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YK 621.436.12
OneHKa TeXHIYECKOr0 COCTOSIHUS IN3e/Is1 METOI0M ONMOPHBIX BEKTOPOB
M.H. Ilan4yenko, B.B. I'paues, A.B. I'puiienko
OI'BOY BO «IletepOyprekuii TOCYAAPCTBCHHBIA YHABCPCHTET My Tel cooOmenna MmnepaTopa Anekcanapa [»
Diesel engine technical state assessment by the support vector machine

M.N. Panchenko, V.V. Grachev, A.V. Grischenko

Emperor Alexander I St. Petersburg State Transport University

IIpobnema KOHMPOIS U NPOCHOIUPOBAHUSL USMEHEHUS] MEXHUYECKO20 CO-
CMOSIHUSL. MPAHCNOPMHO20 OU3ejisi 8 npoyecce sKcnryamayuu 6e3 ucnoib306d-
HUSL OOPO2OCMOSIYUX CPeOCm8 DOPMoBoll OUACHOCMUKYU He mepsiem C8oeli dK-
myaneHocmu. CogpemeHHbie Cucmemvl YNpaeieHus OU3eabHbiX ogueamereii 00-
pabamuieaiom OOILULOT 00BEM UMEPUMeTbHOl UHpOpMAyUL, KOMOPLI MO-
oicem Obimb UCNOTBL30BAH O] (POPMUPOBAHUSI BEKMOPA OUACHOCMUYECKUX NPU-
3HAKOB U NOCIeOYVIOWell ABMOMAMUYECcKoll UOeHMUpUKAyUYU COCMOSHUSL Y3108 U
cucmem ogueamersi ¢ UCNOIb308AHUEM MEMOO08 MAUMUHHO20 0DYyYeHus. B cma-
mbe paccmomper cnocod uoeHmuurayuy COCMOosIHUSL MENI0803HO20 OU3eIs NO
pesyrvmamam wavelet - ananuza Kpueoti HANPSICEHUSL HA 8bIX00€ UMNYTbCHOSO
OamyuKa 4acmomvl SPAULEHUS KOJCHYAMO20 8dld C UCNONB30GAHUEM MEmood
ONOpHBLX 8eKMOPOE. Hcnonv306anue TUHeH020 KIldccuguramopd, CuHme3upo-
BAHHO2O C UCNONB30BAHUCM OAHHO2O Memood, obecneyusaem UoeHmupurayuio
COUHUYHBIX OMKA308 ¢ moyHocmvlo 00 [00%, muoxcecmeeHnvlx OMKA308 ¢

moyunocmuio 75-100%.

Kroueswie ciosa: ousenviviil Oeueameﬂb, OYEHKA MEXHUUECKOCO COCNOA-

HUsl, HEUPOHHbIE Cemu, MemooO ONOPHBIX 8EKIMOPOB.

The problem of monitoring and forecasting changes in the technical con-
dition of the transport diesel engine in the process of operation without using
expensive on-board diagnostics does not lose its relevance. Modern control sys-
tems for diesel engines handle a large amount of measurement information that

can be used to form the vector of diagnostic features and subsequent automatic



identification of the state of the nodes and engine systems using machine learn-
ing techniques. In the article the way of identification of diesel locomotive diesel
locomotive by the results of wavelet - analysis of the voltage curve at the output
of the impulse speed sensor of the crankshaft using the support vector machine
is considered. The use of a linear classifier synthesized using this method pro-
vides identification of single failures with an accuracy of 100%, multiple fail-

ures with an accuracy of 75-100%.

Keywords: diesel engine, reciprocating engine, technical condition as-

sessment, neural networks, support vector machine.

Onenka kauecTBa pabovero npouecca B UIMHIPAX MHOTOLMIMHAPOBOTO
TPAHCIOPTHOTO AU3EIISI MO U3MEHEHUIO MTHOBEHHOW YaCTOThI BPALLIEHUS KOJICH-
YaToro Bajia Mo-MpeKHEMY OCTACTCS AKTYAIBHOW 3a1a4€i, MOCKOIBKY MO3BOJIS-
€T NOBBICUTH MAPAMETPUUECCKYIO HAAC)KHOCTh KaK JBUTATENS, TAK U TPAHCIOPT-
HOTO CpEeACTBA B IEJIOM 0O€3 MCMONb30BAHUS JOPOrOCTOSIIIMX amnmapaTHbIX
CPEICTB KOHTPOJIS NApaMETPOB paboyero npouecca OTASIbHBIX IAIUHAPOB.

B npocreiiiem ciiyyae oHa nmpeAcTaBisieT coO0i 3aaa4y IByMEpHOi (Ou-
HAPHOM ) KiTaccu(PUKaIMU, COCTOSIIYIO B OTHECEHUH BEKTOPA AMArHOCTUYECKUX
npusHakoB X = {x° ...x™} mu3ens Kk OMHOMY U3 IBYX KJIA4CCOB COCTOSIHMI («HC-
NpaBeH» WM «HEUCHPABEH»). PemaroTcs Takue 3aJadyd C MCHOJb30BAHUEM
KJIACCU(PMKALMOHHBIX aJITOPUTMOB MAIIMHHOTO o0yuyeHus [1] (kmaccudukaro-
POB), ONMPEACIAOIIMX TEKYIIEE MOJOKEHUE BEKTOpPa X MUArHOCTHYECKHUX MPH-
3HAKOB B /M-MEPHOM MPOCTPAHCTBE COCTOSIHUH OOBEKTA AMATHOCTUKHA OTHOCH-
TenbHO m-1 — MepHoit nosepxHocty Z = f(x°,...,x™ 1), pasnensromeii knac-
CBhI COCTOSTHUIA.

JUts onpeneneHus KOOPAMHAT TMOBEPXHOCTH Z MOTYT MCMOJIb30BATHCS
pasnuuHbie MeTOAbl (HauBHBIA baiiecoBckuii knaccuduiartop, k-Onmvkaimmx
cocenei, IepeBO PEUICHHIA, METO/I OMOPHBIX BEKTOPOB, HEHPOHHBIE CETH U T.1. ),

N3 KOTOPBIX HanOOJIbIIICE BHUMAHUE HUCCIIC0BATEIICH IIPUBJICKAIOT B HACTOALLICC



BpeMSs (M BIOJHE 3aCITYKEHHO) METO/IbI, UCIOJB3YIOIIME anmnapaT UCKYCCTBEH-
HbIX HelpoHHbIX ceteid (HC) [2,3.4]. Onnako, Hapsay ¢ O€3YCIOBHBIMM JTOCTO-
WHCTBAMU (pacnapauicIMBAHUE BBIYMCIICHUN, YHUBEPCAIBHOCTh MO OTHOLIE-
HUIO K PA3MEPHOCTH U (POPME pa3aeIIIOIEH MOBEPXHOCTH, aJalITUBHOCTD, €11~
HOOOpa3Hue MOIX0A0B K (POPMUPOBAHUIO CTPYKTYPHI, OOYUEHHIO U Mepeolyye-
HUIO CETH U JIP. ), HEHPOCETEBBIE METOIbI KJIaCCU(PUKALMHU XaAPAKTEPUIYIOTCS, 10
KpaitHeil Mmepe, omHuM 00IMM HeaocTaTkoM. OH 3aKIH0YaeTCs B TOM, YTO HEOO-
XOJUMBIM YCIIOBUEM BBICOKOTO KadecTBa OOYUYEHHMS] HEHPOCETEBOro Kiaccudu-
KaTopa SIBJISICTCS 3HAYMTEIBbHBIA (OT HECKOJIBKUAX JECATKOB /10 HECKOJBKHAX CO-
TEH 00pa3LoB I KaKIOTO Kacca COCTOsTHUS) 00beM oOyuaromeil BeIOopku. B
OTJMYME OT CUCTEM MEIMIMHCKON AMArHOCTHKH M CUCTEM pacro3HaBaHUs 00-
pa3oB, (OPMHPOBAHME BBHIOOPOK TAKOTO OOBEMA JUISi CUCTEM JTUATHOCTUKH
CJIO’KHBIX TEXHHUYECKUX OOBEKTOB, K KOTOPBIM OTHOCATCSI TPAHCIIOPTHBIE TU3ETH
000K MOIIHOCTH, MPEACTABISIET OYEHb CEPhE3HYI0, BO MHOTMX Cly4yasx He-
paspelmmMyro npoodsiemy.

MeTon ONOpHBIX BEKTOPOB (Support Vectors Machine ) mO3BOJSET Onpe-
JEJINTh KOOPAUHATH ONTHMAJIBHON pa3eNIOICi TMIEPITIOCKOCTH Z € UCTIOJb-
30BAHMEM TOJIKO OMmmkalimx K Heil o0pa3noB oOywaromiei BBIOOPKH, TpH
3TOM OCTaJIbHBIE OOPA3LBl HE MCHOJIB3YIOTCS, YTO MO3BOJISIET CYIIECTBEHHO (B
pa3bl) YMEHBIIUTHL 00beM O0yYaroNieid BEIOOPKH, HEOOXOAUMBINA Il OOYUYCHUS
Knaccuukaropa. B 3aBUCMMOCTH OT pacmoyioKeHHs 00JiacTeil mpOCTpaHCTBA
NPU3HAKOB, COOTBETCTBYIOIIMX PA3JIMYHBIM KJIacCaM COCTOSIHUS JIBHTATENIs,
oOyJaromast BBI0OOPKa MOXKET ObITh TMHEHHO Pa3ICIMMON U HEPA3ICTUMOHN.

Paccmotpum ciyuali nmuHelHO pazaenuMoi BeIOOpkM [S]. MmeeTcst BbI-
Oopka (IPU3HAKK) X;, TIE X; € R” U MHOKECTBO OTBETOB (KJ1accoB) y; € {-1, 1},

i=1, ...,/ Heobxoaumo moCTpOUTh JUHEHHBIN MOPOTOBBIN KiacCupuKaTop:

a(x) = Slgn(Z] L wjx! a)o) = sign({w, x) — wy), (1)

10



rae x = (x', ..., X™) — npu3HakoBoe omucanue o0bekTa X, ® = (®!, ..., ®™) € R™
— HOPMAJIBHBIN BEKTOP THITEPINIOCKOCTH U (O — CKAISPHBIHN ITOPOT.
VYpaBHeHuE (W, X) — Wy = 0 OMHUCHIBACT TUICPILIOCKOCTD, Pa3CIIAIOIIYIO
KJIacChl B IpocTpaHcTBe R™. Pa3MEPHOCTD THIIEPIITIOCKOCTH paBHA m-1.
[Tpouecc MOCTPOECHUS PABACISIOMICH THNEPIIOCKOCTH 3aKIIFOYACTCA B
PELICHUH 33/1a4¥ KBaAPATUYHOIO MPOrPaAMMHUPOBAHHUS, KOTOPast CBOAUTCS K IO-

UCKY CEIOBOM TOUkM (pyHKIMU Jlarpanxa:

1 min;
L) = %:1 A; —3 %:1 2§'=1 A Ajyiyj«xi;xj)) - 2

1,=0i=1,..,1 (2)
%:1 Ay =0,
rJie A; — MHOKUTEM JlarpaHxka.

KBagpaTtnuHblii (yHKIMOHAI UMEET HEOTPULIATEIBHYIO BBINYKIIYIO KBaJ-
patuuHyto popmy. OOnacTh, onpeaensemMas OrpaHUYEHUSIMA HEPABCHCTBAMU U
PABEHCTBAMHM, TOXKE BBINYKJIAs, CICAOBATEIbHO, JAaHHAs 337a4a MMEET C/IWH-
CTBEHHOE PEIIECHHUE.

[Tocne onpeneneHus BceX MHOKHUTENEH Jlarpanika yYuTBIBAOTCS TOJIBKO
A; >0, a Bce MHOXKUTENIM paBHbIC HYNIO oTOpachiBatoTcs. [Ipu3Haku, As KOTo-
PBIX MHOXMTENB JlarpaHka MOJIOKUTENEH, SBJISIOTCS ONOPHBIMH BEKTOPAMMU.
HopManbHblli BEKTOP TMIEPINIOCKOCTH ONPEAEIACTCA TMHEHHONH KOMOMHAUKEH
00y4aroImux MpU3HAKOB:

® = Yiq A XY 3)

CKalspHBIM TOPOT OMPEICNIIETCS M3 PaBEHCTBA Wy = (W, X;) — y; JUIA
MPOU3BOJIBLHOTO OMOPHOTO BEKTOPA.

B urore anroputMm NMHEHHON pa3AenvMoOi KiacCU(PUKALUU MOXKET OBITh
ONPENEIEH CICTYOIMM 00pa3oM:

a(x) = sign(Tley Lyi(x, 1) — ). )

B ypaBHeHur (4) cyMMUpPOBaHUE MPOU3BOAUTCS HE IO BCEM MPU3HAKAM, a

TOJIBKO I10 OIIOPHBIM BCKTOPAM.

11



B cnydae nuHelHO Hepa3AaenuMol Kiaccu(PUKanuu BBOJATCS JOMOTHU-
TENbHBIE KOA()PUIIMEHTHI, MO3BOJISIONIME OMUOATHCS AJIrOPUTMY Ha 0O0ydaro-

nmx 00bekTax. Toraa (2) mpuMeT BUI;

1 min;
L) = %:1 A — 52%:1 2§'=1 A Ajyiyj«xi;xj)) - 2
o<A<Ci=1,..,1 (5)
%=1 Al’ yi = OJ

rae C — ko3ppuumeHT omudku. C MOMOIIBIO 3TOr0 KO3 PUIMEHTa PEryaupy-
€TCsl BOXKHOCTh JBYX NPOTHUBOpEHAIMX TPeOOBaHWIA: MoJIoca, Pa3ACHsroImas
KJIACCBhI, TOJDKHBI MAKCUMAJIBHO INMPOKOM; OIIMOOK TOJHKHO OBITh KaK MOKHO
MEHBLIE.
PaccMOTpUM BO3MOKHOCTH MCIIOJIB30BAHMSI METOJA OMOPHBIX BEKTOPOB
JUIS. OLEHKHA TEXHUYECKOrO COCTOSIHMS TEIIOBO3HOIrO nm3ens tuna 16UH26/26
(1-81I"). MUcxoaHBIMU JAaHHBIMU ISl AMATHOCTUKH SIBJISIFOTCSL CKATOTPAMMBI BbI-
XOJTHOTO HAMPSDKEHUS UMOYJIBCHOTO MPeoOpa3oBaTelist 4YacTOThl BPAILCHUST KO-
JIEHYATOr0 Baja JM3elis, BXOIALIEro B cocta peryisaropa DPUM30T, 3anucan-
HOro mpu padbote auzens B pexumax 350, 770 u 845 00/MHH Kak CO BCEMM pa-
OO0TAONIMMK WIMHAPAMH, TAK U TIPUA OTKIOYEHHBIX 5-M U 8-M MPABBIX [[UJIMH-
apax [6]. B ckajiorpamMmax BBIIEISIFOTCS CEYCHUS (MACITAObl) ¢ MAaKCUMAIbHOMN
SHEPrueil, KoTopeie pazduBaroTcs Ha 16 (MO KOMTWYECTBY LMAJIMHAPOB) UHTEPBA-
JoB 1o 15 mMnynabcoB (3yObeB) B KaxkaoM. [lomyueHHble (pparMeHTHl CKaslo-
IrpaMM CPaBHUBAKOTCS C HCIOJIB30BAHUEM KO3(P(PUIMEHTOB ABTOKOPPESALUU
[Tupcona. 3areM BBINOTHSETCS CMEIICHUE CKaJIOorpaMMbl Ha 1 MMITyJibC, OCIE
4Yero CpaBHECHUE MOBTOpsETCs. llpuMep aBTOKOPPENSLUMOHHON MaTpuLbl AJs
pekuma 770 06/MuH NpU BceX padOTAONIMX [WJIMHIPAX ABUTATENIs MPUBEICH B
TaGmuue 1.
Tabmuna 1

Marpuna ko3 puireHToB aBTokoppensuuu [Tupcona jist pexuma 770
00/MHH MpU Bcex padOTaIOMUX [IMJIUHIPAX

Oprm m

3y6 1L [ 2 [ 3 [ 4] 5| w1213 ] 14
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1 0,989 | 0,998 | 0,989 | 0,999 | 0,974 0,984 | 0,968 | 1,000 | 0,970 | 1,000
2 10,990 (0,998 0,990 | 0,999 | 0,984 0,990 | 0,977 [ 0,999 [ 0,968 | 1,000
3 0,990 [ 0,997 | 0,991 | 0,995 | 0,984 0,980 [ 0,962 [ 0,999 [ 0,978 | 1,000
4 10,984 ]0,997 0,992 {0,999 | 0,984 0,978 | 0,960 | 1,000 [ 0,976 | 1,000
5 0,991 [ 0,997 | 0,990 { 0,999 | 0,991 0,987 [ 0,970 [ 0,990 [ 0,983 | 1,000
6 0,984 0,997 (0,993 [ 0,991 | 0,984 0,994 [ 0,935 [ 0,999 | 0,971 | 0,998
7 10,983]0,997 [ 0,990 [ 0,998 | 0,984 0,994 | 0,964 [ 0,999 [ 0,968 | 1,000
8 0,970 [ 0,999 | 0,985 | 0,088 | 0,984 0,999 [ 0,961 [ 0,985 [ 0,965 | 1,000
o 10,979]0,999 | 0,991 [ 0,986 | 0,984 0,999 [ 0,972 [ 0,998 [ 0,962 | 0,999
10 |0977[0,999 [ 0,991 [ 0,997 | 0,983 0,995 [ 0,970 [ 0,997 [ 0,972 | 0,999
11 |0962[0,999 | 0,984 [ 0,991 | 0,982 0,997 [ 0,968 [ 0,999 [ 0,956 | 0,999
12 109820997 0,983 0,996 | 0,969 0,996 | 0,978 [ 0,999 [ 0,967 | 0,999
13 |0,969[0,997 [ 0,989 [ 0,995 [ 0,979 0,997 [ 0,977 [ 0,998 | 0,977 | 0,998
14 [0,950[0,998 | 0,969 | 0,988 | 0,986 0,993 [ 0,985 [ 0,998 | 0,962 | 0,998
15 |0974 (0,998 | 0,979 | 0,998 | 0,976 0,990 | 0,974 [ 0,997 [ 0,973 | 0,997

OOyuaroias BHIOOpKa BKJIIOYAET MATPHIBl KO3((PUIIMEHTOB aBTOKOPpE-
JSUUKA JUTsE UICIIPABHOTO JIBUTATENSl M JUISl JBUTATENSl C OTKJIFOUEHHBIM LWJIMH-
JPOM IPH OJMHAKOBOM 4acTOTe BpalleHus. MicnpaBHOMY JBUTATENO0 COOTBET-
CTBYET NMpH3HAK Kjacca {+1}, 1BAraTeto ¢ OTKIIFOUYEHHBIM HUAHHAPOM {-1}.

C nenpro o0ecnevyeHrst BO3MOKHOCTH BU3yallM3allMKl PE3yJIbTaTOB 00yye-
HUSl KJIacCU(UKATOPA MPEABAPUTENBHO BBINIOJHEHO YMEHBIICHUE PA3MEPHOCTH
BEKTOPA JUArHOCTHYECKHUX MPU3HAKOB [7] METOIOM S5-KpaTHOM MEpPEKPECTHOMN
nPOBEPKH (Kpocc-Bamaanyn). [Ipu 3T7oM ncxoaHas BEIOOpPKaA pazaensercs Ha S
OJIMHAKOBBIX HEMEPECCKAIOMIMXCS MATPHILL, MTOCIIE YEro KaKaas U3 Marpul B MO-
PSIKE OYEPENM BBICTYMACT B KAYECTBE KOHTPOJBLHOW BBIOOPKH, a OCTalbHBIE
00BEUHSAIOTCS B 00yUarollyto BeIOOPKY. KadecTBo knaccudukaropa onpeaeis-
€TCsl YCPEAHEHUEM OIIUOOK 1O BCEM KOHTPOJIBHBIM BbIOOpKaM. B pesynbrare u3
BCETO0 MAacCHBa BHIOOPKM BBIOMPAKOTCS JIBa CTOJI0IA MPU3HAKOB C HAMMEHBIINM
3HAQYCHHUEM OILIHUOKH, T.€. HAKOOoJIee 3HAUMMBbIE. 3a/1a4a ONPEACICHUS Kaccupu-
KaTopa CTAHOBHUTCS JBYMEPHOM, & TUIIEPIUIOCKOCTh BBIPOKAACTCS B TIPSIMYIO.

