omeopu po3nu-
mosaua (f=150°) i pezynomamu eizyanizayii

Jlnss BU3HAYEHHS TEHICHIIH BIUIMBY OpI€HTAIl]
COIJIOBUX OTBOPIB PO3MUIIIOBAaYa, IPH IOCHIHKEHHI
PO3IIISIHYTI BapiaHTU PO3TAIyBaHHS OTBOPIB PO3IH-
mroBava minx kyramu 165 ° (puc. 13) 1 135 © (puc. 14).

Puc. 13. Posmauiysannss omeopy po3nuuiogaud
(6=165°) i pezynomam eizyanizayii

Puc. 14. Posmawiysannss omeopy posnumiosaid
(6=135°) i pezynomam eizyanizayii

3 nmaHux, HaBeJeHUX Ha puc. 13 i puc. 14 Ta Ha
rpadikax cTae 3pO3yMiIMM, IO 3MEHIICHHI KyTa
orBopy (135 °) mpuUBOOUTH OO MEHIIOTO 3HECEHHS
CTPYMEHSI BUXOPOM 1 OIIBIIIOrO KOHTAKTY 31 CTiHKOIO
LIJTIHpa HA MOMEHT 3aKiHYE€HHS PO3BUTKY ITaJHBHOTO
ctpymens. [Ipore mpu 30inbmIeHHI KyTa 3 XapakTepHi
OiplIe 3HECEHHS 1 MEHIIUH KOHTaKT CTpPyMeHs 3i CTi-
HKOIO mwitiHApa. OJHAK NMOKAa3HUKH TEIUIOBHIIICHHS
IpH FOMY HE 3MIHIOIOTBECA. HeoOXimHO BiA3HAYNTH,
LI0 NPU 3MEHIICHHI KyTa pO3TalllyBaHHS OTBOPY pPO3-
numoBada (135°), BIAMOBIAHO, 3MEHINYIOTHCSA BUIbHI
30HH 3a PO3IIIIIOBAYEM 1 B ICHTPI KAMEPH 3rOPSTHHSI.

Bnuius giamerpa oTBOpY po3NnuIIOBaya

Jlyist OLIHKM BIUIMBY JliaMeTpa OTBOPY PO3IHJIIO-
Baya HA PO3MOJUI MAJUBHOTO CTPYMEHS B 00’€Mi Ka-
MepH 3ropsiHHS OyJIM OTpHUMaHi pe3yJbTaTH Bi3yaiza-
wii pu #oro 3menenHi 3 0,5 mm 10 0,4 MM (puc. 15)
i 30inbmenHi 10 0,6 mum (puc. 16).

Sk BUAHO 3 JaHWX, HABEJEHUX HA IIIOCTpAIisX,
3MEHILEHHS JlilaMeTpa MPHU3BOAUTH O 3HAYHHUX 3MiH Y
PO3BUTKY CTPYMEHSI 1 MOKA3HHUKIB TCIIOBUILICHHS.

[To3nTuBHUHI e(eKT CcKIagaeTbes 3 ICTOTHOTO
3pOCTaHHs TEIUIOBHIUICHHS 1 IIBUAKOCTI TEIUIOBHI-
JICHHSI, 301IBIIICHHS SApa 1 30HH BUIIAPIOBAHHS MAJIMBA,
IIPU [[bOMY 3MEHIIYETHCS IUIOMIA KOHTAKTYy CTPYMEHS
31 CTIHKOIO IWITiHApA (AMB. rpadik).

OpHaK MpH aHai31 JaHUX TOCIIIKSHHS MIPH 3Mi-
Hi (3MEHIIIeHH]) JiaMeTpa OTBOPY PO3MIIIOBaYa HE0O-
X1THO BpaxoBYBaTH, 110 B PO3PaXyHKY NPHHUHSITO, LI0
3MEHIIEHHS JiaMeTpa OTBOPY HE BIIMBAE HA TPUBa-
JIICTh BIPHUCKYBAaHHS (BOHA 3alMIIAETHCS BUXiTHA -
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24°TIKB), a Take MOXJIMBO TUIBKM IIpU 30iJIbLICHH]
THCKY BIPHCKYBaHHS [1aJIHBa.

Yeon fosopoma K.6. 401
Puc. 15. Po3sumoxk nanusnozo cmpymens npu oiamem-
pi omeopy posnumosava 0,4 mm

Vzon nosopoma K.& 401
Puc. 16. Pozeumox nanugnozo cmpymens npu diamem-
pi omeopy poznumosaya 0,6 mm

BucnoBkn

IIpoBeneHi po3paxyHKH Ta Bi3yaslbHEe BigoOpa-
JKEHHsI Pe3yJIbTaTiB PO3PaxXyHKIB CyMIIIOYTBOPEHHS 1
3TOPSIHHS B ABOTAKTHOMY JIM3€li J03BOJISE CTBEPKY-
BaTH, II0:

1) Benuke BHUXpOBE BIIHOIICHHS B BHMKOHAHHMX
KOHCTPYKIISX JBOTAKTHUX JIBUTYHIB 1 BIPUCKYBaHHS
IajJrBa MPOTH OOEPTaHHS MOBITPSHOTO 3apsiay IpU3-
BOJUTH JI0 TOTO, IO (haKed PO3IHICHOTO IajIuBa 3a-
3Ha€ 3HayHOi jaedopmarlii i 3HECCHHS MAJTUBHOIO
ctpymeHns Ha nepudepiro K3. Tomy eHepris BIpUCKy-
BaHHA CTPyMEHs NIpH THCKy ynpuckyBanHs 50-70
MIla BruimBae Ha #oro opMyBaHHs JIMIIE HA TOYATKY
momaui mamuBa — 1°...2° TIKB, nami, Ha PO3BUTOK
CTpyMeHs B OUIBII 3HA4YHIM Mipi BIJIMBAa€ MIBHAKICTH
BHUXOPY B HATIHJPI.

2) YuM MeHIuni KyT pO3TalilyBaHHsS OTBOPY B PO-
3MWIIOBaYi, TOOTO YMM OijblIe BIPUCKYBAHHS NaJIMBa
CHPSIMOBAHO MPOTH OOEpTaHHS IOBITPSHOTO 3apsny,
TUM OiipIIe 3HECEHHS CTPYMEHS BHXOPOM 1 MEHIIEe

KOHTaKT IaJIuBa 3a cTiHKolo K3 Ha MOMEHT 3aKiHYEHHS
PO3BHUTKY AJIMBHOTO CTPYMEHSL.

3) Benukwii MO3UTHBHHN BIUIMB Ha XapaKTepHC-
THKY TEIJIOBUJIUICHHS HaJa€ THCK BIIOPCKYBaHHS abo
3MEHIIIEHHS TPUBAJIOCTI IT0/1ai IaInBa.

4) 30inbIIeHHS KyTa BHIIEPEDKEHHS NPU3BOIUTH
JI0 3pOCTaHHS IIBUKOCT] TETJIOBUIIIICHHS.

5) 3mina ukIoBoi nogayi Ha 10% i 3MiHa yacTto-
i obepranHsa KB Ha po3moain po3mopomeHoro maim-
Ba BIUTMBAIOTH HE3HAYHO i HE MOTiPIIYIOTH YMOBH PO3-
BUTKY TaJMBHUX CTPYMEHIB, TOMY IX 301JbLICHHS MO-
e OyTH BHKOPHCTAHO AJIS MiJBHIIECHHS MOTY>KHOCTI
JIBUTYHA, M0 BAYKIIMBO NPH 301IBIICHHI IHUKIOBOI TO-
J1adi rmajiuBa.