JUts onpeaeneHust THIEPIUIOCKOCTH HavdallbHas BHIOOPKA CITydaiHbIM 00-
pa3oM pazOuBacTcs Ha 1BE B cooTHOMIEHUN 80% oOyuaromas Beioopka u 20% —

KOHTpPOJIbHAA. B pe3ynpTate pelicHrs ONTHMH3ALMOHHONW 3amaun (5) ompenae-
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JAKOTCA MHOKHATENN Jlarpanika, a 1o HUM HOPMAJIbHBIN BEKTOP THITEPIIIOCKOCTH
(W ¥ CKJISIPHBIN ITOPOT Wy.

TodHOCTh KiTaccuPpukaTopa onpeaeseTcs no Gopmyiie:

TP
TP+FP

AC = 100, (6)

rae TP — KOIMYeCTBO NMPU3HAKOB, MPABUIBHO KJIACCU(PUIIMPOBAHHBIX; /P — KO-
JMYECTBO MPU3HAKOB, HEBEPHO KITACCH(PUIMPOBAHHBIX.

OCHOBHBIE pE3yNbTATBl ONPEACICHUS JIMHEHHON THIEPIIIOCKOCTH IS
PA3JIMYHBIX YaCTOT BPAILCHUS KOJEHYATOrO W COCTOSHUS OW3ENs (COUeTaHUs
OTKJIFOUEHHBIX [WIMHIPOB) NPEACTaBJICHbI B Tabnuie 2.

Tabnuna 2

[TapameTpbl TUHEHHOTO KiTACCU(UKATOPA TPH PA3IMYHBIX COUETAHUSIX
OTKJIKOYEHHBIX TUIMHAPOB

Howmepa ot- Kon-Bo HobMalbHb
n, 00/MuH KJIFOUEHHBIX OTIOPHBIX P AC, %
BEKTOD, O
L[I/IJ'II/IHI[pOB BeKTOpOB

5 3 (:0,035 0,042) 100
8 18 (27,6 41,2) 75
350 5,8 9 (0.005 -0.005) 79
ObnepuHenyas 20 (0.041 0.02) 77

BBIOOpKA
5 15 (-16.7 20.8) 83
8 2 (:37.778.2) 100
770 5,8 6 (-0.006 0.025) 96

06

peAtHeHHaA 24 (0.033 0.063) 77

BbIOOpKA
5 3 (6.13 6.21) 100
8 5 (0.007 0.03) 96
845 5,8 8 (0.68 0.27) 02
Obsenmmennas 19 (0.38 0.54) 85

BBIOOpKA

BusyansHoe npencrasienne OWHAPHOTO JTMHEHHOTO Kiaccu(ukaropa npu
MAaKCHMAJIbHOM U MUHAMAJIbHOW TOUHOCTH Pa30MEHMs KJIACCOB MOKA3aHO HA PHU-

CyHKax 1 wu 2.
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Hccnenosanue BAUAHHS HHAHKATOPHOI0 KaHA/Ia
HA TOYHOCTb H3MepeHHs AaBjieHus B nuiaunape IBC

A.WU. TpyHnos, A.1O. Konbkos, I'.b. I'opeaux
TuxookeaHckuti 20cy0apcmeentbiil yHugepcumem

Investigation of the Influence of the Indicator Channel on the In-Cylinder
Pressure Measurement Accuracy for ICE

A.L Trunov, A.Yu. Konkov, G.B. Gorelik,

Pacific national university

B nacmosuyee epemsi omevecmeennvie u 3apyoeschvie hupmvl 6binycKd-
1om 6obULOe YUCTO IIEKMPOHHBIX UHOUKAMOPOE, pa3pabomanHbiX OJis YCI06UT
SKCHILYamayu ¢ YCMAaHo8Kol OamyuKa Odelienuss 4epe3 WmamHulii UHOUKA-
mopuuiti Kpan. B bonvuiutcmee ciydaes npooiema uCKaxiceHus, UHOUKAmMopHot
ouaspammvl nPocmo ucHopupyemcs. FEciu Onsi Manioobopommusix ogueamelel
MAaxoii No0xXo0 GnoJiHe Npuemiem, mo no mepe yeeaudenus OblCmpoxoOHOCHU
ogueamejisi 6OIHOBOT XAPAKMeEp paAcnpocmpaneHus OasieHus 6 UHOUKAMOPHOM
KaHaile oKazuledem CYuecmeenHoe GausHue Ha pesyabmamovl adHaIu3d UHOUKA-
mopHoti ouazpavmel. 1lenvio nacmosiyeil pabomul SGIAIOCh USYHEHUE XAPAK-
mepa u cmeneHu GLUSHUS WMAMHO20 UHOUKAMOPHO20 KpaHa ouszens YH26/26
HA pe3ylbmamsl AHAAU3A UHOUKAMOPHOTL ouazpammel. Flccieoosanue 6uinoiitsi-
JIOCL € NOMOWBIO MAMEMAMUYECKOU MOOeIU medeHus: 2azd 6 NPsIMOM YUiuH-
Opuyeckom Kauaie, ydumviéaioujell mpemnue, meniooomen u nepemenHylo CKo-
pocmu pacnpocmpanenst 36yKo6oli 6olHvl. B pabome npeocmasienivi pesyiib-
mamul CpasHenusi OasieHuss Ha KOHYAX UHOUKAMOPHO20 KAHAA, d MAKiCe Xd-
PAKmMepucmuKky meniogeloeieHus, noaydentsie ux ananuzom. Ilokasano, ymo
pazoseie OMKIOHEHUS HENOCMOANHBL N0 PEeMeHI YUKIA U, C1e008AMeNIbHO, He
Mocym Ovimb  CKOPPeKmupoBatvt. NPOCMbIM  CMeUjeHUeM CUSHANA OdGIeHUSL.
Haubonvuie owubru GO3HUKAIOM NPU OYEHKE CKOPOCMU Menio8uloeeHls,

Maxcumym Komopoti modicem Ovlmbs 3a8viuteH ooiee yem Ha 20%.
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Kuiouesvle cnosa: unOukamophviii Kamal, UHOUKAMOPHAS Oudepammd,

OU3ejib, MAMEMAMUYCCKAS MOOE]Ib, MENI0B8bIOCTCHUE.

Currently, domestic and foreign firms produce a large number of elec-
tronic indicators designed for operating conditions with the installation of a
pressure sensor through a standard indicator valve. In most cases, the problem
of distortion of the indicator diagram is simply ignored. This approach is ac-
ceptable for low-speed engines, but as the speed of the engine increases, the
wave character of pressure propagation in the indicator channel has a signifi-
cant effect on the results of the analysis of the indicator diagram. The goal of
this work was to study the nature and degree of influence of the standard indica-
tor channel of diesel ChN26/26 on the results of the analysis of the indicator di-
agram. The study was carried out with the help of a mathematical model of gas
flow in a straight cylindrical channel, taking into account friction, heat transfer
and variable velocity of sound wave propagation. The paper presents the results
of comparing the pressure at the ends of the indicator channel, as well as the
heat release characteristics obtained by their analysis. It is shown that the phase
deviations are not constant with respect to the cycle time, and, therefore, can not
be corrected by a simple displacement of the pressure signal. The greatest er-
rors arise when estimating the rate of heat release, the maximum of which can

be overestimated by more than 20%.

Keywords: indicator channel, indicator diagram, diesel engine, mathe-

matical model, heat release.

Wnpukaropnas nuarpamma (MJ]) paboyero mpouecca HamOosee MOITHO
oTpakaeT MH(POPMALMIO O MPOLECcCcaX, TPOUCXOAIINX B HUWIMHIAPE ABUTATEN,
MO3TOMY €€ UCTIOJB3YIOT B CUCTEMAX aBTOMATH3UPOBAHHOTO TUATHOCTUPOBAHUS
u HacTpoiiku [1-3]. XKectkue TpeOOBaHMS IO OrPAHUYCHUIO BEIOPOCOB BPEIHBIX

BEIIECTB CTUMYJIMPYIOT MHKEHEPOB MCMONb30BaTh U/I B KauecTBe curHana o0-
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PaTHOM CBSI3W MPHU CO3/IAHUKM COBPEMECHHBIX CHCTEM YIPABJICHUS MOPITHEBBIMU
JBC [4,5]. Taxxe ananu3 M/{ mO3BOISAET MOMYUYUTh XAPAKTEPUCTUKH TEMNIIOBBI-
JICJTICHHSI, KOTOPBIE UCMOJIB3YIOTCS JIJISl U3YUYEHUSI U COBEPIICHCTBOBAHMS Pado-
yero mpounecca asurareas [6]. IlIupokoe ucnonw3oBanue WJ[ B mpakTuke
ynpaeicHuss U auarHoctupoBanus [IBC cuepxuBaeTcs, B OCHOBHOM, ABYMS
(akTopamMu: MaJIbIM CPOKOM CJTy>KObI MPH BBICOKOW CTOMMOCTH JATYUKOB JIaB-
JIEHUS M CJIOYKHOCTBIO MOJTyYeHUs TOCTOBEPHBIX W[ B YCITOBHSIX SKCIUTyaTaluu.

Hcnonb30BaHUE JOMOJHUTENBHBIX, OXJAKIAOMAX W COCTUHUTEIIBHBIX
KAHAJIOB MIPU YCTAHOBKE JATYMKOB AABJICHUS B IWJIMH]PHI ABUTATENS MTO3BOJISIET
CHU3UTH TEMIICPATYPHBIEC HATPY3KH U TEM CAMBIM MPOJJIUTH CPOK CITY>KOBI JaT-
yukoB [7]. Ilpu skcnepumeHTanibHOM onpeaencHnn U] cpenHeoO0pOTHBIX U
MaJI0000POTHBIX JU3ENICH B AKCILIyaTallMM MCIOJB3YIOT IITATHBIE WHAWKATOP-
HbIE KpaHbl [1-3]. Hanuuue AOMOJHUTETBHBIX KAHAIOB, COEAUHSIONINX TaTUYUK
JABJICHUS U LUAJIMHJIP JBUraress, HE MO3BOJSET monyuuth MJI 6€3 nckakeHuid
[1,2,8]. 310 0OcTosTENBCTBO AcnacT MJI, MOJyd4EHHYIO TaKMM CIOCOOOM, HE-
MPUTOHOM /17151 TITyOOKOro aHamm3a [9].

Cormacao I'OCT 18509-88 [10] mpu m3mepennn ][ oTHOIICHHME nna-
METpa COCAMHUTENBHOIO KaHaja K €ro JJIMHE JOJDKHO ObITh OOJIbIIE €MHMIIBI,
YTO OKAa3bIBAECTCS TPYMHOBBIMOJHUMBIM JIsi JABUTATENCH C BEPXHUM PACMOJIO-
JKEHUEM KJIamaHOB JaXe B ycioBHsxX jgabopatopuu. [losTomy mpobiema TOYHO-
ro usmepenuss MJ| depe3 MHAMKATOPHBIN (COCAMHUTEBbHBIN) KaHA SBISIETCS
aAKTyaJIbHOM.

H3BECTHO HECKOBKO MOAXOJ0B JJIsL OLIEHKU U ONPEACIICHUSI TapaMETPOB
ra30JJMHAMUYECCKUX TMPONECCOB, MPOTEKAIINX B WHAMKATOPHOM KaHaie. Co-
[JIACHO OJHOMY W3 HUX, MAPAMETPhl MPOLECCOB B MHAMKATOPHOM KaHAJIE Ompe-
JENSOT TO COOTHOUIEHWSIM, TOJIYYEHHBIM [UJIi YCTAHOBHBIIWXCS BOJIHOBBIX
npoueccoB. Hampumep, B ucroununkax [1, 2, 8, 11] npeanaraercs paccmarpu-
BaTh WHJMKATOPHBIA KaHaj Kak KojedarenbHOE 3BeHO. Mcxoas w3 reomerpun

KaHaya, OMpeNeNiaTh COOCTBEHHYIO YacTOTy KaHaja U (pa3oBblid CABUT WHAMKA-
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TOPHOW AMarpammbl, OOYCIIOBJIEHHBIN KOHEYHOM CKOPOCTHIO PacHpOCTPaHEHUS
BOJIHBI JaBjicHUs. TakoW MOAXOJ MO3BOJSET, M30€kKaTh rpyObIX OMIMOOK, BbI-
3BAHHBIX PE30HAHCOM B KAHAJIEC M CKOPPEKTUPOBATH NosiokeHue MJI oTHOCH-
TeapHo BMT, HO He pelraet npoOsiemMy MOTHOCTbIO.

ABTOD [2] B cBOcH paboTe paccMaTpyBal WHAMKATOPHBIA KaHA KaK KO-
nedareapbHOe JUHAMUYECKOE 3BEHO M3MEPUTENBHON CHCTEMBI, OMUCHIBAS €0
NOBE/JICHUE BOJIHOBBIM ypaBHEHUEM. B paboTe mpeiaractcss METOIMKA BOCCTA-
HoByicHus WJI, Gasupyromasics Ha rapMoHuyeckoMm aHammsze WJ| m aHammse
CBOMCTB MHAMKATOPHOIO KaHajaa B YaCTOTHOM obOnacth. Takoil moaxon He yuu-
THIBAET (PU3MKY TEPMOIra30JMHAMUYECKUX MPOLIECCOB MPOUCXOASIINX B UHAM-
KaTOPHOM KaHaJIe.

H3BecTHBI pabOThI, MOCBALICHHBIE UCCIICIOBAHUIO MPOLIECCOB B MHAMKA-
TopHOM KaHane [IBC ¢ TOYKM 3peHuss MareMaTU4eCKOro MOICIMPOBAHUS.
Hanpumep, aBTopsl [12] aHATUTHYECKH UCCIICIOBAIA CUCTEMY YPABHCHUH aKy-
CTUKHA U JAJIM PEKOMEHJALMHU 10 YMEHBIICHUIO MOTPEIIHOCTH MPU U3MEPECHUH
4yepe3 UHAMKATOPHBINA KaHal. AKYCTHUYECKOE MPUOIMKEHUE HE YUUTHIBAET MPO-
LIECCOB TEMIIO0OMEHA U U3MEHEHUS TEMITEPATYPHI ra3a B TEUCHUH LUKIIA.

B pabore [13] uccnenoBanbl Nporecchl B MHAUKATOPHOM KaHAJIe MyTEM
MAaTEMaTUYECKOrO0 MOJCIIMPOBAHUS Ta30AMHAMUYECKUX MPOLECCOB, C YUYETOM
TpeHusl U TeniaooOMeHa. [lomydeHsl pe3ysbTarhl Juisi BBICOKOOOOPOTHBIX JBUTA-
TEJICH, MOKA3bIBAKOLINE BIUSHUE T€OMETPUM WHIMKATOPHOTO KaHala (JUIMHA,
AMaMETP) W 4aCTOTHI BPALIEHHUS KOJEHYATOro Basa apurarens Ha W/ paGouero
nporecca Mpyu U3MEPEHNUN YePE3 UHAMKATOPHBIN KaHaJl.

B u3ydeHHOH nuTeparype HE BCTpevaeTcss MH(OpMauuu O BIMSHUW HC-
KQKECHUI, BHOCUMBIX MHIMKATOPHBIM KaHAJIOM, HA MapaMeTpbl pabovyero mpo-
1ecca, B TOM YUCIIE XapaKTEPUCTUKKU TEIUIOBBIIEIIEHNS, onpenenseMsie mo U1,
Tak ke HE SCHO, B KaKOW MEpE MHAMKATOPHBIA KaHAJ OKA3bIBACT BIUSHUE HA

TOYHOCTL OIPCACIICHUA OTHUX IIapaMCTPOB.
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N0 UHAWKATOPHOHM auarpammMe. Tak, HampuMep, OIuOKa ONMPEACTIEHUS CPETHETO
WHAMKATOPHOTO JIABJICHUS HA PEKUME MAKCHMAIbHOW MOLIHOCTH COCTaBJISIET
11,5%. Ilpu 5TOM 0YEBUAHO, YTO KOPPEKTHPOBKA nonoxxenus BMT na U/ cu-
TYalXIO HE UCITPABHT.

AMINUTYIHBIE UCKaXeHHs MJ] mposBASIOTCS B 3aBBIMICHHON OLEHKE
MAaKCHMAJIBbHOTO JIABJIEHUSI CTOPAHUS W TAaBJICHUS] KOHIA CXKaTHsl, OIIMUOKa ompe-
JCTICHUS 3TUX MApPaMETPOB HA BCEX UCCIICYEMBIX PEKUMAX HE MPEBBILAET 2%.

HckaxkeHns:, BHOCUMBIE WHAMKATOPHBIM KaHAJIOM O0Jiee OTYETIMBO BUJ-
Hbl Ha XapaKTEPUCTUKAX TEIUIOBbIACIEHHs. Ha KprBOi CKOPOCTH TEIMIOBBIACIIC-
HUSl BOBHUKAKOT OCLMJUISILIH, PUBOISIINE K 3aBBILICHHON OLICHKE MAaKCHMAJIb-
HOM CKOPOCTH TEIUIOBBIACICHUS, s PEKUMa MAKCUMAIBHOW MOLIHOCTH
ommOKa coctasiseT 23% (cMm. puc 3a). i3MeHeHue Harpy3Kku Mpu MOCTOSIHHON
4aCcTOTE BPALICHHs Bajla MPUBOJUT K U3MEHEHUSIM HA KPUBOM CKOPOCTH TEIJIO-
BBIJICJICHHSI B KUHETUYECKOW (paze cropaHus (CM. puc. 3 a, 6), a CHI)KCHHE Ya-
CTOTHI BPALCHHS KOJIEHYATOTO BaJia BBI3BIBAECT YMEHBIICHUE (Da30BOTO CMEILLE-
Hus (cM. puc. 30, ¢). KOaM4ecTBO TEMIOTHI, MOABEICHHOE B IUKJIE MTPH OMpPEAC-
nenun no MJI, n3MepeHHOH 4epe3 WHAMKATOPHBIA KaHaJ, OKa3bIBAETCS 3aBbl-
meHHBIM Ha 5—11%, B 3aBUCUMOCTH OT HArpy304HOTO PEKAMAL.

HeoOxonmmmMo OTMETHTH YTO, YAaCTOTa BPALICHMs KOJICHYATOrO Bajia OKa-
3bIBACT O0JIee 3aMETHOE BJIMSHHE HA MOTPEUIHOCTH, BO3HUKAIOIIME B MHAMKA-
TOPHOM KaHaJIe, YeM Harpy3Ka JBUTATEIS.

Takum oOpa3oM, mo pe3yapTaTaM YUCICHHOTO HCCIEAOBAHUS MOKHO
CAENATh CICAYIOIIUE BHIBOIBL:

1. ®a3zoBoe cmewmenne M/ HEpaBHOMEPHO, HA YYACTKE HAPACTAHUS J1aB-
JIEHUS] CMELIEHUE OOJIBIIE YEM HA YYACTKE PACUIMPEHUSI.

2. JInid uccieryeMoro ABUTaTeNsl NCKaKEHU S, BHOCUMBIE HHIMKATOPHBIM
KAHAJIOM, HE3HAUMTENIBHO BIUSIOT HA JABJICHUE KOHIA CXKATHS M MAKCUMAIbHOE

AAaBJICHUA CrOpaHusl.
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3. HckaxkeHus, BHOCUMBIE WHIMKATOPHBIM KaHAJIOM, 3HAYATEIIBHO MCKA-
JKAIOT XApaKTEPUCTUKHA AKTUBHOIO TEIUIOBBIICIICHUS, 3TO HPUBOAUT K 3aBBI-
[IEHHOM OLIEHKE CKOPOCTH TETUJIOBBIICIICHNAS U KOJMYECTBA TEIUIOTHI TOABEAEH-
HOH B LIMKIJIE.

4. BiastHUE 4acTOTHI BPAUICHUs KOJICHYATOTO BAJIa HA MOTPEITHOCTH H3-
MEPEHUST MHAMKATOPHON AvarpaMMbl Y€pe3 WHIUKATOPHBIA KaHAT 00JIee BhIpa-

JKCHHO, YCM BJIMAHHC HAI'PDY3KH.
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Thermal Overload of Piston Crowns due to the Formation
of Oil Coke Deposits on Surfaces of the Cooling Gallery
S. Bludszuweit, S. Chrobak

MET Motoren- und Energietechnik GmbH, Germany

The design process of the modern combustion engines and their pistons is de-
terminated by still increasing power density and emission limitations. To support this
complicated design process a Virtual Piston Model (VPM) has been developed. This
numerical model enables coupling of the main thermal calculation models used for a
long time for analyses of the piston: combustion model, piston shaker cooling model
and model of the heat transport in the piston body. The VPM includes a new developed
cooling oil carbonization model. This model is able to predict the oil coke deposit for-
mation on the walls of the piston cooling gallery. The oil coke layer has a very good
thermal isolation property — thermal conductivity is approximate 100 times lower than
steel. The formation of the coke deposit causes significant temperature increase in the
piston crown. Such an increase in temperature could considerably influence the real
thermal load on the piston and in some cases lead to thermal overload of the piston

crown and piston damage.

Keywords: virtual piston model, piston design and analyses, piston shaker cool-

ing, cooling oil carbonization, oil coke deposit
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1. Motivation

Increasing the power density in currently developed engines is still one of the
central development goals of engine manufacturers. In particular, the further develop-
ment of two-stage turbocharging technology opens up new possibilities for increasing
the power density of future engines. Current limitations result on the one hand from
the increased emission limitations / emission requirements. On the other hand, the ma-
terials of the combustion chamber components including piston crone define allowed
thermal stress level.

In modern large engines with very high mean effective pressures, piston damage
occurs increasingly in the form of heavy material removal on the combustion chamber
side of the piston crown. In many cases, these damages lead to a dramatic shortening
of the life time of the pistons.

While the cylinder head and cylinder liners are cooled with cooling water, the
pistons are usually cooled with engine oil. This results in a significantly lower heat
transfer coefficient for piston cooling compared to water-cooled components. This dis-
advantage is best compensated by efficient shaker cooling procedure in the cooling
gallery of the pistons. This procedure leads to a significantly better piston cooling in
comparison to the salt-core cooling channel or spray jet cooling in small pistons (Fig-
ure 1).

Another trend 1n future engine development is aimed at extremely lightweight
design. This trend means for piston designs, the use of higher strength materials (e.g.
heat-treatable steels instead of aluminium alloys). This transition to lightweight con-
struction results in significantly lower wall thicknesses between the cooling gallery
and combustion chambers. This is necessary for not exceeding the piston crown mate-

rial temperature limit on the combustion chamber side.
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As an extension of the Virtual Piston Model, an additional numerical model has
been developed which takes into account the isolating properties of the coking layer.
This model can be used to predict whether formation of the coke layer is to be ex-
pected and how a possible coke layer will affect the temperature field in the piston
crown. In the current model, an oil coking layer of constant thickness is implemented
in the areas of cooling gallery walls, where the wall surface temperatures are higher
than the allowed operating temperature of the oil. The result of this a study is present-
ed in Figure 6. A constant thickness of 0.5 mm was assumed for the coked deposit

layer. The material properties of the coked oil were used as follows:
Density: o = 1500 kg /3
Thermal Conductivity: 1=03 W/ .

Heat Capacity: ¢y =400 1/ kg K

The temperature fields shown in Figure 6, taking into account the above as-
sumed coking layer properties, show a significant temperature increase (up to approx.
80K) for the piston with the coking layer on the wall of the cooling gallery. Such an
increase in temperature could considerably influence the real thermal load on the pis-
ton.

On the other hand, this temperature increase is strongly dependent on the ther-
mal properties of the coking layer, which are again not widely documented in the liter-
ature. For this reason, an investigation of the formation of the coking layer and deter-
mination of its most important thermal properties was included in the project. The cur-
rent status of the study will be described in Chapter 3.

In the next step, the Virtual Piston Model is extended by an algorithm that can
locally assume different thicknesses of the oil coke layer. This model will represent a
real structure of the coking layer and predict more precisely the effect of it on the tem-

perature field in the piston crown.
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3. Investigation of the formation of the coking layer in an oil coking test sta-

tion

All oils used for the lubrication and cooling of engines and pistons are subject to
an oxidation process at higher temperatures. This process causes changes in the oil that
leads to deposits on the hot walls. Modern oils contain corresponding additive sub-
stances which increase the thermal stability of the oils. In order to investigate the
thermal properties of coke deposits, the oil coke layer was produced on a metal sample
first. For this purpose, a test station was developed and built. In that station the metal
samples are periodically heated and then immersed again in the oil to wet the surfaces
of the samples with the oil. This periodic procedure approximately corresponds to the
conditions acting on the oil in the shaker chamber of the piston by each rotation of the
engine crankshaft. The 3D model of the test bench is shown in Figure 7.

The metal sample was subjected to several heating and oil wetting cycles. The
sample was then ground on one of the two lateral surfaces and examined under a mi-
croscope to measure the thickness of the deposit layers (Figure 8).

The material of the samples 1s 42CrMo4V. This material is often used for the
manufacturing of the piston upper part. The oil for the tests was typical oil for the high
loaded gas engine.

The above-mentioned specimens with deposit layers will be used in the next step

for the experimental analysis of the thermal conductivity of coke layers.
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4. Summary

Based on increasingly observed thermal damage of pistons with very high effec-
tive mean pressures, accurate prediction and optimization tools are required which de-
scribe realistically the complete heat transfer process in the engine piston. The solution
for this problem leads to the development of a Virtual Piston Model that realistically
describes the physical transient and location-dependent process of heat transfer from
the combustion chamber to the cooling gallery of the piston.

The article reports on the development and exemplary application of this Virtual
Piston Model.

By use of the simulation models, the design condition of the piston is compared
with a piston with the oil coke deposits on the cooling gallery surfaces.

The accuracy of the simulation results depends strongly on the accuracy of the
used material values. While the material values for the combustion chamber gases, for
the material of the piston crown and for the cooling o1l are known, more precise in-
formation on the formation and material properties of the coking layers 1s missing. For
this reason, a model test was designed and developed which has a great physical and
chemical similarity to the oil coking processes on pistons crown of highly efficient en-
gines. This article describes the developed test station. The structure of the coking lay-
ers obtained in the experiment 1s very similar to that observed in real pistons. With the
developed test station, good conditions have been created to gain a deeper insight into
the formation of such coking layers. In addition, the coking layers produced on the
metal test sample can be used to reliably determine the material properties of these oil
coking layers.

The research results presented 1n this article provide direct support for future en-
gine development. In particular, the physically based modelling of the heat transfer
from the combustion chamber to the cooling chamber extends by development of new

engines the possibilities for future performance increases and emission reductions.
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A deeper understanding of the formation of o1l coke layers enables an extension
of the service life of modern pistons and prevents engine damages due to thermal over-

load of the pistons.

In this article described research and development work carried out within the frame-
work of project “SimShaker” FKZ: 03SX415B founded by German Federal Ministry
for Economic Affairs and Energy.
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Cycle in Cooling and Cryogenic Machines
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The paper describes principles of operation of a novel rotary type Stirling cycle
machine based on the twin-screw rotary positive displacement mechanism. When
rotary positive displacement mechanisms are used for expanding or compressing
gases, the flow of the gas is one-directional with volumes of chambers varying in
accordance with a saw-tooth type function. The proposed design solution combines at
least two units of gas-coupled compressor and expander arrangements with a required
shift in the shaft angle. Units are connected to each other via a set of heat exchangers,
which are conventional for Stirling cycle machines and include recuperative cooling
and warm heat exchangers with a regenerator, built between them.

The operational capability is demonstrated using three-dimensional CFD
simulations. Computational results demonstrate reciprocating flow of the gas between
units and pressure variation as in conventional Stirling machines, and functioning of
the proposed design as a multi-cylinder, double acting Stirling machine. In the
suggested design it is possible to achieve full dynamic balancing due to the rotation of
screws around their axes. It also eliminates a number of design and operational
problems of Stirling machines with reciprocating pistons and their kinematic drive
mechanisms.

1. INTRODUCTION

The ideal Stirling cycle is a thermodynamic cycle, in which there is a cyclic
compression and expansion of gas working fluid at different temperatures, such that
there i1s a net conversion of thermal energy to mechanical work. The cycle is
reversible: if supplied with mechanical power, the apparatus can function as a heat
pump or cooling machine for respective heating or cooling.

The ideal Stirling cycle is a closed regenerative cycle which means that the
working fluid is permanently contained within the thermodynamic system in which an
internal heat exchanger, called a regenerator, is used. The regenerator increases the
thermal efficiency by recycling internal heat that would otherwise pass through the
system irreversibly. The ideal Stirling cycle, like many other thermodynamic cycles,
comprises the four main processes of (1) compression, (i1) heat addition, (111)
expansion, and (iv) heat removal. However, in real engines these processes are not
discrete and overlap.

An example of a typical Stirling engine with a crank-drive mechanism is shown in
Figure 1 [1].
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e Relatively large volume and weight of a crankcase and complexity of crank-

drive or other types of kinematical drive mechanisms;

¢ Relatively low linear velocities of pistons, resulting in a relatively low

rotational speed of a shaft or frequency of piston oscillations in free piston
machines (typically up to 3000-4000 RPM).

In order to reduce the size and weight of these machines, designers may separate
the crankcase from the gas circuit of the engine using a “sealing” of the vertical rod
connecting pistons and drive mechanism (i.e. a so called unpressurised crank-case).
Such a sealing has been achieved only on a very limited number of Stirling machines,
and even in those engines the working fluid in the internal gas circuit has to be
replenished repeatedly, since it is not possible to fully eliminate working fluid
leakages in a rod sealing.

In free piston machines there is no conventional drive mechanism and pistons are
driven reciprocally utilizing the gas forces provided in the internal gas circuit of
machines and mechanical springs. The oscillating motion of the cold piston may be
converted into electrical power by attaching rare-earth magnets to the piston and these
magnets are surrounded by copper coils (i.e. the concept of linear generator). Such
machines do not have a large crankcase and the engine is fully sealed by placing the
linear alternator inside the engine casing. Its specific weight and dimensions are
significantly improved than those of conventional kinematical machines, but to date
the power output is limited to about 3 to 10 kW (Kilowatts), which is considerably
lower than the output of conventional kinematical engines. The frequency of
oscillation of the pistons corresponds to a rotational speed of the shafts between 2000
and 4000 RPM (revolutions per minute).

2. PREVIOUS WORK ON CONVENTIONAL STIRLING ENGINES

The first two authors of this article have long experience of R & D in the area of
conventional Stirling engines and the following two cases demonstrate examples of
such Stirling cycle machines.

The first case presents a 1-kWel kinematical Dish-Stirling system [2], see Figure
3. The steel frame of the Concentrator had a parabolic form with a focal length of 3.5
m and 89 separate quadratic 0.5 mx0.5 m spherical mirrors of various diameters
were installed on its surface. A tracking mechanism allowed the Concentrator to
follow the motion of the sun. Figure 3 also shows experimental results and at solar
irradiance of about 850 W/m? the system produced 1-kW of electrical power.

Figure 4 shows the schematic diagram of the 1-kW Stirling Engine which was
installed on the system and it was of the «-configuration. The Stirling engine
consisted of two cylinders - a cylinder for the expansion space (16) and a cylinder for
the compression space (10) -mounted on a pressurized crankcase (11). The expansion
and compression cylinders were arranged as a 'V' type at an angle 90° between their
axes. The engine heater (3) was of a cylindrical cavity type and its external surface
(1) was for the input heat flux due to solar irradiation from the Concentrator. The
regenerator (4) was also cylindrical in shape and had mesh gauzes which had been
manufactured from a stainless steel type of material. The cooler (7) consisted of a
package of tubes which were washed with water. The water jackets on the cylinders
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crankcase (3) which houses a crankshaft drive mechanism (4) with a fly-wheel (5).
The crankshaft is installed in the crankcase using rolling bearings (6). The displacer
(7), made from a titanium alloy, and the power piston (8), made from an aluminium
alloy, are connected to the crankshaft by rods (9) and (10). Both the pistons have
guiding (11) and sealing (12) rings made from a fluoroplastic based material. Fins (13)
on the crank-case are used to cool the guiding and sealing rings of the power piston
(8). The same type of fluoroplastic material is used to manufacture the sealing (14) of
the displacer rod. The piston (15) is also connected to the crankshaft and is used to
unload the displacer (7) from side forces during its movement. A three-phase induction
alternator (16) is installed on the shaft (17) of the drive mechanism and is enclosed in
the sealed casing (18). The angle between the axes of the cylinders is 90° and the
displacer (7) splits the volume of the “hot” cylinder (1) into two parts. The volume
(19) which is above the displacer (7) is the expansion space. The volume (20) which is
below the displacer (7) is the first part of the compression space, whilst volume (21) is
second part. Both parts of the compression space are connected by the special channels
(22) drilled in the body of the crankcase (3). The volumes (19) and (20) are connected
through the channels of the tubular basket type heater (23), co-axial regenerator (24)
and the tubular cooler (25). The hot cylinder (1) of the engine, tubes of the heater (23),
collector (26) and casing of the regenerator (24) and its mesh gauzes are manufactured
from a stainless steel type material. The cooler (25) is made as a bank of copper tubes
which are washed with the water in the water jacket (27) of the engine. The water
jacket (28) is used to cool the alternator (16). The diameter and stroke of both the
piston and displacer are 62 and 33 mm, respectively. The speed of the engine is about
20-22 Hz and helium is used as the working fluid in the cycle.
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and solved numerically together with ideal or real gas state equation. When heat
transfer between the walls of chambers or the elements of the regenerator matrix due
to conductivity and radiation is not taken into account, then, in addition to the set of
thermal boundary conditions, a special criteria has to be introduced to achieve an
overall heat balance in the cycle. This is necessary to obtain a solution in the stable
regime of operation with the known speed of the engine. If the energy conservation
equations for the elements of walls of the chambers and matrix of regenerator are
included into the general set of equations then it is necessary to specify only a set of
thermal boundary conditions to obtain a solution. The reminder of the method of the
calculation of the cyclic work is similar to that of using first order-models. Usually
models consider from 5 to 32 chambers in the calculation scheme of the engine.

Two- and three-dimensional Computational Fluid Dynamics (CFD) models of
engines were usually deployed at later stages of the design process. This type of
modelling has been broadly used for design and development of internal combustion
engines and gas turbines and relatively recently these were deployed in R & D of
Stirling Engines. The main feature of such type of modelling is that the real three-
dimensional geometry of the engine can be considered in the calculation scheme of the
engine. The computational domain is subdivided into small finite elements (volumes)
and the properties of the flow, such as velocities, temperature and pressure, are
obtained for nodes of these elements by numerical solution of the full set of
governing equations of mass, momentum and energy conservation for two- or three-
dimensional flows [6, 7]. In the general case multiphase flow with chemical reactions
(combustion) can be considered. Finite elements or control volume techniques can be
used for the numerical solution of the governing equations. In principle, this method
allows one to consider conjugate heat transfer (heat conduction due conductivity, heat
transfer and radiation) between the working gas and the constructive elements of the
design. Furthermore, heat and mass transfer processes, which occur in the internal gas
circuit of the engine, in design elements of the machine and on its external circuit
(combustion and flow in the combustion chamber) can be considered and their
dynamic interaction analysed. Figure 9 shows an example of computational grid for
the internal gas circuit of the gamma-engine in Figure 6 and Figures 10 and 11 show
the gas flow and typical distributions of temperature and pressure inside the engine

[1]

4. TWIN-SCREW STIRLING CYCLE MACHINE FOR CRYOGENIC
APPLICATION

Rotary mechanisms, such as twin-screw or scroll mechanisms, were considered for
use in Stirling-cycle machines, see for example [8, 9]. In [9] the application of a scroll
mechanisms resulted in a Joule cycle apparatus. Twin-screw mechanisms have been a
very popular choice for compressors. Figure 3 (a) to (d) shows a full cycle of a twin-
screw compressor. During operation (i.e. rotation of the twin-screw shafts), two
intermeshing and counter-rotating male and female rotors trap a working fluid 1 (e.g.
gas) in-between corresponding lobes and the enclosing casing 2. The gas is pushed
forward axially by the intermeshing male and female lobes, so that the volume of the
chamber, created by the intermeshing male and female lobes, is reduced progressively,
causing the trapped gas to be compressed.
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aFZZ0aYOT YF OPaN FYNOG YNGFIEN aFZTIWY aNPZZOQX WZ YNO XNPUY WZ F
HPZZOG XF YNO EPX WX aFH GOXXOT ic YNO aFH GOXXWFZ aNPHIOG TIGWZE YN
YNO acaQO PZT YNOZ YNWX EPX WX TWGOaYOT PZT Ow PZTOT TIGWZE YNO X(
Ow PZXWFZ aNPHIOG eOPZYWHO YNO 'FGYWFZ FU YNO EPX \NWaN \PX Ow PZTW.
UWGXY NPQU FU YNO acaQO YNOZ \WQQ iO TWGOaYOT PZT aFH GOXXOT Wz
aNPHIOG XOO JWEIGO #C >Z YNWX \Pc Y\F \FG"WZE X PaOX FU P ?YWGQWZE [ca
PGO UFGHOT \NWaN SPGc WZ PZYW 'NPXO >U YNOXO \FG"WZE X PaOX \WQQ
YNGFIEN P XOY FU NOPY OwaNPZEOGX YF YNO aFGGOX FZTWZE \FG*"WZE X PaO
IZWY PX XNF\Z WZ JWEIGO #& YNOZ YNOGO \WQQ iO "'OGWFTWa GOXXIGO SPGC
XWZEQO EPX aWGalWyY UFGHOT ic aFGGOX FZTWZE \FG"WZE X PaOX WZ OPaN IZ\
NOPY OwaNPZEOGX \NWaN aFZZOaY YNOH

_PmJUO 4b RQPUIPfm jtjlO [XjTPfO XuuXUXQJL jVILPLQPfm Vx QNV JfPQL Vx KVJV
QNPf LjUON [OjTXfPL[L

9!



_PmJUO 49 SVfOjQPVf Vx jV[UUOLLPVf LuXjOL Pf OXjT jTX[WOU Vx QTO QNPf
LjUON [OjTXfPL[ QV QTO jVUUOLUVFKPfm O uXfLPVf LuXjOL QUVJIMT jVIKIPQ
jTXffOIL Pf QTO LTXXQ

JWEIGO #$ "GOXOZYX GOXIQYX FU YNO aFZTlaYOT []_ XWHIQPYWFZX FU YNO Z
acaQO P PGPYIX \NWaN aQOPGQc TOHFZXYGPYO YNO OwWXYOZaO FU YNO G(
IOY\OOZ \FGM"WZE X' PaOX QFaPYOT WZ Y\F IZWYX XNF\Z WZ JWEIGO #& >Z JWEIC
TPYP WX PQXF "GOXOZYOT PX TWPEGPHX FU YNO HPXX UQF\ GPYO PZT "GOXXIG
\FG*WZE UQIWT PX P UlZaYWFZ FU YWHO WZ NOPY OwaNPZEOG \NWaN aFZZOaY
\FGM"WZE X' PaOX WZ Y\F I1IZWYX >Y XNFIQT iO NWENQWENYOT YNPY YNO PiFSO TW
aQFXO YF YNPY "GOXOZYOT UFG YNO aFZSOZYWFZPQ ?YWGQWZE HPaNWZO \WYN
oXNF\Z WZ JWEIGO #$ UFG aFH PGWXFZ "IG'FXOX WZ YNO iQIO aFQFIGp

MNO PIFSO GOXIQYX FiYPWZOT IXWZE []_ PZPQcXWX aQOPGQc TOHFZXYGP
FXXWIQO YF IXO Y\WZ aGO\ HOaNPZWXH FG XWHWQPG GFYPYWFZPQ HOaNPZWX
FUYNO ?YWGQWZE acaQO

N¥_-*UHXY “Z,a

bX\+ bX\+

_PmJUO 40 _VU[XQPVf Vx QNV NVUYPfm _PmJUO 4%. SVffOjQPVf Vx
LuXjOL uOU jTX[WOU Vx QTO QNPf LjUGWUUOLuVfKPfm NVUYPfm \VIJ[OL
[OjTXfPL[ NPQT O uXfLPVf XfK WOQNOOf QNV JfPQL QUVJIMT X LOQ Vx
jV[uUUOLLPVf uUVjOLLOL KJO QV QTO QP[POXQ O jTXfmOUL [jVIK TOXQ
VX jVIfOjQPVf VX jVUUOLUVIKPfm  O%TXfmOU? UOMOfOUXQVU XfK NXUJ
jV[UUOLLPVf XfK O"uXfLPVf LuXjOL TOXQ O7TXfmOU}
QTUVJIMT jVIKJIPQ jTXffOIL Pf QTO LTXXQ

9%



JWEIGO !" oPp PZT oip XNF\ PQYOGZPYWSO GFYPGc HOaNPZWXHX YNPY aPZ
UFG GOPQWXPYWFZ FU ?YWGQWZE acaQO WZ P XWHWQPG HPZZOG TOXaGW
HOaNPZWXH

b S{vSsfR™VR

AO\ TOXWEZ FU ?YWGQWZE [caQO HPaNWZOX NPX iOOZ "GF FXOT WZ YNWX I
PT"QWaPYWFZ FU Y\WZ XaGO\ PZT FYNOG GFYPYWZE HOaNPZWXHX >Y NPX iOC
YNPY "GF FXOT TOXWEZ PGGPZEOHOZY GFSWTOX YNO OGWFTWa GOaW GFaP
Y\F aFGGOX 'FZTWZE \FGM"WZE SFQIHOX PX WZ YNO aQPXXWaPQ GOaW GFaPYW:
HPaNWZOX