OTpHMaHi pe3yibTaTd € MepeyMOBOIO IS PO3-
pOOKH TeXHIYHUX pPillIeHb MIOJO MiJABUIICHHS cPEeKTH-
BHOCTI 3TOPSIHHS W TMaJMBHOI CKOHOMIYHOCTI TBOTAKT-
HOTO Ju3elsi Ta po3poOKH pekoMeHnalil i3 3abesrme-
YeHHs1 HOBOTO PiBHS (DOpCyBaHHS.
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HCCJEJIOBAHUE BJIASIHUIN YCJIOBUI CMECEOBPA3OBAHMS IIPU ®OPCUPOBAHUM
OMIMIO3UTHOTI'O IBYXTAKTHOI'O JU3EJIA

AT Jlan, H.B. Ilapcadanos

B pabote mpoBemeH aHanM3 cMmeceoOpa3oBaHUS M MyTed MOBBIEHHA 3()(EKTHBHOCTH CrOpaHMs TOIUIMBA B BBICOKO-
(hOpCHPOBaHHOM JIBYXTAKTHOM JU3€JIE C MOPIUIHAMH, JBHKYIIMMUCS B IPOTHBOIOJIOKHBIE CTOPOHBI.

VYBennueHne JTUTPOBOH MOIIHOCTH TPeOyeT COOTBETCTBYIOIIETO yBENIUUCHUS HUKJIOBOW ITOJaYM TOIUIMBA, KOTOPOE HEO0O-
x0auMo 3 GeKTUBHO CxKUraTh B orpanndeHHoM npoctpaHctBe KC. Kak H3BeCTHO, IMEHHO MPH MOJHOM U CBOCBPEMEHHOM Cro-
paHMM TOIUIMBA JOCTUraeTcsi SKOHOMMYHOCTh M 3(dekTuBHas paboTa TEIUIOBOW MAIIMHBIL, a (OPMHUPOBAHHME TOILUIMBHO-
BO3JIYIIHOHM CMeCH ABJIAETCS BaXKHBIM yCIIOBUEM ATl oOeclieueH s KadyeCTBEHHOTo Tpoliecca cropanus. [l ucciaenoBaHus BIH-
SIHUSL OTJIENbHBIX KOHCTPYKTHBHBIX MapaMeTpoB Ha paboumii mpouecc OBUIO MCIOIB30BAHO MAaTEMAaTHUECKOE MOJEIMPOBAHHE
pabodero mporiecca Ipy UCTIOIb30BaHNH porpamMmuoro komiuiekca JJIM3EJIb-PK, xoTopslit OTHOCHTCS K Ki1accy TepMOIMHAMH-
YEeCKUX IPOTrpaMM, a TaKKe NMPpOorpaMMBbl BH3yallH3al[uy IPOIecca IBIKEHHS TOIUTUBHBIX cTpyi. OIeHKa BIMSIOIINX Ha ITOKa3a-
TENM JBYXTaKTHOTO Ju3eis (haKTOPOB IPOBOAMIIACE IO PACIIPEACNICHUIO TOIUIMBA 110 30HaM (IPMBEICHBI WILTIOCTPALMN) U O
pe3yabTaTaM pacueTa BIPHICKA W TEIUIOBBLICNCHUs. PaccMOTpeHBI Takue (aKkTopbl, Kak W3MEHEHHe (yBENIMUeHHE) HUKIOBOW
Hofa4u Ipu (UKCHPOBAHHOM 3HAYEHHM KO3 (HIMEHTa 0, I3MEHEHHE BUXPEBOTO OTHOLICHHS (HaMpaBleHHE BIIPHICKA TOIUIMBA
3aBUCUT OT MHTEHCHUBHOCTH M HANpAaBIICHHS BPAILICHHUS BUXPS BO3IyXa), YroJl Hadana MMOJadH TOIUINBA, N3MEHEHUE MPOIOIDKHU-
TENBPHOCTH TIOJIau¥l TOIUTHBA, U3MEHEHHUE pacIpe/ie/IeHns] TOIUINBA B 00beMe KaMephl CropaHus (3a CUeT M3MEHEHHs IPOCTPaH-
CTBEHHOU OPUEHTAIMN COILUIOBBIX OTBEPCTHH PACIIBUIUTEIS U X IHAMETpa).