MNO ZO\ TOXWEZ \WQQ NPSO iOYYOG OGUFGHPZaO WZ YOGHX FU TcZPH
SWIGPYWFZX PZT X" OaWUWa \OWENY PZT SFQIHO _IO YF YNOXO PTSPZYPEOX FZ
"FYOZYWPQ P "QWaPYWFZ aPZ iO TFHOXYWa PZT WZTIXYGWPQ XaPQO GOUGWEO
FUWZUGPGOT XOZXFGX FG UFG YNOGHPQ HPZPEOHOZY FU FYNOG OQOaYGFZWa

[IGGOZYQc \FG"N WX WZ "GFEGOXX FZ YNO TOSOQF HOZY FU YNO QPIFGPYFGc "
Z0O\ ?YWGQWZE HPaNWZO

X}
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|W}

_PmJUO 45 €0LJIQL Vx'/h S_h [VKOIIPfm Vx QTO mXL xIVN Pf QTO uUVuVLOK
RQPUIPfm jtjlO [XjTPfO XuuXUXQJL |X} NPQT KO[VILQUXQPVf Vx UOjPuUVjXQPfm xI
WOQNOOf QNV JfPQL |W}

X} |W}
_PmJUO 4« X} hP[OfLPVfIOLL ZXLL xIVN UXQO XfK W} iUOLLJUO \XUPXQPVf Vx QT

NVUYPfm xIJPK Pf QTO LOQ Vx TOXQ O JTXfmOUL WJPIQ Pf WOQNOOf QNV jVUUOLL
NVUYPfm \VIJ[OL Pf QNV JfPQL Vx QTO uUVuVLOK RQPUIPfm jtjlO XuuXUXQJLY
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_PmJUO 23 |X}/ LjUVII [OjTXPL[T |W}/ jVIPjXI LPfmIO LjUON [OjTXfPL[ ,44..,

GFYPYWZE XWZEQO aFZWaPQ XaGO\|! GFYPYWZE aPXWZE| % WZQOY XWTQO

€y _y€yvSyR

Sttt

slt

s%t

sDt

sot

sCt
sé&t

s$t
sBt

SH"t

St

ePN"PHFS [NP'YOG #$ MNOGHPQ OZEWZO iPXOT XHPQQ PZT HWaGF aF!
PZT "F\OG o[lVp XcXYOHX UFG TFHOXYWa P QWaPYWFZX HFTOQQWZE H
TO'QFcHOZY 0 D9B 9#%p WZ YNO iFF” ic f @OWYN ojTWYFGp *?HPQQ PZT
aFHIWZOT NOPY PZT 'F\OG o[IV XcXYOHX dTSPZaOT TOXWEZ “OGUFGH
HPYOGWPQX PZT P QWaPYWFZX  >?@A B&$ # $DICB &B9! £FFTNOPT VIiC
—WHWYOT !"## 9!$°
ePANAPHFS PZT >ZENPH _ @ #BBB dZPQcXWX FU YNO £FGAWZE VGFaOXX
e0aNPZWaPQ —FXXOX WZ P ?YWGQWZE jZEWZO UFG P ?FQPG VF\OG €Z\
2FQ jZOGEC|ZE ##  ## #&

ePANAPHFS g MGI"NFS @ RGIZFS d FGFi*FS d —OmOIF"FS > MIGXIZiPOS
j RGTP g [NISWaNAWZ b {ITWZ j eINPHOTWOS _@ >ZENPH VGFaOOTWZEX
YNO %9YN >ZYOGXFaWOYc jZOGEc [FZSOGXWFZ jZEWZOOGWZE [FZU(
WNWIWYWFZ g! ™ &1% &%% —PX gOEPX "™ >jjj

ePNAPHFS o!"'Cp dZ dwW ?2cHHOYGWa [|_ d "GFPaN YF YNO dZPQcXWX F
YNO £FGAWZE VGFaOXX FU P ?FQPG ?YWGQWZE jZEWZO d?ej @FIGZPC
jZOGEc jZEWZOOGWZE  #!$o#p D9 9%

ePNAPHFS o!"™'Cp _OXWEZ >H GFSOHOZYX YF P @WFHPXX ?YWGQWZE
IXWZE ePYNOHPYWaPQ dZPQcXWX PZT % [l eFTOQQWZE d?ej oeFIGZF
jZOGEc fOXFIGaOX #!1$0%p "% !#9
IWGXaN [ #BB" AIHOGWaPQ aFH'IYPYWFZ FU WZYOGZPQ PZT OwYOG
gFQ #! £WQOc AO\FG" >?@A " D&# B1%$9 "
IFUUHPZZ d PZT [NWPZE ? M !"™ [FHIYPYWFZPQ JQIWT _cZPHWaX gFQ
>>>> jZEWZOOGWZE jTIaPYWFZ 2cXYOH >?@A " BC!%&%# C $
€2 VPYOZY €?21"#D!&#%"$ od#p DLOGFYFG fFYPGc ?YWGQWZE [caQO jZEWZO
iFIZEHWZ WH _FZEAWQ ?NWZ ePZENOO —O0O PZT \OZNP VPG" AFiQO ?Y
OZEWZO OH QFcWZE XaGFQQ HOaNPZWXH VGFaOOTWZEX FU YNO ##YN
2YWGQWZE jZEWZO [FZUOGOZaO #B# 20 YOHIOG !"'D €ZWSOGXWYc FU
fFHO >YPQc >?@A B&$ $$ $%!C "1# C VV C& &9

ePNAPHFS PZT > eP”N"PHFSP d GFYPGc XYWGQWZE acaQO P PGPYIX
HOYNFT YNOGOFU V[M b@!"#C "9%D"9 VGWFGWYc TPYO !"#9 #! ##
NYY'X SOGYGFYFGX aFH dXXOXXOT FZ $ celQc !"#$
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B 1abn. 1 npuBeneHbl OCHOBHBIE TAPAMETPBI ABUTATENCH, PACTIONOKCHUE KPUBOIIHUIIOB KOJCHYATHIX
BaJIOB, KOTOpOE MPEACTABIIEHO Ha puc. 1.

Tabnuya 1 — Ocnoeusie napamempul ogueameneti

[TapameTtpsr Mopnens aBTOMOOMIIS

a. 0. 8. 2.

E280 Golf Audi -A8 Gelendwagen
G400 CDI
Tun neurarens c HUCKPOBBIM | C HUCKPOBBIM | C HUCKPOBBIM IU3eIb
3KUTAaHUEM 3KUTaHUEM 3KUTAaHUEM

Konuepu Mercedes-Benz Volkswagen Volkswagen Mercedes-Benz
IUaMeTp LUIUHAPA 89,9 84,5 84,0 86,0
(D), mm;
xon mopiasa  (S), 73,5 95,0 90,168 86,0
MM,
OTHOLIECHUE paguyca 0,239 0,283 0,283 0,279
KPUBOIIUIIA K JJTHHE
matyHa (A)
HOMUHAJIbHAA 5500 6300 6000 4000
4acTOTa  BpaIlEHUs
(n), mun™"
CTETIeHb CxKaTHs (€) 10,0 11,3 10,75 18
s dexTuBHAS 162 185 309 184
MotHOCTb (Ne), kBt
ne3aKcax (€), MM 0 +12,5 +12,5 0
OTHOCHUTEJIbHOE 0 10,263 +0,263 0
CMelleHne ocH
UTHHIPA o
monayio (K = e/R)
YUCJIO HUJTUHAPOB (7) 6 6 12 8
Ym 30° 21+ 21°%+ 15°

JInist  9eTBIPEXTAKTHBIX JABHIaTeleil ¢ YHCIOM LMIMHAPOB / M YIJIOM pasBama HX Y

HEOOXOAMMYIO BEJIMUUHY YITIOBOTO CMEIIEHHsSI Y, HIeeK MOXKHO onpenenuts no gopmye (1),

Y :(720°/i)—yu.

ITpu Hanmmumu mesakcaxa 7y, ompenensercs no gopmye (2) [3, 4]

Ym = Yu +2|(pBMT|>

rae \(pBMT\ = arcsin

AK
(1+

1)

ocu nunuHapa B aesakcuanbaoM KIIM npu nonoxenuun mexanusma B BMT.
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(1)

2)

— a0CONIIOTHOE 3HAYEHHUE yrjla IOBOPOTa KPUBOLIHIIA OTHOCUTECIIBHO
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Tabauya 2 — 3a6ucumocmu MOMEHMOS, UX IKCMPEMATbHBIX 3HAYEHUIL, MACC NPOMUBOBECOS8, HEODXOOUMBIX 018 YPAGHOBCULUBANHUA MOMEHMOB CUL

UHEPpYUU 6036PANMHO-NOCMYNUAMENTIbHO OGZ/D!C)/IMMXC}Z macc ogueameneti

JIBurarenu
VR-6 V6 x90x30 w-12 V8 x75x15
(Ply 560-“1 o 1UUO K, 150°£180° K 86o-ru - 10\10 K, 260.)-r . u.)uo K,
k=0,1,2,... k=0,1,2,.. k=0,1,2,... k=0,1,2,...
(p]x 1460—1-\} o 10\}0 K 2700i1800 K 176O—ru o louOK 116OJ-r - 10\;0 K
v 0.111m;Re’a 1,732m ;Ro’a 0.4143m ;Ro’a 3.548m ;Ro’a
max
IMix] 0,907m;Ro’a 1.732m ;Ro’a 1,2205m ;Ro’a 2,722m ;Ro’a
Mupi (o) 0,398m;Ro’a 1,673m ;Ro’a 0.817m ;R a 6,27m Ro’a
M1 (-0) 0.51m;Ro’a 0,448m ;Ro’a 0,403m ;Ro’a 1.826m ;Ro’a
Mnp1(w) 0,398m,— X .4 1L.673m & .4 0.817m,—X .4 6.27m; R4
Pnp1 () by Pnp1(w) by Prpl(w) by Pnpl(w) by
Mpl(-0) 0,51mjLi 0,448mjL-ﬁ 0,403mjL-3 1,826mjL-ﬁ
Pupl(-w) 21 Pupl(~w) D1 Pupl(~w) 1 Pupl(-w) b1
(Pl((l)) _ 56O—ru +15° - 86o-ru - 260_)-r
D1(-) +56°+ -75° +86"+y 267+
(P2y 56O-ru o 7UOK, 15°+90° K, 86O—ru o 7uo K, -
k=0,1,2,... k=0,1,2,... k=0,1,2....

64




(sz llo—rv o JUOK 1350 + 900 K 4lo-ru o 7\10 K
|M5,] 0,797m ; Ro*ha 1,732m ;Roha 1.5595m ;R *ha
max
Mol 0,898m ; Roy*ha 1.732m ;R0 ha 1,5385m ;R ha
Mrp2(2w) 0.847m ;Ro*ha 0,448m ;Ro*ha 1,549m ; Ro*ha
Mypa(2e) 0,051m ;Ro*ra 1.673m ;Ro* Aa 0,0105m ;R \a
Mop2(2w) 0,212ij—)‘.i 0,112ij—7‘.i 0’3872ij—7“.i
Prp22ew) 22 Prp22e) b2 Pip22w) 22
Mp2(-20) 0,013m, _ R e 0.418m _ B a 0.002625m;, — 1+ .4
b b / b
Pnp2(—2w) D2 Pnp2(-2w) 02 Pnp2(—2w) 2
P2020)) +66°+y +75° +6°+u
P2(-20) -66°+y -15° -6y

a — pacCTOSIHHE MEXKAY OCSMH COCEJHMX LMIMHAPOB; by, by— paccTOSHHE MEXAY INOCKOCTSIMH BpAICHUS [IPOTHBOBECOB IS YPaBHOBEIIMBAHMS

MOMCHTOB OT CHJI HHCPHIUHU COOTBCTCTBCHHO IICPBOTO U BTOPOT'0 TOPAIKOB; m] — BO3BPATHO-NIOCTYNATCIIBHO JABUXYIIAACA MacCa B OAHOM ITUITMH/IPE

ABUTATEIA; O — YIIIoBasg CKOPOCTH KOJIEHYATOI'O BaJja, paz[/c; R - paanyCc KpUBOIIHAIIA; A — OTHOIIIEHHE paanyca KpruBOIIUIIA K JJIMHE IIATYyHA;

pr[p
PaCCTOAHUE OT LEHTPA TAKECTH IPOTUBOBECA O OCHU BpAICHHA COOTBETCTBYIOLICTO Bajld; 3HAK «+T» IIOKa3bIBAET HAIlpaBJICHUE 110 XO4Y JacOBOU
CTPCJIKH; 3HAK «—» - IIPOTHUB X044 4acOBOM CTPCJIKH.
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Tabruya 3 —3asucumocmu MOMEHNMOB, UX IKCMIPEMANbHBIX 3HAYEHUN, MACC NPOMUBOBECOS,
HEeOOX0OUMBIX OISl YPAGHOBEULUBAH U MOMEHMOE CUII UHEPYUU 8PAIYATOUJUXCA MACC O8ueame.eil

Hdeurarenn
VR-6 V6 x90x30
Mg s 23K pa Mg, 1,732K ga
Mpz26 2\/§KRa Mg, 1,732K pa
MppR1S 2Bmp ——— a MunpRy 1,732mp R _a
pr[pRlS b1 s PupRy DRy
MppR2.6 23my —— MnpRy 1,732m, 2. 4
PupR2.6 Yy PupRx  ORx
Mg 1,302K pa
PR 49°,y
MupR 1.302mp ——. 4
PnpR bR
W12 V8 x75x15
Mgzi6 1,302Kp -a Mpgi1234 V10K -a
Mpg7.12 1,302K -a Mpgs678 V10K -a
MypRI6 1302mp, R a MppR1234 J10mp R __a
PupR1.6 OR16 PupR1234 DRI1234
MapR7.12 | 1 302mp — 2. 9 MppR3678 Jiom, —X .4
Pupr7.12 OR7.12 Pupr35678 PRr3678
M 2,59Kp-a MppR1234 JT0m, R _a
PupR1234 DOR1234
PR 4301\; ml'[pR5678 \/ﬁmR R ] a
Pupr35678 PR3678
MpR 250m, .9 Mp 6,27Kg -a
PrpR bR

Kp =(my ijm[)Roo2 - neHTpoOekHast cuia (1o MOJYJIO), MEeHCTBYIOIIAs B OJTHOM LUJHHJPE,
m, — HEyPaBHOBELICHHAs Macca KOJICHA, NMPUBEACHHAs K PaauyCy KPUBOLIMINA, My — YaCThb
MacChl IIATyHA, NMPHUBENCHHAs K LEHTPY LIATYHHOM ULIEHKU, bRy, bpy— PACCTOSTHHUS MEXIY
MJIOCKOCTAMH BPALIEHHA MPOTUBOBECOB, propy UM PrpRy — PACCTOSHMS OT LEHTPA TSHKECTH
POTHBOBECA 10 OCH Bpainenus Bana; PR1.5. PR2.6> DR1.6> PR7.12,PR1234 > DRS678 — PACCTOSHUSA
MEXKOY IIJIOCKOCTSIMH BpAalIeHUsI MPOTHBOBECOB; PmpR1.5> PmpR2.6° PnpR1.6> PmpR7.12°
PnpR1234 > PmpR5678 — PACCTOAHUS OT LEHTPA TSKECTHU MPOTUBOBECA A0 OCH BpAICHUS BaJa,
bp — paccTosiHne MeXIy IIOCKOCTSIMH BPALEHUs] IPOTHBOBECOB,; PupR — PACCTOSHHE OT LIEHTpa

TAXKECTHU IIPOTUBOBECA 10 OCHU BPALICHUA KOJICHYATOT'O BaJia.
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YK 621.436.12

A.B.Bacuabes, A.M.JIapues, E.A.@easiHoB
OueHka BO3MOKHBIX MpeaesioB (popcupoBaHUA

au3esei BO3AYIIHOT0 OXJIAXKIACHHS

Boneozpaockuii 2cocyoapcmeentuiii mexHuueckui yHugepcumem

A.V.Vasilyev, A.M.Lartsev, E.A.Fedyanov
Assessment of the possible limits of the crossing

air cooling diesel engines

Volgograd state technical University

B nacmosyee epems pesxo gospoc unmepec k ocgoernuto Kpatineco Ceese-
pa u Apxmuxu. /{usenu 8030yutno2o oxaaxcoeHus DOIbULOT MOUHOCIU MO2YM
HATIMU WUpoKoe NpuUMeHeHue 6 Cmoilb CYpoBbiX YClosusx. B ceazu ¢ smum 3a-
oaua onpeoeneHUss GO3MOICHBIX NPeoesios (hopcuposarnus ouzeneti 8030YULHOSO
OXIAXCOeHUsI BHOBL CIAHOBUMCSL AKMYAIbHOI. Peutenue nocmagnennoti 3a0aqu
ObLIO 6LINOJIHEHO NYMeM PACHemHO - dKCNePUMEHMAIbHO20 Onpeoeietuus 603-
MOJICHBIX Npeoesios (opcuposarus ouseneti 030VULHO20 OXIANCOeHUsl NO Bbl-
Opannomy Kpumepuio, onpeoeisiowemy npeoei gopcuposanus. B pezyivmame
onpeoenervl OONycCmumble YPosHU (opcuposanus ousenell 6030YULHO20 0Xd-
DICOeHUSl HAOOYBOM NPU PAZIUYHBLX KOI(DGuyueHmax uzbvimra 8030yxd u cme-
HeHSAX — OXNAdicOeHuss  HAao0y8oYHo2o  6030yxd. Ha ocnosanuu  ananusa
Dpe3YIbMAmMamos paciemos cOoeldn 6bl600 O MOM, YMO Ouzeiu 6030YULHO20
oxaadcoenusi npu Gopcuposanuu Ha00y8oM 0COOEHHO KPUMUYHBL K GeAUYUHE
omHouLeHUsi OdsleHuss Haooy8d K Npomueooasienulo Ha ewvinycke. [lokazano,
YMo ¢ yeequdenuem 2mo20  OMHOWLEHUS MAKCUMAIbHASL U CPEOHSIs
memMnepamypul 02He8020 OHULLA 20JI06KU YUWIUHOPA CHUICAIOMCSL NO JTUHETHOMY

3axomny. Buinoinena oyenka 803MOJCHBIX NPeoesios yeeauyenus ouamempd yu-
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JIUHOPA OU3esk BO30YULHO2O OXTANCOCHUS C PA3IUYHBIMU YPOBHAMU (hopcuposa-
HUSL NO CpeOHeMY d(hhexmusHomy Oa8IeHUIO.

Currently, interest in the development of the Far North and the Arctic has
increased dramatically. High-power air-cooled diesels can be widely used in
such harsh conditions. In this regard, the problem of determining the possible
limits of forcing air cooling diesels becomes relevant again. The solution of the
problem was performed by calculation and experimental determination of pos-
sible limits of forcing the diesel engine air-cooling according to the chosen cri-
terion that defines the limit of forcing, at various degrees of intercooling and
regulations on the coefficient of excess air. As a result, identify the acceptable
levels of for-the contribution of diesel engine air cooling supercharged with dif-
ferent degree of cooling and the adjustment to the excess air ratio. Based on the
analysis of rezultatov calculations it is concluded that the diesel engine air-
cooling when crossing the supercharged is especially critical to the value of the
ratio of boost pressure to exhaust back pressure. It is shown that with an in-
crease in this ratio, the maximum and average temperatures of the fire bottom of
the cylinder head decrease linearly. The estimation of the possible limits of in-
creasing the diameter of the air-cooled diesel cylinder with different levels of
forcing on the average effective pressure.

Karoueswvie cnosa: ogucameins 030YULHOLO OXIANICOEHUS], YPOBeHb (hopcu-

DpOoBanus, oxaadcoeHue Ha00Y8OYHO20 8030VXd, KOI(hpuyuenm uzdeimrda 6030y-
xa.
Keywords: the air-cooled engine, the level of boost, charge air cooling,

the air excess factor.