ITo pe3ympTaTaM pabGoOTHI YCTAaHOBJIEH XapaKTep M3MEHEHUs paclpeleeHHs TOIUINBA, Ae(hOpPMUPOBAHUS TOIUTMBHOTO (a-
KeJla B KaMepe CTOpaHMsl U3elsl ¥ BO3MOKHOCTh YMEHBILCHUSI KOHTAKTa sifpa cTpyH co cteHkoit KC u yBennuenus oobema 30-
HBI MCTIapeHMs TOIUIMBA MPU COKPAICHUH BPEMEHH TOILTHBONOJa4H. IloTydeHHbIe pe3ynbTaThl SIBISIFOTCS MPEANOCHUIKON IS
pa3pabOTKH TEXHUUECKUX PEUICHUH 0 00eCcIIeYeHHI0 HOBOTO YPOBHSI (hOPCHPOBAHMS M HOBBIIICHHE TOIUTMBHON SKOHOMUYHOCTH
JIBYXTaKTHOTO AW3eIs U pa3pabOTKH peKOMEHANuii O MOBBIIIEHHIO 3()(HEKTUBHOCTH CTOPAHHSI.

KnroueBble ciioBa: MBYXTaKTHBIH JW3€Ib C BCTPEYHO-TIPOTUBOIOJIOKHBIM JBIM)KEHHEM IOPIIHEI; cMeceoOpa3oBaHHE H
CropaHue; UKIOBas Iojjada TOILIMBA; BUXPEBOE OTHOIICHHE,; TOIUIMBOIOa4a; KaMepa CrOpaHusl; BIPHICK TOIUINBA; TOILIUBHAS
CTpPYsl, pacIipe/ieNieHne TOILIHBA.

RESEARCH OF FUEL/AIR MIXING CONDITIONS INFLUENCE IN UPRATING OF OPPOSED-PISTON TWO-
STROKE DIESEL ENGINE

A.G. Lal, 1.V. Parsadanov

The article analyzes fuel/air mixture formation and ways to increase the fuel combustion efficiency in a highly-forced 2-
stroke boxer diesel engines.

An increase in liter capacity requires appropriate increase in cyclic fuel supply, which must be efficiently burned in the lim-
ited space of the combustion chamber. As it is known, it is at full and timely combustion of fuel that economy and efficient oper-
ation of a heating machine are achieved and the formation of a fuel-air mixture is an important condition for ensuring a quality
combustion process. To study the influence of individual design parameters on the working process, we used mathematical mod-
eling of the working process using the DIESEL-RK software package, which belongs to the class of thermodynamic programs, as
well as the program of visualization of the process of fuel jets movement. The assessment of factors influencing the two-stroke
diesel engine indicators was carried out on the basis of fuel distribution by zones (illustrations are given) and on the basis of the
results of injection and heat generation calculation. Such factors as a change (increase) in the cyclic feed at a fixed value of the
coefficient a, the change in the vortex ratio (the fuel injection direction depends on the intensity and rotation direction of the air
vortex), fuel supply start angle, change in the fuel supply duration, change in the fuel distribution in the combustion chamber
volume (by changing the spatial orientation of the nozzle openings of the atomizer and their diameter) have been reviewed.

The nature of the change in the fuel distribution, the fuel jet deformation in the combustion chamber of a diesel engine and
the possibility of reducing the contact the core of jet with the combustion chamber and increasing the fuel evaporation zone vol-
ume with a reduction in fuel delivery time are established in research result. The results obtained are a prerequisite for the devel-
opment of technical solutions to ensure a new level of forcing and increase the fuel efficiency of a two-stroke diesel engine and
development of recommendations for improving combustion efficiency.

Key words: two-stroke boxer diesel engine; mixture formation and combustion; cyclic fuel supply; vortex ratio; fuel sup-
ply; combustion chamber; fuel injection, fuel jet; fuel distribution.
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