['1aBHON KOHCTPYKTHBHOW OCOOEHHOCTHEO MHOTOLMJIMHIPOBBIX JBUTATE-
Jeil BO3AYINHOTO OXJKIACHUS, 3aTPyIHSIOWEN (popcupoBaHuE, SBISIETCS OT-
CYTCTBME MOHOJIMTHOTO OJIOKAa IWIMHAPOB. BCIEACTBUE 3TOr0 Kaprep Jerde

ne(hOpMUPYETCS IO ACHCTBUEM CUJT OT OMOPHBIX IIECK KOJIEHYATOro Baja, urto,
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B CBOKO OYEPEAb, HAPYIIACT FEOMETPUIO OMOPHBIX MOBEPXHOCTEH W CHUKACT
HAJKHOCTh PAOOTHI KOJICHBAJIA. YKa3aHHAs KOHCTPYKTHBHAash OCOOEHHOCTH
OCJIOKHSIET (POPCUPOBAHUE, HO HE SIBJSACTCA (PAKTOPOM, OMPEIACISIOMUM Ipe-
JEJLHO JIONMYCTUMBIA YPOBEHBb TOBBIMICHUS MOIIHOCTH. JKECTKOCTh Kaprepa
MOKET OBbITh MOBBIIICHA YBEIMUYEHUEM TOJIIMHBI CTCHOK, J00aBjeHUEM pedep
JKECTKOCTH. Y KOJIEHYATOTO Baja MOXKHO YBEJIMYMBATH JUAMETP LIEEK U CEye-
HUE IICK.

DaKkTOpOM, MPHUHIUIHUAIBLHO OTPAHUYHMBAIOIIMM JOCTHXKUMBIA YPOBCHB
(dopcupoBaHus JBUTATENCH C BO3AYIIHBIM OXJIAXKACHUEM, SIBISETCS TEPMUYE-
CKasl HAMPSPKEHHOCTH TOJIOBKY niyaHapa |1, 2].

HMHTEHCUBHOCTDH OTBOJIA TEMJIOTHL B OXJIAXKAAOIINN BO3yX, KaK U3BECTHO,
CYIIECTBEHHO HWKE, YEM B KUAKOCTH [3]. COryTacHO MMEKOIIMMCS TaHHBIM [4],
KOA(PPUIIMEHT TEMIOOTAAYM HA BHEITHUX OXJIAXKAAIOUINX MOBEPXHOCTSX JIBUra-
TeNel BO3JYIIHONO OXIHKICHUS JIeKUT B npedenax 50..800 Br/(M?*K), B To
BPEMS KaK MPHU OTBOJE TEIUIOTH B OXJIKIAKOUIYIO >KMIKOCTh OH HA MOPSAOK
oonbuie [5]. Eme BblllE MHTEHCHMBHOCTH TEIUIOOTBOAA NPU UCHAPUTEIBHOM
OXJIQKICHHH.

[Tpu popcupoBaHuM ABUTATENS] BO3AYIIHOIO OXJIAKICHUS TEILUIOBOU MO-
TOK B CTEHKH KaMEPBI CrOPaHusl pacTeT. B TO k€ BpeMs KOJMYECTBO TEILIOTHI,
KOTOPOE MOXKET ObITh OTBEICHO CUCTEMON OXJIAXKIACHUS, TPAKTUUECKA HE YBE-
JIMYUBACTCS, TaK KAK KOHCTPYKTHUBHBIC BO3MOXKHOCTH YBEJIMYCHUS MOBEPXHO-
CTEH OXJAXKACHUS, KaK MPABWIIO, YXKE UCUEPIIAHBI [6, 7], a MOBBIIIEHAE MOUTHO-
CTH BEHTHUJIATOPA M, COOTBETCTBEHHO, CKOPOCTH 00AyBa MOBEPXHOCTEH OXJia-
JKJICHUST BO3IyXOM HE CWJIBHO BJIASIET HA TEIJIOOTAAYY, HO 3aMETHO CHUKAECT
KI1/I neurarens [8].

C yBENMYEHUEM PA3MEPHOCTU AM3ZENECH BO3AYIIHOTO OXJAKICHHUS 3a1a4a
MOBBIIICHUS MOIIHOCTH CTAaHOBUTCSI OCOOCHHO CJIOXHOU. BrusHue pazmepHo-
CTH JBUTATE]IS BO3AYIIHOTO OXJIQKICHUS HA MPEACIBHO TOCTHXKAMYH) BEITUYU-

HY cpeaHero 3p(eKTUBHOTO AABIECHUS p. 00yCIOBACHO cienyrommM. C yBenu-
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YEHUEM Pa3MEPHOCTH OOBEM KaMEPBI CrOPaHMsl TPH COXPAHEHUHU BETUYHHBI OT-
HOILICHUS XOJa MOPIIHA K AMaMETPy UMJIMHAPA, 4, CICI0BATENIbHO, U KOJIMYE-
CTBO CTOPAKOLIEH TOITMBHO-BO3AYIIHONH CMECH PACTYT MPUMEPHO MPOMOPLIHO-
HalbHO KyOy AvaMeTrpa OWIMHApa. B TO k€ BpeMs IUIOIAAb OXJIKIAEMBIX
BO3JIyXOM MOBEPXHOCTEH YBETUUMBACTCS MPOMOPLUMUOHAIIBHO KBAAPATy AMAMET-
pa. C y4eTOM H3JI0KEHHOTO, MPU COXPAHEHUM JIOJIA TEIUTOTHI, MEPEAABACMON B
CTEHKH KaMepbl CrOpaHus, TNIOTHOCTh TEIUIOBOTO MOTOKA OT BHEIIHUX MOBEPX-
HOCTEH NOJDKHA C YBEJIMUEHUEM NWAMETpa LMIUHAPA pacTu. [IpakTruuecku 310
BO3MO>KHO JIMIIb 33 CYET MOBBILICHUS TEMIIEPATYP HA OXJIAKIAEMBIX TOBEPXHO-
CTSIX U, KaK CJIECACTBUE, CPEIHUX TEMIEPATYP ACTANECH ABUTATEIS.

Hcexoas u3 BhILIE U3TI05KEHHOTO, MOKHO YTBEP)KIIATh, UTO JUIsl IBUTATENECH
BO3YIIHOTO OXJAKIEHUS CYIIECTBYET MPEAET MOBBILICHHUS PA3MEPHOCTH, BbI-
i€ KOTOPOTO HEMb3s O0ECHEYNTh AONYCTUMBINA TEMIEPATyPHBIA PEXUM JeTa-
Jeil LATUHAPO-TMIOPIIHEBOM TPYIIBI TPH 3aJaHHOM YPOBHE (POPCHPOBAHMSI.

Cpenn cepuitHO BBITYCKABLIMXCS W BBITYCKAOLINXCS B HACTOSIICE BPEMSI
JU3ENei BO3AYIIHOTO OXJIKIACHHS CaMyr0 OOJTbIIYIO Pa3MEPHOCTh UMEN TN3ETb
8UBH15/16, npousBoauBiumiics Ha BonrorpajckoM MOTOPHOM 3aBOJIE. 3a Bpe-
Msl BBIITYCKA YAAJIOCh MOBBICUTH MOIIHOCTh ATOro aurarens ¢ 272 kBt (p.~0,85
MITa) no 404 kBt (p.~1,26 MIIa) [9, 10]. 310 TM3€TL UMEI TAKKE CAMOE BBICO-
KOE 3HAYEHHE p, CPEAM IU3ENEH BO3AYLIHOTO OXJIAXKACHUS, MPEIHAZHAYECHHBIX
JUTS TATOBO-TPAHCIIOPTHBIX MAIIWH. Bee 3TO CBUAECTENBCTBYET O TOM, UYTO OLCH-
Ky BO3MOXKHOCTH (HPOPCHPOBAHMS AM3ENICH BO3MYIIHOTO OXJAKICHUS 0 Mpe-
JEIBHOTO YPOBHSI LENECO00PA3HO PACCMOTPETh HA NPUMEPE UMEHHO 3TOTO -
3€Isl.

OneHka BO3MOKHBIX MPEACTIOB (POPCUPOBAHUS HAIAYBOM JIW3EICH BO3-
AYLIIHOTO OXJQKIACHHUS MPH PA3NMYHBIX YPOBHSX OXJIAXKICHUS HAJAYBOYHOIO
BO3[lyXa M PA3JIMYHBIX PETYIMPOBKAX MO KOIPPUIMEHTY M30BITKA BO3AyXa Obl-
Jla TPOBEIEHA C NMOMOIUBIO PACYETHO — 3KCHEPUMEHTAIBHOIO METOAA OLEHKH

TEIUIOBOTO COCTOSIHUS TOJIOBKM IuuHapa [11].
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Ha ocHoBe anHanm3a pe3yapTaTaroB PacyeTOB CAECTAH BBIBOJI O TOM, YTO
JIM3ESTA  BO3JYLIHOTO OXJKICHUS TpU (POPCUPOBAHMM HAIAYBOM OCOOEHHO
KPUTUYHbl K BEIMYMHE OTHOWICHUS JaBICHWH p/pr. llokazaHo, 4ro ¢
VBCJIIMYCHUEM OTHOLIEHUS p/pr MaKCUMAIbHAs W CPENHSAS TEMIEPATYPbI
OTHEBOTO JHULIA FOJIOBKHA LUJIMH/IPA CHUKAIOTCS TI0 TMHEHHOMY 3aKOHY.

BelmonHeHa o1ieHKa HanOOIbIIKAX (MOPOTOBBIX) 3HAYCHHUI TUAMETPOB 1H-
JUHAPOB IU3ENEH BO3AYIIHOTO OXJIQKICHUS, P KOTOPBIX YAAETC 00ECIEUNTh
HEOOXOMMOE OXJIKACHUE TOJIOBKH LWJIMHIAPOB, UCXOIS M3 MPEIACIBHO TOMY-
CTUMOHN II0 BEJIMYMHE MAKCUMAJIBHON CPEIHEHMHTETPAIBHON TEMIIEPATYPEI

IUIOTHOCTH TCILNIOBOI'O IIOTOKA B €€ JHHUIIIC.
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YAK 621.4:620.3
P. B. I'opuikos
NHaTencupukanus npouecca Temio0TAA4Y4 B CHCTEMe OXJIAKACHHS THJIb3bI
LHJIMHAPA IBUTaTe ISl 32 CYET NMOBbIIIEHU KOY(PPHUIHEHTA
TEIJIONPOBOAHOCTH TEIJIOHOCUTEJIS1, MOAU(PHIHPOBAHHOIO

HaHOYACTHLAMU MynLanpaq)eHa
Spocnasckuii 'ocygapcTBeHHbIH TeXHUUECKUH Y HUBEPCUTET

Intensification of the heat transfer process in the cooling system of a
cylinder liner by increasing the thermal conductivity of the coolant
modified with multigraphene nanoparticles

R. V. Gorshkov

Yaroslavl State Technical University

B cBsa3u ¢ poctoM ypoBHs (DOPCUPOBKHM MEPCIEKTUBHBIX OW3ENEH
VBEIMYMBAKOTCA KAaK MAKCUMAJBHOE JABJICHUE CrOPaHUs, TaK W CpPEOHEE
3(p(PeKTHBHOE NABNEHUE. DTO MPUBOAUT K BBICOKUM 3HAYCHUSIM TEMIIEPATYpP
TEIUIOHATPY>KEHHBIX ~ ACTalci,  OrPaHMYMBAKOLIMX  KaMmMepy  CrOPaHUSL.
HWHTeHcupukanms mpouecca TEIIOOTAAYM B CUCTEME  OXJIOKIACHHS s
CHIDKEHUS 3THX TEMIIEpaTyp MpUOOPETAECT BAXKHOE 3HaUYeHUE. OCHOBBIBASICH HA
3TOM, HAMH MPEUIOKEH CNOCO0 YBEIMUYEHUS] MHTEHCUBHOCTH TEIJIOOTAAYM HA
IPAHUALIE «CTEHKA — OXJIKAAKIAA S>KUAKOCTB» 34 CYET 3HAYUTENBHOIO
yBEJIMYEHUST KO3 (PUIMEHTA TEMIOMPOBOJHOCTH TEIIOHOCHTENS. PazpaboTaHbl
yCTOHUMBBIE JBYX(a3HBIE CYCINECH3MHM TBEPABIX HAHOYACTHIL MYJIBTHrpadeHa,
umeromero koagguuuent temtonpoBoanoctu 3000-5000 Br/m-K, u 6a3oBoi
JKUJKOCTH, TNpeacTaBistomed coboil 20% BOAHBIA PacTBOP ATUJICHTIIMKOJISL.
Koadpduument rtenmnompoBogHOCTH  oOpa3ma CYCHEH3MH C  MacCOBOM
KOHUEeHTpauuell vactul, myabturpagpena 0,75% ypemmuwiics Ha 60%  mo
CpaBHEHHIO ¢ 0a30BOil xuAKOCTbIO mpu Temmeparype 90 °C. s OLECHKH
yBEJIMUYEHUS KO3((PUIIMEHTA TETUIOOTAAYMA HA TPAHULE «CTEHKA — KUJIKOCThY M

VPOBHSI CHW)KECHMS TEMIEPATyp CTEHKHA TWIB3bl LMIUHApPA asurarens 6UH
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13/14, ObL10 BBIMOAHEHO KOoMIblOTEpHOe CFD-MoaenvpoBaHue mo METOIy
BBIYMCIIATENBHON ~ TUAPOIMHAMUKHA. CHMyISIUMS — OXJQKICHHAS  THIB3BI
MPOBOJAMIACE C HWCHOJIB30BAHUEM B KAYECTBE TEIUIOHOCHUTENS CUCTEMBI
OXJKIACHHUS 0a30BOM JKMJIKOCTH M CYCIEH3MM € MACCOBOM KOHUEHTpALUEH
yactul Mmysbtarpadena 0,75%. Bee ocranbHbIE yCIIOBUS MOACTUPOBAHUS ObLITA
HEU3MEHHBL. [I[pUMEHEHUE B KAUECTBE TEIJIOHOCUTENS YKA3AHHON CYCHEH3HMH
NoKa3ajao oOulee CHIDKEHWE TEMIIEpaTyp PacuCTHOM MOBEPXHOCTH THJIb3bI
nuauHApa aeuratens 6UH 13/14, a makcuMasbHas TeMneparypa NOBEPXHOCTH
I'MJIb3bl yMEHbIIMIAch Ha 8 °C.

Kuouesvie cnosa: rosgpgpuyuenm menionpogoonocmu, menioomoaud,

cucmema OXIAdNCOeHUsl, 2UIb3d YUTUHOPA, HAHOJICUOKOCHb, MYJIbmuepddger,
memnepamypvl CmeHKU, MOOeIuposaue.

In connection with the increase in the level of forcing of promising
diesels, both the maximum combustion pressure and the average effective
pressure increase. This leads to high temperatures of heat-loaded parts, limiting
the combustion chamber. The intensification of the process of heat transfer in
the cooling system to reduce these temperatures becomes important. Based on
this, we have proposed a method for increasing the intensity of heat transfer at
the “wall — coolant” boundary due to a significant increase in the thermal
conductivity of the coolant. Sustained two-phase suspensions of solid
nanoparticles of multigraphene, having a thermal conductivity of 3000-5000 W
/m - K, and a base fluid, which 1s a 20% aqueous solution of ethylene glycol,
have been developed. The thermal conductivity of the sample suspension with a
mass concentration of multigraphene particles of 0.75% increased by 60%
compared with the base fluid at a temperature of 90 © C. To estimate the increase
in the heat transfer coefficient at the “wall — liquid” boundary and the level of
temperature decrease in the cylinder liner wall of the 6UH 13/14 engine,
computer CFD modeling was performed using the computational fluid dynamics

method. A simulation of cooling the liner was carried out using the base fluid
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and the suspension with a mass concentration of multigraphene 0.75% as a
coolant. All other modeling conditions were unchanged. The use of this
suspension as a heat carrier showed a general decrease in the temperatures of the
calculated surface of the cylinder liner of the 6CHN 13/14 engine, and the
maximum surface temperature of the liner decreased by 8 © C.

Keywords: thermal conductivity coefficient, heat transfer, cooling system,

cylinder liner, nanofluid, multigraphene, wall temperature, simulation.

CornmacHo aoknana aBcTpuiickoi (GupMbl AVL, MEpCOEKTUBHBIE TU3EIH
OpU JTOCTHXKEHWM HOPM DSKOJIOTMYECKOro kmacca Euro 6 moryr pocturark
3HaYeHW cpeaHero AddexktuBHOoro gaBieHus Oosbiie 2.5 MIlla u
MaKCUMaJIbHOIO JaBJicHUs cropanusi 6ojee 24 MIla. A 3T0 B CBOIO 04Yepe.b
OPUBOJUT K BBICOKMM 3HAYCHUSM TEMMEPATYpP TAKUX TEIUIOHAMPSKEHHBIX
JeTaneil  Kak TMOpIIEHb, TOJOBKA M TWib3a UWIMHAPOB. [losTomy
WHTEHCU(UKAUsl Mpolecca TEMIOOTAAYH B cucteme oxnaxnacHus (CO) mis
CHIDKECHHUSI 3TUX TEMIIEpaTyp MPUOOPETACT BAKHOE 3HAYCHHWE. [ CHWOKCHHS
BBICOKMX TEMMEpPaTyp J3THX JCTalcil CYyIIECTBYIOT Pa3HBIE CHOCOOBI
WHTEHCH(PUKAMK NPOLECcCca TEMIO0TAAYM B CUCTEMAX OXJIKICHHS IBUTATENICH.
OT0 M yAydlleHWE PEKUMHBIX mnapaMerpoB CO M KOHCTPYKUHMOHHOE
o opMIIEHNE HaPaBIICHUS IBHKEHUS TEIUIOHOCHTENS. KpoMe BhIIEYKa3aHHBIX
cnocoOoB  yBenuueHust kod(pduimenta temiootaaun (o) B CO Oosbiioe
3HAUEHUE UMEET U U3MEHeHHe KomIuiekca BemmuuH Ko (A, p, v, Cp),
XapaKTEPU3YIOLIETO OXJIAKAAOIINAE CBOMCTBA BBIOPAHHOTO TermoHocuTens [1].
A cpemi 3THX (PUBMYECKHMX TMMAPAMETPOB TEIJIOHOCUTENS CYLICCTBEHHOE
BJIMSIHAC HA TEIUIOOTAA4y OKa3bIBACT €ro KOAPPUIUEHT TEMJIOMPOBOAHOCTH A.
JIOOUTBCS 3HAUMTENILHOTO YBENMYEHUsl A TenioHocutens s CO aBurarens
NO3BOJIJIO PA3BUTHE COBPEMEHHBIX HaHOTexHosorwid. Hamum paspaboTanbl
YCTOHUMBBIE JBYX(A3HBIE CYCIICH3MM TBEPABIX HAHOYACTHI[ MYJIBTHrpadeHa,

umeromero  kodgduiuent TemnonpoBoanocty  3000-5000 Bt/m-K [3], wu
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0a30BOM  KMAKOCTH, MpeAcTaBisomeil codoil 20% BOaHBIA  pacTBOp
stuneHrmkojs (BT 20%). Takue cycneH3uu Ha3bIBalOT HAHOKUAKOCTSIMU [2].
MynbeTurpadeH Mmoyduian METOAOM 3JIEKTPOXMMHYECKON 3KC(honmanmu
rpaguTtoBoii (ponbru. CyIIHOCTBIO ATOr0 METOA ABJISIETC TudPy3usi HOHOB U3
pacTBopa 3JEKTPOJIMTA B MEXKCIOMHOE MPOCTPAHCTBO TPAPHUTOBBIX CIOEB MO
JAEUCTBUEM SJIEKTPHYECKOTO MOJISA. Y CTOWUYMBYIO CYCHEH3HIO MyJbTHrpad)eHa B
B3I' 20% nonyuywnu ¢ HCOOJNB30BaHWEM 6%  BOAHOTO  pacTBopa
nosmBuHUANUpponuaona (I1BIT). HeoOxogumoe konmmuecTBO MyJbTUrpadeHa
mucneprupoBanii B BOI' 20% wu BomHom pactBope [IBII (¢ maccoBoit
KOHUEHTpauueil 1%) ¢ KWCmonb30BaHUEM YIIBTPA3BYKOBOIO JMCIEPraropa B
TeyeHne 48 4YacoB. YCTOMYMBOCTH AWCIEPCHH ONPEACISIN MO H3MEHEHHIO
IPOIMYCKaHWs paCTBOPA B BUAMMOM JUANAa30HE CIEKTPA C TCYCHUEM BPEMEHH.
HsBecTHBIE OMIIUPUYECKUE KOppensuuu [4-6] ABJIAIOTCSA
anMnpoOKCUMALMENl 10CTaTOYHO OOJBIIOrO KOJMYECTBA ASKCIEPHUMEHTATBHBIX
JAHHBIX M HE OMUCHIBAIOT TOBEACHHE KOA(PPUIMEHTA TEMIOMPOBOAHOCTH C
ydeToM Bcex (akTopoB. [103TOMYy AOCTOBEpHBIE 3HAYEHUS KO3(PPHIIMEHTOB
TEMIONPOBOAHOCTH CYCHEH3UH MBI OMPEAEITUIN SKCIIEPUMEHTAITBEHO.
HM3MmepeHnss A MONyYEHHBIX HAaMH OOpa3llOB HAHOKUIAKOCTEH Mpu
BBHIOpAHHBIX MAaCCOBBIX KOHIIEHTPAIUAX ((Qm) HAHOYACTUL MyJIbTUTPadeHa oT
0,2% no 0,75% ocymectBnsimcy B auanaszone temneparyp 20...60 °C
nocpeacteoM npudopa KD2 Pro, peanuzyroinero MeTo ropsyeii mpoBOJIOKH,

0 METOJIMKE, MPEACTABICHHOM B padoTe [1].
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NuaTencupuranns Temio00MeHa B MOJOCTAX OXJIAKACHUSA BHICOKO(OopCH-
POBAHHOIO AU3e/Isl OPraHu3anMeil my3bIpbKOBOIr0 KHIICHUSI KHIKOCTH
JIJI. MsirkoB, B.M. CuBaueB
Mockosckuit ['ocyaapcreennbiii YHuBepcuteT nM. H.3. baymana
Enhanced heat transfer with nucleate boiling in cooling passages of high
performance diesel engine
L.L. Myagkov, V.M. Sivachev
Bauman Moscow State Technical University

Dopcuposarue cpeoHeobopomuuix Ousenell nocpeoCmeomM NoOGuIULeHUs.
oasiienust Hao0oy8a NPUBOOUM K pOCMY MeNnl1080l HANPSIHCEHHOCMU KPbIULeK U
BMYIIOK YUIUHOPOG. DMO MOHCEm CMAamb NPUYUHOT 0OpA306aHUS MEPMOYCMA-
JIOCIMHbBLX MPeWUH Hd O2HEEOM OHUULE KPBIUEK YUIUHOPOG, d MAKICEe NPUYUHOT
300Upa NOPULHs 6CleOCMEUe BblCOKUX MeMnepamyp 3epkaid yuiunopd. Hopma-
JIU3AYUSL MENI08020 COCMOANUSL OU3EIS MOJACem Dblib OOCMUSHYMd UHMEHCUPDU-
Kayueti menioooyMeHd 8 NOJIOCHAX OXJIAACOEH U, MENIOHANPSICEHHBIX Oemaiel.
Oonum uz cnocobos JOKANLHO20 YEeaudenuss menioomoayu MOJCEem CLYICUMb
npoyecc Ny3vipbKoB020 KUNEHUS OxXlaxcoaroweit scuokocmu. Opeanuzayus J1o-
KAIbHO20 NpoYecca KUNeHusi Modcenm Ovims pediu3o8and usmMeHeHuem eeomem-
puu npomoyHot yacmu. /s 5mo2o Heobxo0umo npoeecmu pacyemusle uccieoo-
Banust 2UOPOOUHAMUKU HCUOKOCHIU U CONPAICEHHO20 MeNn1000MeHd 8 NoA0CmU
OXTIadKCOeHUsi Ou3enisi Ha baze Memooo8 BblYUCTUMETbHOL 2UOPOCAZ00UHAMUKU
(CED-memooog). B nacmosuyeti pabome 00vekmom uccieoosars Ovli 8b10patn
8bICOKOOPCUPOBAHHBLTI CPeOHe0DOpOMHbLTI Ou3enb H08020 nokonenus J[500. B
Kayecmee nepeoco dmand ucciedoBams nposeoen paciem 0OHopA3H020 mede-
HUs JicuOKocmu. Pacuemnule uccieoosanus nokasanu, Ymo memnepamypd sHeuo-

KOCHU 8 OMOEIbHBLX 30HAX NOJOCMET OXAAACOCHUSI KPLIULEK U 6MYJIOK YUTUHOPOS
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ousejisi oocmueaem memnepamypul Hacviyenus. Ha nocieoyiowux smanax pa-
Oomubl npeonoazaemcs UMniemMeHmupoeams mooeis kunenus 6 CFD-xo0 u npo-

6ECNIU YCOBEPULEHCMBOBUHUE }/ZpOWIOLlHOﬁ yacmu ou3zesl.

Kuruesvie cnosa: J[BC, ouzenb, cucmema OXadajicoeHus, KUNeHue ¢ Heoo-

epesom, yucienrnoe mooeauposarue, CFD.

Intensification of working processes of medium-speed transport diesels by
increasing the mean effective pressure leads to an increase in the thermal factor
of the cylinder head and cylinder liner. It can cause the formation of thermal fa-
tigue cracks on the fire bottom of the cylinder heads, as well as piston scuffing
due to cylinder bore high temperatures. Normalization of the thermal state of the
diesel parts can be achieved by intensification of heat transfer in the cooling gal-
lery. One of the methods of this is coolant nucleate boiling. It is necessary to
change the geometry of the cooling passages to organize the local boiling process.
In this connection, numerical study of hydrodynamics and conjugate heat transfer
in the cooling gallery on the basis of CFD is needed. As the object of research, a
high performance diesel D500 is chosen. As the first step of the study, the single-
phase flow simulation is done. Calculation studies show that the fluid tempera-
tures in some places of cooling gallery of cylinder heads and liners reaches a
saturation temperature. In the subsequent steps of research, it is expected to im-
plement boiling model for a CFD simulation and accomplish the improvement of

cooling gallery geometry.

Keywords: ICE, diesel engine, cooling system, subcooled boiling, numeri-
cal simulation, CFD

BBenenue

dopcupoBaHUE CPEAHEOOOPOTHBIX TPAHCIOPTHBIX AMU3ENICH MO CPEIHEMY
3(}(PEKTUBHOMY TABICHUIO C LEJIBIO TOBBIICHHUS WX MOIIHOCTHBIX, JKOHOMUYE-
CKMX M DKOJIOTMYECKUX MOKA3aTeNICH MPUBOANT K YBEIMUYCHHUIO TEMJIOBOM HAMps-

JKCHHOCTH KPLIILICK W BTYJIOK HUJIMHAPOB, YTO UMCCT HCI'aTUBHBIC ITOCJIICACTBUA C
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TOYKH 3PEHUS BO3MOKHOCTH O00Pa30BaHMs TEPMOYCTATOCTHBIX TPEIIMH B MEXK-
KJIAMAHHBIX TEPEMBIYKAX KPBIIIEK LUAJUHAPOB, a4 TAKKE BO3MOXKHOCTH 3a1Mpa
MOPIUHS M3-3a Pa3pyLICHUS MACISHON NJICHKU HA 3€pKaJie LMIMHApPA. B cBs3u ¢
3TUM HEOOXOAMMO MPUHITHE MEP MO HOPMAJTU3alui TEMIOBOTO COCTOSTHUS TETI-
JIOHAMPSKEHHBIX JETANICH JBUratelis, KOTOpoe 00€CIEUUT HAASKHYI0 PadOTHI
JU3EIIsl B YCIIOBUSX (POPCUPOBAHHBIX pa0OUYMX MPOLIECCOB.

JUis HOpMaliM3aluy TEIUIOBOTO COCTOSIHUS ACTANIEW IM3eNel MpuMeHs-
FOTCSl PA3JTMYHBIE CIOCOOBI JIOKAIBHOTO OXJIAXKACHUS, CPEIM KOTOPhIX HanOoJee
3((PEKTHBHBIM MO>KHO CUATATh MPOLECC MYy3bIPHKOBOTO KUMEHHS C HEJOTPEBOM,
TaK Kak, BO-IIEPBBIX, HHTCHCUBHOCTb OXJIDKIACHUS B PEKUME MOBEPXHOCTHOTO
KUICHUS 3HAYUTENBHO BBILIE, YEM IPH BBIHY>KACHHON KOHBEKLMH, & BO-BTOPBIX,
KO3((UIMEHT TEMJIOOTAAYM NPU KUMCHWW HANpPSIMYy0 3aBHCHT OT TEIJIOBOH
HArpy3KH, CJIEI0BATENbHO, B 30HAX C BBICOKUMH TEIUIOBBIMUA MMOTOKAMU WHTEH-
CUBHOCTb OXJIKJICHUS aBTOMATU4YeCKH OYJET BhICOKOM [1, 2]. Takum oOpazom,
U 00ECTIeUeHUsT pecypca MEPCHEKTUBHBIX AU3ETEH MPEACTABISIETCS BO3MOXK-
HbIM MHTCHCU(PUIMPOBATH TEIJIOOTBOJ B HaKOOJIEE TEIIOHAIPY>KEHHBIX 30HAX
JETAICH U3€EIIsl, TPUMEHSS MPOLIECC My3bIPbKOBOIO KMIIEHUS KM IKOCTH.

B Hacrosimee Bpems Ui peLIeHUs 3a1a4, CBA3aHHBIX C TCUCHUSIMH KU KO-
CTH B MOJIOCTSIX OXJIAXKACHUS IBATATENEH BHyTpeHHero cropanus (JIBC), a Taxxke
C COIMYTCTBYIOINUMU SIBJICHUSAMH, TAKAMH KaK TEIUIO— M MacCOOOMEH, MHOTO-
(a3Hble TEUEHUS W T.J., UCIOJIB3YOTCS METOJbI BBEIYMCIUTENBHON THAPOINHA-
mukn (CFD-meroapn) [3]. [Ipu 3TOM pemaeTcsi COnpsbKeHHAs 3aAa4a TEmoo0-
MEHA, KOT/Ia K CUCTEME YPABHEHHUMA, ONMKCHIBAIOIIMX TEMIIEPATYPHOE TOJIE B MO-
TOKE, TPUCOCAMHAETCSA YPABHEHUE TEIUIONPOBOAHOCTH, OITMCHIBAIOLIEE TEMIIEPA-
TYPHOE TOJIE B TBEPAOM TEJIE, @ HA TPAHULE KUAKOCTb—CTEHKA 3aJar0TCS YCII0-
BUSI COMPSDKEHUS 3TUX MOJich [4, 5]. Jlns MOACIMPOBAHUS TPOIECCA KUTICHUS
JKUJKOCTH HA CTEHKAX NMPOTOYHON YACTH MCHOJIB3YIOTCS CHELUUATIBHBIE 3ABUCH-

MOCTH MJId IINTOTHOCTH TCILJIOBOI'O ITOTOKA HA CTCHKEC — MOACIN KUIICHHUA. Hamnbo-
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Jiee pacnpoCTpaHEHHON sBseTCs MoAenb Jk. UeHa [6], koTopas WCHoJib30Ba-
JIOCh MPUMEHUTENBHO K cucTeme oxyaxaeHus JIBC B padortax [7-17]. O030p ju-
TEpaTypbl MOKA3BIBAET, YTO 00JIEE TOUHBIE PE3YJIbTATHI, TO-BUAUMOMY, JAKOT MO-
muukanuu moaenu J[x. YeHa, yduThIBAIOUIUE BIMSIHUE HEAOTPEBA KUAKOCTH Ha

MMOAABJICHUC ITIY3BIPEKOBOI'O KHIICHHA, B YaCTHOCTH, CIACAYyIOIIas 3aBUCHMOCTDL

[16, 17]:

_ + 1 Tw - Tsat
Qw = Gxoms T 1777012+ (Re - 10-4)L1% T, — T, Jxnm
10,79C0,45p0,49
l A l
Qxun — 0’00122 UO’SM?'2§L0’24p§'24 (TW - Tsat)1'24(psat(Tw) - p)0’751

TIE (youp — KOHBEKTUBHBIN TEIUIOBOM MOTOK, ONPEAEISEMBII B COOTBETCTBUU C
3aBUCUMOCTEIO JluTTyca-bonrepa [18]; Re — uucno Pelinonwaca; T, — Temiie-
parypa CTeHKH, T, — TeMIIepaTypa HACBIIEHUS KUJKOCTH;, T, — TEMOEPATypa
S/1pa MOTOKA, gy — TEMIOBOM MOTOK 3a CUET KUIEHUS KUJKOCTH, A; — KO3(]-
(pUITHEHT TETUTONPOBOIHOCTH JKHIKOCTH; Cp; — M300apHas TEMIOEMKOCTD JKHU/I-
KOCTH, p; — TJIOTHOCTb KMAKOCTH, 0 — KOA(PPUIUEHT MOBEPXHOCTHOIO HATS-
JKCHHUS, [1; — AUHAMHAYECKAS BA3KOCTh KUJAKOCTH, L — CKpbITas TEIIOTa Napo-
00pa3oBaHus; P, — MIOTHOCTb Mapa; p — NABIICHUC; Pgq; — JABJICHHE HA JIMHAN
HACBILICHUS.

Wmnnemenrtanmst moaenu kurnenust B CFD-koa MokeT ObITh peau30BaHa
C TOMONIBI0 KCTOYHUKOBOIO WICHA S B YPABHEHUH SHEPTUU, KOTOPHIN 3aIUCHI-

BacTCA TOJBKO MJIA IPUCTCHOYHBIX AYCCK:

S = Qyun SaKI/Il'[(TW — Tsat)
E — Ky - S )

riae & — pa3Mep KOHTPOJILHOTO 00bEMA MO0 HOPMAJTU K MOBEPXHOCTH pazzieia cpel

(Puc. 1).

Tako#t TOaX0/ MO3BOJSAECT BHIMOJHATH PACUET TEMJIOMAcCOOOMEHa B CH-
CTEME OXJIAKIACHMS IBUTATENS C YUYETOM KHWIIEHHUS >KUIAKOCTH, HE MOACIUPYS

HanpsAMYIO NapoByto (dazy.
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Tabmuia 1

I'pannynebie ycnoBus

ITosepxHOCTH TemIOOOMeHa o, (BT/(M?K)) T, (°C)
BnyckHol xanan 333 78
BrinycknHoil kaHan 904 641
Hapy:xHbI€ TOBEPXHOCTH 30 40

KonTakTHbIe naps!

Kmaman — cenno HUneanpHblil KOHTAKT

Ceno — kpbIlKa 9200 -
Hanpasnsromas BTyJKa — KpbILIKa 9200 -
Hanpasnsromas BTyJIKa — KJlanaH 800 -

OCcOOCHHOCTH TEUYCHUS KUJIKOCTU B MOJOCTaX oxjaxkaeHus JIBC mo3po-
JIIFOT TPUHATH PSII CAEAYOIUX OCHOBHBIX JOMYIIEHHWHA MPU MOCTPOCHUM MaTe-
MAaTUYECCKON MOJICIIN:
® TEYEHUE KMJKOCTH CTAlMOHAPHOE U TYPOYJIEHTHOE;
® OKUJKOCTBH CUATAETCA BA3KOM, HBFOTOHOBCKOW M HEC)KUMAEMOM CPENOH.

Hwuzxe mpeacTaBiacHbl OCHOBHBIE YPABHEHUS MATEMATAYCCKON MOICIIH.

YpaBHEHHUE HEPA3PBIBHOCTH:

V-(pil) =0
YpaBHEHUE NBUKCHUS
p(ﬂ’-ﬁ)ﬁ’z —V-(pD+V-T

YpaBHEHUE SHEPIUHN:

= D o = v Hels
V-(pHu)=V-(u-T)+V- (— —)Vh S,
(pHI) = V- @) + 7+ { (5t 5r) 0 | +55
rae U — BEKTOP CKOPOCTH, {; — TYpOyJIEHTHAs JMHAMHYECKAS BI3KOCTh,

= N T = —
I — emunnunas marpuna; T = (i + 1) (V i+ (Vi) ) — % (u+p) (V- )l —
TEH30p BA3KMX Hanpsokenwii; H = h + |U|?/2 — nonnasg >HTansnms; h — 5H-

Tanbnus;, Sy — UCTOYHUKOBBIN WICH YPaBHEHUS SHEPIUK;, Pry — TypOyJEHTHOE

yucio [Ipanarns.
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CTOSITENIBCTBO CBA3aHO € MAACHUEM PACX0a KMAKOCTH BCIEICTBUE KOJUIEKTOP-
HOro 3 dekra. Takke MOKHO OTMETHUTB, YTO B IPEAENIAX OJHOTO HUIUHAPOBOIO
KOMIUIEKTA 30HbI KMIICHUS KUAKOCTH W 30HBI MAKCUMAJIbHBIX TEMIIEPATYp ACTA-
Jeil HaOmoJar0TCsl, B OCHOBHOM, B 0OJACTH BBINYCKHBIX KAHAJIOB KPBILICK LIH-
JIMHIPOB.

3akJiiroueHue

Ha ocHOBaHMM IPOBEACHHOIO UCCIIEA0BAHUS MOKHO CHEIIATH CIEAYIOLINAE
BBIBO/IBI

1. Ilpu MomenupoBaHUM KHUIECHUS JKUJIKOCTH B MOJOCTIX OXJIKIACHUS
JBUTATENS LEECO00PAa3HO MPUHATh PEXKAM TEYEHHsI OAHO(A3HBIM, 4 HHTCHCHU-
(puKanmro TEMI000OMEHA HA MOBEPXHOCTAX MPOTOYHON YACTH YYUTHIBATh C TOMO-
ek Moaenu [Pk, YeHa At II0THOCTHM TETUIOBOIO MOTOKA HA CTEHKE.

2. B IIK Star CCM+ pazpaboTaHa KOMNBIOTEPHAS MOJEIb JIJIsl UCCIIE-
JOBAHHS COMPSHKEHHOTO TEMIOMACCOOOMEHA B CHCTEME OXJIKIACHHS JU3EIs
124H26,5/31 (J1500).

3. BeinonaHen pacuer TermioMaccooOMena B auzene 1500, B pesyabTare
YEro MOJYYEHBI TPEXMEPHBIE PACIIPEACIICHUS] TAPAMETPOB KUAKOCTH B MOJIOCTIX
OXJIQKICHHUSI, & TAKXKE TEMIIEPATYP B ACTAISAX JU3EIIS.

4. CorracHo MPOBEAEHHOMY PACUYETHOMY MCCIIEA0BAHUIO TEMIIEPATY PA
YKUIKOCTH B OTAEIIbHBIX 30HAX MOJOCTEH OXJIAKACHUS BTYJIOK M KPBILIEK [UIHH-
JPOB TOCTATAET TEMIEPATYPbI HACBILIEHMUS, CIIEA0BATENBLHO, PaCYeT HEOOXOAUMO
NPOBOAMTH C YUYETOM KUIECHHUS YKUAKOCTH.

B xaudecTBe HanpaBiieHUI JAIBHENIINX UCCIIET0BAHUI MOYKHO OTMETHTH!

1. Wmnnementanms moaenu kurenust B CFD-kox.

2. YucaeHHOE UCCIICA0OBAHNE TEMIOMACCOOOMEHA B CUCTEME OXJTKIC-

Hus apurarens J[500 ¢ y4eToM KUNEHUS TETIOHOCUATEITS.
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3. UsmeHenue (PpopMbl MOJOCTH OXJKACHUS IJIsl OpraHu3aluu Jio-
KaJIbHOT'O MY3bIPhKOBOTO KATIEHUS *KUIKOCTH, CIIOCOOCTBYIOIIETO HHTCHCU(PUKa-
UK Tpoliecca TEMIO0TAaUM U CHUKEHUIO TEMIIEPATyP TEMJIOHAMPSKEHHBIX -

TaJCH.
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YK 621.436
Ounenka 10JroBe4HOCTH NOPUIHS BICOKO(POPCHPOBAHHOIO AU3EJISI C yUe-
TOM JABYXYACTOTHOTO HATPYKE€HHUS U HEYNIPYTroro Ae(popmMupoBaHus

JLLJI. Msarkos, C.M. CuBaueB
MITY um. H.3. baymana

Estimation of the durability of high-powered diesel engine piston with con-

sideration for two-frequency loading and inelastic deformation

L.L. Myagkov, S.M. Sivachev
Bauman Moscow State Technical University

Jlumeiinvie nopunesvie cniasvr cucmemvr Al-Si-Cu-Ni-Mg wupoxo npu-
MEHSIIOMCsl 8 OBUAMENAX PASIUYHON MOUHOCMU O1d200aps. UX MAIOMY YOelb-
HOMY 8€Cy, 6bICOKOU MENIONPOBOOHOCIU U XOPOULUM JUMETUHbIM CEOUCMBAM.
Oonaxo, 8 YClogusx pocma mepmMOMeXaHUdecKUx HAepy30K, CEA3AHHO20 ¢ NOo-
gviuLeHuemM YOeabHOl MOWHOCMU 6biCOKOpOPCUPOBAlHbLX Ousenet, pabodue
memnepamypul nopuireti npubnudicaromesi k 3uavenusiv 0,8-0,9 om memnepa-
mypbl NIAGLEHUS, U3-3d Ye20 MEPMONPOYHOCHb CUTYMUHOE SHAYUMENbHO CHU-
orcaemcest. Kax cnreocmeue, onsi obecnedenus mpebyemozo pecypca nopuiHei
CMAanoBumcsi HeoOxXo0umMbiM OoJee MOYHO MOOEIUPOSAMsb UX Meniogoe U
Hanpsiicento-oepopmuposannoe cocmosnue (TH/[C), yuumeisas ogyxuacmom-
HBLTL XApAKMep HASPYAHCEHUS U pA36UMUE GA3KONIdCcmudeckux oegopmayuii. B
oannoti pabome npogeoer 0630p CYuecmeyIouux Memooux, NO3GONAIOWUX OYye-
HUMb  00JI208eYHOCMb  NOpuis,  paspabomana memoouxa pacvema TH/[C
noputnst OJisk Makpoyurios «llyck-Ocmano8y u paboyux yurkios Hd pesjcume Ho-
MunanvHol mownocmu. Onpeoenenvt Koaduyuenmer 6 Mooesx niIACMu4Ho-
cmu u nonzydecmu onsi cnaasa AKI2MMeH. [lonyyena cmadburuzupos8aHHds
nemJist ynpyeonidcmuiecko2o cucmepesucd, Had OCHOGE KOMOpPol no oegopmua-
YUOHHOMY U IHEPLEMUHECKOMY KPUMEPUAM NPOU3EEOeHd OYEHKA MAIOYUKLOBOT

yemanocmu nopuitisi. [1o skcnepumenmanbHuiM OaHHBIM 00J206eHHOCHb ObLld
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CKOPPEKMUPOBAHA C Y4emOoM BblCOKOYAcmomuol naepysku. Taxum obpazom,

OvLIL ymouneH pecypc NOpuLHsl.

Kuoueswie crosa: ouzenv, nopuiens, 08yx4acmomuoe HazpyceHue, nid-

CMU4YHOCMy, NOJ3y4ecmb, MHOCOYUKIOBUA YCMAIOCMb, MAIOYUKIOBUA Y Cnld-

J0CMb.

Cast Al-Si-Cu-Ni-Mg piston alloys are widely used for engines of large
power range due to their low specific gravity, high thermal conductivity and
good castability. However, under the conditions of increase of thermomechani-
cal loads associated with rise in specific power output of high-efficiency diesel
engines, operating temperatures of pistons go up to 0,8-0,9 of melting tempera-
ture resulting in significant reduction of Al-Si alloy high-temperature strength.
In this regard, to provide a required service life of pistons, it is necessary to
more precisely simulate their thermal and stress-strain state, taking into account
two-frequency loading and viscoplastic deformation. In this paper, a review of
existing methods for piston life estimation is carried out; methodology of calcu-
lation of piston thermal and stress-strain state for Start-Stop macrocycles and
operating cycles at nominal power mode is developed. The coefficients in plas-
ticity and creep models for Al-12Si-Cu-Ni-Mg alloy are determined. On the ba-
sis of obtained stabilized elastoplastic hysteresis loop, piston low cycle fatigue is
estimated using deformation and energy criteria. According to experimental da-
ta, piston life is corrected taking into account high-frequency load. Thus, piston

resource is specified.

Keywords: diesel engine, piston, two-frequency loading, plasticity, creep,
high cycle fatigue, low cycle fatigue.

Beenenue. I1I1Mpokoe HCHONB30BAHUE ATFOMUHHUEBO-KPEMHUCTBIX CILIa-
BOB (ciyMHHOB) cuctembl Al-Si-Cu-Ni-Mg, coaepxammx a0 12 pa3nuyHbIxX
BJIEMEHTOB, CBSI3aHO C UX BBICOKOH M3HOCOCTOMKOCTBIO M TEIJIOMPOBOAHOCTHIO,

HEOONBIIAM KO3 (OUIUEHTOM TEMIEPATYPHOTO PACIIMPEHUS, MAJIBIM YIETBHBIM
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BECOM, XOPOLIMMHU JIMTEHHBIMU CBOMCTBAMH, & TAKXKE BBICOKUMHM MEXAHUYECKHU-
MU xapaktepuctukamu [1-3]. [ToBbIICHHE YAECTBHOW MOIIHOCTH BBICOKO(DOP-
CUPOBAHHBIX JH3EJICH MPUBOIUT K POCTY MEXAHUUYECKUAX U TEIUIOBBIX HAIPY30K
Ha netann kamepsl cropanus (KC): napneHue BHYTPH HUIMHIPA MOKET TOCTH-
ratb B Hactosuiee Bpems 200 OGap, a MakcUMajbHasl TeMreparypa mopiiHs —
420°C, 4TO MJId TaHHBIX CIJTABOB COOTBETCTBYET TOMOJIOTHYECKUM TEMIIEPATY-
pam 0,8-0,9 (oTHOmEHHIO pabodeil TeMneparypbl K TEMIEpPAType TUIABJICHUS)
[3-5].

COBpEMEHHBII1 YPOBEHb T'OMOJIOTMYECKUX TeMmreparyp Ha kpomke KC
MOPIIHENA CTAHOBUTCS MPUYMHOW 3HAYMTENBHOTO CHIDKEHUS MX TEPMOIPOYHO-
CTH, B CBSI3H C YEM MPOTHO3UPOBATH PECYPC HA OCHOBE MPUOJIMKEHHBIX METO-
JIMK CTAHOBUTCS HEBO3MOXKHBIM. Y TOYHEHUE TAKUX METOJIMK BO3MOKHO 32 CUET
Oonee tounoro moaenupoBanuss THJC mopmiHeld ¢ ydyeTOM JBYXYaCTOTHBIX
Harpy3o0k 1 Heynpyrux 3Qp(hekToB maTepuania.

O030p MeTOANK OUEHKH A0JINOBEYHOCTH mNopuHeil. OCOOEHHOCTHIO
TeroHanpsbkeHHbIX aetaned KC, B 4aCTHOCTH MOPIUHS M KPBILIKK LHAJUHAPA,
SBIIIETCS TO, YTO OHH PAOOTAKOT B YCIOBHSX ABYXYACTOTHOIO TEPMOMEXAHUYE-
CKOI'0 Harpy>KeHUs. IUKIIbl HAU3KOH YaCTOThI COOTBETCTBYIOT M3MEHEHHUSM pe-
JKUMOB pa0OThI IBUTaTEsl, BHICOKOW YaCTOTHI — KOKAOMY padouemMy LUKITY (/1Ba
000poTa KOJEHYATOro Bajla Il YETBIPEXTAKTHOrO apuraresns). Kpome Ttoro,
BBICOKHE Temneparypel Ha KpoMke KC MmopiiHs mpuBOAAT K IMOSBICHUKO ILIA-
CTUYECKUX Aedopmanuii u aedopmarivii moa3ydyecTH.

B [6] benoebiM B.I1. ipy COBMECTHOM YUY€TE BBICOKOYACTOTHBIX U HU3KO-
YACTOTHBIX HArpy30K NMPUHUMAIACh T'MIOTE3a JUHEHHOTO CYMMHUPOBAHUS I10-
BPEXKIICHUH, MOTYUYCHHBIX HA PA3IMUHbIX pekuMax paboTel asuraresns. [1oBpe-
YKIACHUS HA HOMUHAIBHOM PEXUME d,; U PEKUME XOJIOCTOro xoja d, onpeens-
JIMCh KaK OTHOILIECHHUE PEATbHOIO KOJIMUYECTBA LIMKJIOB K npeaensHoMy. Ha mepe-
XOJIHBIX PEKAMAX C TOMOLIBIO Ae(OPMANMOHHO-KHHETHYECKOTO KPUTEPHS MO~

CUMTHIBATIUCH TIOBPEIKIACHUS OT YCTAIOCTH df U NON3YYECTH d:
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eg(T) 2. _ Aep,N
20e, | 17 eg(TY)

rae eg(T) — mpenenbHas MIaCTHYHOCTL MaTepuana, Ag, — pasmax niacTuye-
CKOH nedopmauuy 3a UMK HArpyxkeHus, Ae, — OMHOCTOPOHHEE CMELICHUE
NETAM YIPYronjacTUYEeCKOro rucrepe3nca 3a OAWH UMK, N — KOJIMYECTBO
UKJIOB JI0 pa3pyLICHUS.

YcnoBue pa3pyLeHns UMEN0 CIEAY MU BUA:

dy+dy +ds+dy =1

HBanvyeHko A.b. pesioKuI UCMOJIb30BaTh TMIIOTE3Y JIMHEHHOTO CyMMU-

POBaHUs MOBPEKACHUIA B HECKOIBKO MHOM opme [7]:

*

n n

A=—+—
Np Np

rae A — cymmapHoe noBpexaeHue;, N, — HOMyCTHMOE YUC/IO IMKIIOB, COOT-
BETCTBYIOIIEE HATPY)KEHUIO aMIUIATY A0 HAIPKEHUN 0, OT CYMMAapHOIO TEII-
JIOBOT'O BO3ACUCTBUS BHICOKOYACTOTHOM M HU3KOYACTOTHOM COCTABIIAIOIINX Np*
— JIOMYCTAMOE YHCIIO0 IHUKJIOB, COOTBETCTBYIOIIEE HATPYIKEHUIO aAMIUIUTYION
HaMpsDKeHUH 0, OT BO3AEHCTBUS BBHICOKOYACTOTHOM TEMIIEpaTypHON COCTaB-
JIAIOWIEN; N — YUCIIO LUKJIOB HU3KOM YaCTOTHI OO0 MHOSABJICHHUS YCTATIOCTHOW
TPELIMHBL, N° — YUCJIO0 IUKJIOB BBICOKOW YaCTOTHI J0 MOSBICHUS YCTATIOCTHOM
TPELIMHEL

B pabote [8] npu pacCMOTpPEHHH ABYXYAaCTOTHOTO CHEKTPA HArPY>KEHUs
TOJIOBKM TIOPINHSA TETJIOBO3HOIO JBHUTATENS MPELIarajloch ONPENETATh, BO
CKOJIBKO pa3 [IOJTOBEYHOCTh KOHCTPYKLMH MPH ABYXYACTOTHOM HArpy >KEHUH
HW)KE JOJTOBEYHOCTH MPH OAHOYACTHOM HArPYKEHUU € aMIUIATYIOW, PaBHOM

CYMMC aMILIMTYAC COCTABJIAIOIHNX JBYXYACTOTHOI'O HAI'PY>KCHUA!

Ny

Ngc - O'aH\/l + (f;;/ﬁ{)(o-aH/O-ac)z

O-ac
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rae Ny — JDONroBEYHOCTH NP IBYXYACTOTHOM HArPYXXEHHH, ONMpeaeseMas 110
YHUCY IUKJIOB BBICOKOYACTOTHOM COCTaBsitolIeil; Ny, — AONTOBEYHOCThH MPHU
OJIHOYACTOTHOM HAarpy>k€HUW C aMIUIMTYAO0H, PAaBHOM CyMME aMIUIATYT COCTaB-
JSOUIMX IBYXYACTOTHOTO HATPY>KEHUS, O, U O, . — aMIUTUTY1a HU3KOYaCTOT-
HOI M cyMMapHas aMIUIATYAA BBICOKOYACTOTHOM M HU3KOYACTOTHOM COCTaBIIS-
FOINUX IUKJIAa HAOPSDKEHUH COOTBETCTBEHHO, f; M f; — YacTOThI Harpy>KeHui
BBICOKOYACTOTHOW M HU3KOYACTOTHOM COCTABJISFOIIMX COOTBETCTBEHHO.

Heo0xommmo OTMETUTB, YTO JaHHAs METOIUKA MPUMEHUMA TOJIBKO B TOM
ciiydae, eclii AeopManuu ACTaly OCTAKTCS B yIPYroi 00acTH.

[[lupokoe pacnpoCTpaHEHUE B 3apYOEKHBIX HCCICAOBAHUAX MOTYUYHIIA
MOJIC]Ib TEPMOMEXAHUYECKON BBIHOCIMBOCTH, pazpaboranHas Neu R.-W. u Se-
hitoglu H. [9, 10]. Ona ocHOBaHa Ha MPEACTABICHUH MPOIECCa TTOBPESIKIACHHS
NOPUIHS B BUAC TPEX HE3ABHCHMBIX MEXAHU3MOB (YCTAIOCTH, BO3JACHCTBUS

OKPY KaOLIEH Cpeibl ¥ MOJI3YUYECTH ), KOTOPBIE AEHCTBYIOT OAHOBPEMEHHO:

1 1 1 1
Ntot = Nfat + Nox + N creep’

rae Nt — obuiee KOIMYECTBO LUMKIIOB 10 paspyiuenus; N4t NO¥ y Ncreep
— KOJIMYECTBO I[MKJIOB JI0 Pa3pylICHUs] U3-3a MEXAHUYECKOM yCTANIOCTH, OKHUC-
JICHUS ¥ MOJI3YYECTH COOTBETCTBEHHO.

TpynHOCTH WCHONB30BAHUS JAHHON MOJIENIM CBSI3aHBI C MPOBEACHUEM
OO0JBILIOTO YKCIa OMBITOB JJIsl OMPEIEJICHUS] KOHCTAHT MaTepuaa.

CoBpeMEHHBIE MCCACIOBAHUS JIOJTOBEYHOCTH MATEPUAIOB JJIsl TEIJIOHA-
OPSDKEHHBIX JIETajiel, paboTaloIMX B YCJIOBUSAX JIBYXYACTOTHOTO HArpy>KEHUS,
MOKa3bIBAIOT, YTO MPABOMEPHOCTh MPUMEHEHUS TUNOTE3bl JTMHEHHOTO CYyMMHU-
pOBaHus MOBPEKACHMIA (TUOTE3RI [lanemMrpeHa-Maiinepa) He MOATBEPHKAACTCS
[11]. BMecTo HEe craeayeT uCnoab30BaTh SKCICPUMEHTANIBHO MTOJTYUYCHHBIC KPH-
BBIE MAJIOLMKIIOBON YCTAJIOCTH.

Takum 00pa3oM, Ha OCHOBE MPOBEACHHOIO 0030pa ObuA CHOPMYJIMPOBA-

HbI CJICAYIOMINUC 3a1a4u:
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— pa3paboTaTh METOAMKY pacueTa HECTAMOHAPHBIX MOJEH TeMmeparyp u
AaedopManuii MOpUIHSA OT BBICOKO- MU HU3KOYACTOTHBIX HArpy30K Ha OCHO-
Be mporpammHoro komriekca (ITK) ANSYS;

— 000CHOBaTh BBIOOP MOJEIEH ITACTUYHOCTH U TOJI3YYECTH U ONPEIACIIATh
COOTBETCTBYHOIIME KO PUUHUEHTHI U1sl pad0UYEro auanazoHa TEMIEpaTyp
MOPIIHS;

— HCCIEN0OBaTh KWHETHKY YIPYTOBSI3KOIUIACTUYECKOrO Je(OPMUPOBAHUS
kpomku KC nopuns;

— OUEHUTHh AOJTNOBEYHOCTh MOPIIHS C YYETOM MajiO- WU MHOTOLMKIOBOM
TEPMOMEXAHNYECKON YCTAIIOCTH.

Mertoauka pacuera T/IHC nopumnsa. PazpabotaHHas METOIMKA Mpea-
N0JIaraeT pacyeT TEMJIOBOTO COCTOSIHMS TOPIIHS HA OCHOBE YPABHEHHs HECTA-
IUOHAPHOW TEMJIOMPOBOJHOCTH ISl MAKpOLMKIJIOB «Ilyck-OCTaHOB» W OAHOTO
pabouero nukia. Pacder paboyero nukia NpoU3BOAUTCS ¢ HAYAIBHBIMU YCIIO-
BUSIMHU, B KQUECTBE KOTOPBIX BBICTYMAET CTALIMOHAPHOE TEIIOBOE IMOJIE TIPH Pa-
00Te nBUTATENS HA PEKMME HOMUHAIBHON MOIIHOCTH. [10/TydYeHHbIE HECTALMO-
HApHBIE TEMIIEPATYPHBIE TOJISI MCHOJB3YIOTCS JJI pacyera HaNps>KEHHO-
Ae(OPMUPOBAHHOTO COCTOSIHHSI MTOPIIHSI.

Omnpenesienue KOAPPUUHEHTOB B MOACISAX IVIACTHYHOCTH U MOJI3yYe-
ctu. KpuBble nuKImyeckoro neGopMHpoOBaHMs TOPLIHEBBIX ATFOMHHHEBO-
KPEMHUCTBIX CIIJIABOB MOKA3bIBAKOT, YTO JJIsl JAHHOTO Marepualia XapakTEpHO
Kunemamuyecrxoe ynpoynerue (KY), mpu KOTOpOM MOBEPXHOCTb TEKYUYECTH, HE
U3MEHSSACh B pa3Mepax, CMEMIACTCS B HanmpaBjieHUM Harpy3ku [12]. HauGonee
TOYHO KPHUBYIO Ae(HOPMUPOBAHMS OMUCHIBAIOT MOJENU wHeauHetinoco KY. B
HacToAIEH padoTe Obl1a UCIONIB30BaHA MOJACTb, MpeanoxkenHas Chaboche J.L.
[13], cormacHO KOTOPOM CMEMIEHWE LEHTPA MOBEPXHOCTU IJIACTUYHOCTU A«

pacCUnThIBACTCA 110 CJ'IGI[YIOH_IGI\/II 3aBUCUMOCTH.

2
Aa=§C-A£pl—y-a-7L,
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[To panneiM 13 [15], B nnamazone temneparyp 250-300°C u HanpsbKeHUA
80—-140 MlIla B cranmapTHbeix oOpaznax u3 cmiara AK12M3,5MrH2, u3zrotos-
JIEHHBIX JINTHEM B KOKWJIb, HAOMIOJAETCSA AMCIOKAIIMOHHAS MOJIBYYECTh C N =
5,18 u Q = 244,9 xJ>x/Monb. 3aAaBIINCH &y, U T, TIO TpapuKaM BBIUMCTISETCS
3HAYEHUEC KOHCTAHTHI A.

O0bekT HccaeqoBaHusi. B kauecTBe 00bEKTa MCCIECNOBAHUS OB BbI-
OpaH MOPHICHb V-00PAa3HOTO S-IIMJIMHAPOBOTO AM3EIBHOrO aABurarens SIM3-
6586 ¢ HOMUHATBEHON MOITHOCTHIO 309 KBT. OCHOBHBIE TEXHUYECKUE XAPAKTE-
PUCTUKH JIBUTATENS MPUBEACHBI B TaOHIIE 1.

Tabmuua 1

[TapameTpel nBUrarens

Xon nopuHs, S, (MM) 140
Huametp unuHapa, D, (Mm) 130
HomunanbeHast MomHoOCTSh, N,, (KBT) 309
HoMuHanbHas 9acTOTa BpaLleHust, /2, (MUH 1) 1900
Y nenpHbIN 3((HEKTUBHBINA PACXOA TOILINBA, g, (T/KBT*4ac) 195

TBeproTenpbHas MOJCIb MOPIIHS ¢ HUPE3UCTOBOM BCTABKOHM MO/ MEPBOE
KOMITPECCUOHHOE KOJbI0 Obuia moctpoeHa B [1K SolidWorks. C nenbto yBenu-
YeHUSl KOHIEHTpalu HanpsbkeHuit kpoMka KC Obuta cienana octpoit, 0e3 pa-
ayca ckpyriieHus. [Ipogune OOKOBOW MOBEPXHOCTH MOPIIHS OB BBINOJHEH
00YKOOOPA3HBIM.

Pacuer rpanuuHbIX ycjaoBumii. PaGounii mpouecc nBuraresns, COOTBET-
CTBYIOIIMH PEKUMY HOMHHAIbHOW MOIIHOCTH, Obl1 paccuntad B 1K «/ln3ens-
PK».

JUTs OMy4YeHUsl JaHHBIX O TETUIOBOM COCTOSTHUM MOPIIHS HA PEXKAME HO-
MUHAJILHON MOIIHOCTH ObliIa Ucnosb3oBaHa nporpamma ICE, ¢ moMonipo KoTo-
poli ObLIM ompeaeseHbl rpaHnuHble yenosus (1Y) 3-ro pona ans NOBEPXHOCTH
KC 1 60k0BO#i MOBEPXHOCTH MOPLIHS.

JUts onpeneneHus BBICOKOYACTOTHBIX KOJEOaHWH TeMmIepaTrypsl Ha TMO-

BEPXHOCTH TMOPIIHS 32 OAMH pabOuyMid LMK UCMOB30BaANIaCch CIEIYOLIas METO-
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avka. Ha KonblieBbIE 30HbI OTHEBOTO JHUINA 33JaBATNCH OJMHAKOBBIC 3HAUCHUS
MTHOBEHHOH ocpenHeHHOoi mo o0bemy KC temmeparypsl ra3oB (u3 «Jlu3enb-
PK»), a 3HaueHus JIokanbHOro KO3 (PUUMEHTa TEMIOOTAAYN B 3aBUCUMOCTH OT
yrna nosopora kosieHyaroro Bana (YIIKB) paccuurteiBasuce no (opmyne w3

[16]:

2

ak . (r, @) = 819,5D702p 08T 08 {[a (%) + b (%) + c] Com,

0,8

VT
2 (p. — po)} ,

PaVa

+ G,

IIe ¥ — TEKYLUEee 3HaUCHUE paauyca, R u D — paauyc U auaMeTp UUIUHAPA
COOTBETCTBEHHO, €y, — CPEOHSASA CKOPOCTb MOPIUHS, Pr. U 1. — MIHOBEHHBIC
3HAYCHMS JABJICHUS U TEMIIEPATYPHI Ia3a B LWAJIMHIAPE COOTBETCTBEHHO, V, u V),
— MOJIHBIA ¥ pabounii 00BEMBI UUIMHIPA;, P, U T, — NABICHHUE U TEMIIEPATYPA
rasa B Hadajie CKarus, py — MICHOBEHHOE JaBJICHUE MPU MPOKPYYNUBAHUU JIBU-
rarens; ¢ — Tekyuiee 3Hadenne YIIKB.

B xauectBe ['Y g MEXaHUUYECKOrO0 HArPYyKEHUs KMCHOJIB30BAIUCH [1aB-
neHus B uuanHape (3 «Jlmzens-PK») u yckopenus nopuiss 1-ro u 2-ro nopsia-
K4, paCCUMTaHHbBIE TIO (popmyJie:

j = Rw?(cosa + Acos2a),
rae R — paadyc KpUBOIIMIA, W — YIJI0BAsA CKOPOCTh BPALEHUS KOJIEHYATOTO
Bana, a — 3HaueHue YIIKB; A — oTHomeHHEe paauyca KpUBOLIMNA K JJTUHE
IaTyHa.

Pesyabrarel pacuera. llocie pacdyera Tpex MakpouukioB «llyck—
OctanoB» s kpomku KC nopiiHs B MIOCKOCTH MOPIIHEBOTO Maibla Obljia Mmo-
JydeHa CTaOWJIM3UPOBAaHHAS NETIS YNPYTrOMIACTUYECKOTO0 TUCTEPE3Hca, MO-
CTPOEHHAs Ha pUC. 2 B KOOPAMHATAX OKPYKHBIX HANPSKEHUA U OKPYXKHBIX JE-
(dopmanmii, a Takke KOJICOaHUS TEMIEPATYP U HANPSLKCHUN B PE3yJbTATE BbI-

COKOYACTOTHBIX TEPMOMEXAHUYECKUX HArpy30K (puc. 3, 4).
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Pacyer nmoaroseynoctu mopmHsa. OLEHKA MaJIOLMKIOBOM YCTaIOCTH
aetaneil 0ObIYHO MPOM3BOAMTCS MO COOTHOLIEHUSIM, KOTOPBIE B OOIIEM BHJIE
NOPEACTABIAIOT OO0 3aBUCUMOCTh MEXKITY HEKON KpuTepuanbHON QyHkumeh P
M YMCJIOM [UKJIOB 110 paspymeHust Ny [17]:

max|[d(g,0,..)] = aNfb,
I7I€ @ U b — KOHCTaHThI Marepuaja.

Krnaccuyeckum npruMepoM Takoi 3aBUCHMOCTH SIBISIETCS Ae(hOpMalMOH-

Hbll kpuTepuid MaHcona-Kod¢duna [2]:

As af( )[ZN
Y I

]b(T)
2 E(T)

+&,(T)[2N,]°"

)

riae As — pa3max NonHo# aedopmanum; o', €', b U ¢ — MOCTOSIHHBIE MATEPH-
ana, E — moaynb ynpyrocru.
Taxke XOpOIIYIO COMIACOBAHHOCTh C SKCIEPUMEHTAMU UMEET SHEPIeTH-

YECKUW Kputepui [2]:
aw, = w'(2n;)"

rae AW, = (0: &) dt — »Heprus maacTu4eckoro aeGopMHPOBAHHS, pacce-

fumcn
uBaemas 3a LUK, W'y u f — NOCTOSHHEIE MaTepuana.

C ucnonbs3oBaHueM KoHCTaHT Juis criaea AK12MMrH [2] 6si1o paccuu-
TaHO YHUCJIO LUKIIOB 0 pa3pyLICHUs KPOMKH, OHO COCTABHUIIO Nfﬂ = 31000 u
Nf3 = 288000 umkIi0B no Ae(POPMALMOHHOMY U 3HEPIETUUECKOMY KPUTEPHUSIM
COOTBETCTBEHHO. Takas OoJyibluasi pa3HULA B PE3yJIbTATaX CBA3aHa C TEM, YTO
SHEPreTUYECKU KPUTEPUH YUATHIBAET HE TOJBKO Ac(POpMALAN, HO U HAMPsKeE-
HUS LMKIIA.

VY4eT MHOTOLMKIOBOH YCTaTOCTH MOKET OBITh MPOM3BEACH MO 3KCIEPU-
MEHTAJIBHO TOJIYYEHHBIM 3aBUCUMOCTSIM KOJWUYECTBA MAKPOLMKIIOB TEPMOME-
XaHUYECKOTO HArpy>KeHHs (C aMIUIMTYAOH HU3KOYaCTOTHOW aedopmanmu
0,275% wn makcumanbHOU Temneparype nukna 300°C) oT aMuMTy Al BEICOKO-

4acTOTHOH MexaHuueckoi aedopmanmu [11]. Tak kak aMmauTyaa U3MEHEHUS
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nedopmaimii B TeueHue padbouero mukia apurarens cocrapisier 0,07%, nonaro-
BEYHOCTb KPOMKHM ymMeHbIuTCs Ha 80% mo N 'fﬂ = 6200u N ’f3 = 57600 1uk-
JIOB.

BeiBoabl. [10 BBIMOIHEHHOH paboTe MOKHO CAENATh CIAECAYIOLINE BBIBO-
TbL:

— pazpabotana meroauka pacueta THJIC mopumHst mjisi 1ByX4YacTOTHOTO
Harpy KeHUS;

— ompenaeneHbl Ko3(QOUIMEHTHI B MOJENSIX MIACTUYHOCTH U TOJI3YUYECTH;

— paccuMTaHbl KoJieOaHusl TEMIEPATYP U HAMPSKEHUNH B TE€UYCHUE MAKPO- U
MUKPOILMKIIOB HATPYKCHUS;

— YCTaHOBJIEHO, YTO M3-3a HAJIOKEHMsI BBICOKOYACTOTHBIX HATPY30K HA IUK-
Jbl HU3KOM 4YacTOTHI CJEIYeT OXKUJaTh YMEHBUICHHE JO0JTOBEYHOCTHU
KpoMku Oe3 paauryca ckpyriieHus Ha 80%.
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YK 621.43

MeToauka pacyeTa ra3oBoro cTbika (popcMpoBaHHBIX
CpeaAHe000POTHBIX AU3eeil

H.JI. YaiinoB, A.H. KpacHoxkyrckuii, A.B. Kanmykos
MI'TY um. H.D baymana

B nacmosmee epems pacuem eepmemudnocmu 2azogo2o cmuika J[BC
CBOOUMCS NO CYWecmey K pdcyemy CUI0BblX WNUIEK, CKPensiouux Oemau,
obpasyiowue 2azoevili CMbIK, YMO AGIAEeMCs JuUlb NepEuiM ULA2OM OYEHKU e20
pabomocnocobnocmu. Taxas memoouxa paciema me modicem Ovlmb UCNONL308ANHA
npu oyenxe eepmMemuyHOCIU 24306020 CMbIKA NOpuiHesvix osucamerei. I agHvim
HEOOCMAMKOM MAKO20 NO0X00A SABJISemCs HeBO3MOICHOCIb Yyiemda 0CoOOeHHOCmU
KOHCIMPYKYUti Oemadneti, 00pasylouyux 2a306biti CMulK U UX Meni108020 COCMOHUS

HA PA3TIUYHBLX PESHCUMAX PAOOMbI O8ULAMEJI.

B pabome npeocmasiena Memoouka OYeHKU eepmMemuyHOCmU 2a306020
CMbIKd, OCHOBUHMHAS HA KOMWJIEKCe pacdemos No ONnpeoesieHulo Napamempos
MeNI068020 U HANPAICEHHO-0eDOPMUPOBANHO20 COCMOSAHUS Oemailell O8ueamesl,
oopazylowyux — e2o  2d308vlil  CMbIK, HNpU  NPUHAMOLN  GeuduHe  YCUnui
NpeosapumenbHoOU 3aMAdNCKU CUL0BbLX WnuieK. [Ipunumas 60 GHUMAHUE CLOJICHYIO
2eOMempuI0 KPLlUKY U 6MYIKU YUWIUHOPOE C HAIUYUEM NOJOCMEN OXIAICOEHUs,
ananuz Mmeniogoco U HANPSHCEHHO-0eDOPMUPOBAHHO20 COCMOSHUS  CUCTEMbL
2JEMEHMOB, 00pA3YIOWUX Y3el 2d308020 CHbIKA, NPOBOOUMCS C HNOMOWbBIO
00BeMHBIX KOHEeYHO-2/leMeHmHblx Mooeeil. [Ipusedennas memoouxa no3gojsem
OYeHUmMb KAx YpoGeHb HANpsAXCcenuil 6 0d306blX Oemaisix, opMupyiowux ysei
243068020 CMbIKA, MAK U JOKAIbHOE pacnpeoeiieHue Od6GleHus Nno niowaou
VILOMHAIOWET NPOKAAOKU, 4MO NO360JAEm PAYUOHANbHO HAZHAYUMb  YCUIUS
3AMANICKU, HE  NpeoCmAssawue ONaCHOCMb Ol NPOYHOCMU  Oemaiet,
Gopmupyrowux eazoeelii cmuik. B yacmHocmu, Kpuluiek YwiuHOpo8 U CAMUX

ULNUJICK.
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At present, the calculation of the tightness of the gas joint of the ice is
essentially reduced to the calculation of the power pins, fastening the parts that
form the gas joint, which is only the first step in assessing its performance. This
method of calculation can not be used to assess the tightness of the gas joint of of
piston engines. The main disadvantage of this approach is the inability to take into
account the design features of the parts forming the gas joint and their thermal

state in different modes of operation of the engine.

The paper presents a method for assessing the tightness of the gas joint,
based on a set of calculations to determine the parameters of the thermal and
stress-strain state of the engine parts forming its gas joint, with the accepted value
of the pre-tightening force of the power pins. Taking into account the complex
geometry of the cylinder cover and bushing with the presence of cooling cavities,
the analysis of the thermal and stress-strain state of the system of elements forming
the gas joint unit is carried out using three-dimensional finite element models. The
given technique allows to estimate both the level of stresses in the basic parts
forming the gas joint unit and the local pressure distribution over the area of the
sealing gasket, which makes it possible to rationally assign tightening forces that
do not pose a danger to the strength of the parts forming the gas joint. In

particular, the cylinder covers and the studs themselves.

Kurouesvie cnosa: cpeoneobopommblii Ouzelv, 24308blii CMbIK, MEeNni108oe U
HANPAICEHHO-0ePOPMUPOBAHHOE  COCMOsANHUE, MEeMOoO KOHEeYHbIX JIeMEeHMmO8,

VCUIUSL 3AMSICKU, OAGLeHUE 8 NPOKILAOKE

Key words: medium speed diesel, gas junction, thermal and stress-strain

state, finite element method, torque, pressure in the gasket.

BBEJAEHHUE
B COBpeMEHHBIX YCIIOBHAX COXPAHAETCS TEHACHOMS K IOBBIIICHUIO

arperaTHeIX MOLTHOCTEN CPeAHEOOOPOTHBIX AW3ENEH MyTeM UX (POPCHPOBAHMS MO

cpenHeMy 3((EKTUBHOMY JTaBJIEHUIO.
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[locTossHHOE TOBBILICHWE NApPaMETPOB pabodero mpomecca, BKIOYAs
MAaKCHMaJIbHOE JABJICHUE Ta30B B LWAJMHAPE p, TPEABABISAET 0coObIe TPEOOBAaHUS K
TEPMETUYHOCTH Ta30BOT0 CThIKA W MPOYHOCTH JETalich, 0Opa3yrolmmx Ta3oBbId
CTBIK JBMraresis (KpbIlIKa W BTYJIKA HWIMHIPA, MPOKIAAKA, ONOK HWIMHAPOB), a
TaK)KE JETANCH KPETUICHUS U, TPEXKAE BCETO, YCUITUIO 3ATSHKKM CUIIOBBIX IIITHAJIEK.

CyluecTByromye METOAMKM pacuera ra3oBOr0  CTbIKA  UCIOJB3YIOT
3aBUCUMOCTH, IPUHATHIE B JETAJISX MAIIMH IS pacueTa (pIaHLEBbIX COCTMHEHMIA,
BKJIKOYAs BEJIMYMHY YCWJIMSA 3aTsSHDKKM  CUJIOBBIX INNWJIEK, IPH  3TOM  HE
YUUTBIBAIOTCS OCOOCHHOCTH KOHCTPYKIIMM YKA3aHHBIX NCTAICH, MX TEIJIOBOE U
HANPSHKEHHO-E(POPMUPOBAHHOE COCTOSTHUE NPH padOTE JBUTATENS HA PA3IMYHBIX
pexumax [1,2,3]. Takoi ynpomIEHHBIM MOAXOA MOXET NPUMEHSATHCS JIMIIb B
KAQ4eCTBE MEPBOIO IIara Mpy pacyeTe ra30BOro CThIKa (MPEABAPUTENBLHOTO BEIOOpA
ycuimi - 3aTsokku).  Pacuer  repmermuHoctM  rasoBoro  creika  COJl  mpum
LIMKIIMYECKAX HArPYXKEHUAX COCAUHEHUS [JOJDKEH MPOBOJUTHCA C  YUETOM
TEIUIOBOTO M HAMPSHKEHHO-AC(POPMUPOBAHHOTO COCTOSHUSL SJIEMEHTOB y371a, B
YaCTHOCTU JIOKQJIBHOTO XapakTepa PACIPECICHHUS NABICHUS MO MOBEPXHOCTH
CTBIKA ITPH 3aTSDKKE U €r0 U3MEHEHUS IPU Pa0OTE JBUTATEIS.

B cBsa3u ¢ atuM TpeOyeTcs pa3paboTka METOAA OLCHKH T€PMETHYHOCTH
ra3oBOr0 CThIKA (POPCUPOBAHHBIX CPEAHECOOOPOTHBIX ABUTATENEH, BKITFOUAIOLIETO
ONPEICIICHUE MMapaMeTpPOB  TEIUIOBOTO M HANPsDKEHHO-AC(POPMUPOBAHHOIO
cocrostaust (TH/C) neraneid apurarens, oOpa3yrolIMX Ta30BbIA CTHIK, MPU
NPUHATON BEJIMYMHE YCWUIMI MPEABAPUTENIBHON 3aTSHKKU CUJIOBBIX IINMWIIEK. JTO
CBA3aHO C OMACHOCTBIO YPE3MEPHO BBICOKMX YCHWIIMNA 3aTSDKKH, NMPUBOIALIMX K
HEAOMYCTUMBIM BEJIMYMHAM MOHTKHBIX HANPSOKEHWH B KPBIIIKE M BTYJIKE
LMJIMHIPA.

MOJIEJTUPOBAHME TH/IC AETAJIEN, OBPA3YIONINX I'A30BbII CTHIK

YuuThIBasE CIOKHYK) TE€OMETPHIO KPBIIMIKM W BTYJKH LHJIUHAPOB, AHAJIN3
THJIC cuctembl 3J€MEHTOB, 00Pa3yIOIUX Ta30BbIA CTHIK, CAEAYET MPOBOAMTH C
NOMOUIBK OOBEMHBIX (3-X MEPHBIX) KOHEUHO-3JIEMEHTHBIX MOJENCH. J{s oueHkn

TCILTIOBOIO M HaHpH)KeHHO-I[eq)OpMI/IpOBaHHOFO COCTOAHHKA Yy3Jla I'a30BOI0 CThbIKa
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Pimin Ha IIOBCPXHOCTH IIPOKIIAJAKH IIPCBOCXOAUT BCIIMYNHY A p CHHOKCHHUA JaBJICHUSA

HpI/I HpI/IHO)KeHI/II/I JABJICHUA I'a3a B HI/IHI/IHI[pe Pz B ((k)) pa3:
7P imin
k AP (1)
rac AP:P]min *PZmin

[IpuMeHUTENLHO K  CPEIHEOOOPOTHBIM  TEIUIOBO3HBIM M CYJOBBIM
JIM3ETIbHBIM JIBUTATENSIM peKOMeHayeTcs k=1,5-2,5. Uem Oonbliie k, TEM BBILIEC
VIUIOTHEHUE CThIKA TPYU TAHHOM 3HAYEHUH p,.

B Hauane pacuera cieayeT OpUEHTHPOBOYHO OLEHUTh MCXOJHOE 3HAYCHHE
YCUIIMS  OPEABApPUTENBbHOM  3aTsKkM  wmmuiaek Pp,.  Ilpp  oTOM  MOXHO
BOCIOJIb30BaTbCS  M3BECTHOW (HOPMYJIOH OLEHKH YCHIWH NPEABAPUTEIBHON

3aTsHKKU (PIIaHIEBbIX coenquHenui [1]:

Pnp:mﬁDcnbO Pz (2)
rac m — TPOKIAJ0YHBIA  KO3(DPUUMEHT (SMIUPHUYECKAs BETMYHHA,
ONPEACTSAETCS W3 OmbITa), by — >(PQPexkTUBHAS WMPUHA NPOKIAAKH, D,

pacyETHBIA IMAMETP MPOKIAIKH.

PaumonasibHas BeTMUMHA YCWIHS MPEABAPUTEIBHON 3aTSDKKU BBIOMPACTCS
U3 YCIOBHS 00ECIEUEHUS] TEPMETUYHOCTH CThIKA M HEMPEBBILICHHS JOMYCTHMOMN
BEJIMYMHBI HANPSDKEHUH, BKIIFOYAs MOHTAKHBIE, B ACTAJIAX, 0OPa3yIOIUX Ta30BbId
cThIK. [IpuMennTentHO K au3ento UH26,5/31 ncxoaqHoe 3HAUEHUE YCUITHS 3aTSHKKA
B cOOTBETCTBMH € (popmynoi (2) cocrasuno F,,—520xH (52tc). Ilpuanmaem
ucxoanoe ycunue 3atsbkku 600 kH (60Tc).

[Ipy BBINOJHEHHWHM pacyeTa COTJIACOBAHHBIX TPAHMYHBIX  YCJIOBHMA
TEIOOOMEHA KPBIIKY AJIMHAPA C KJIalaHAMHU A BTYJIKA MCIOJB30BAH KOMILUIEKC
nporpamm «ICE», co3nannbiii Ha kadenpe [lopmHeBbix apurarencidi MI'TY um.
H.O. baymana [2]. Ha puc.2 npeacTraBieHo pacupeneacHue TEMIIEPATYP B KPBILIKE
LWIAHAPA U BTYyJIKE nBuratens tuna YH26,5/31 Ha HOMMHATBHOM peKUMeE pabOThI

(p. =25,8 Bap, n=100000/MuH).
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AJIEMEHTOB, 00PA3yIOIIMX IA30BbIi CTHIK, TAHHBIMU HATYPHBIX HKCIEPUMEHTOB Ha
paboTaroleM ABUTraTeNe.

Takum 00pa3oM, MOKHO CHENIaTh 3aKIFOYEHUE, YTO pa3padOTaHblii METOL,
OCHOBAHHBI HA OMPENCIICHUM MapaMeTPOB TEIJIOBOTO W HAMPSKEHHO-
ne(hOPMHUPOBAHHOTO COCTOSIHUS JETAJICH JIBHUrarens, 0Opa3yrolMX €ro ra3oBbiid
CTBIK, MPU TPUHSATON BEIMYMHE YCWIMNA MPEABAPUTEIHLHON 3aTSDKKA CUJIOBBIX
HIMUJICK MOXKET NPUMEHATHCS Ui OLICHKM TePMETHMYHOCTH Ta30BOrO CThIKA

(OpCUPOBAHHBIX CPEAHEOOOPOTHBIX AU3EICH HA PA3IMYHBIX PEKMUMAaxX paOdOTHI.

SAKVIIOYEHUE

[lpennaracTcs METOAMKA OLEHKM TE€PMETUYHOCTH Ta30BOr0  CThIKA
CPeaHEOOOPOTHBIX ABUTATENEH, OCHOBAHHAS HA OLEHKE MAapaMETPOB TEIJIOBOTO U
HANPSHKEHHO-IE(DOPMUPOBAHHOTO  COCTOSIHUSL  ICTANICH, OOPa3yroluX Ta30BbIA
CTBIK, C MPUMEHEHHEM HUX OOBEMHBIX KOHEUHO-3JIEMEHTHBIX MOJENEH. MeToanka
[TO3BOJIAET HA3HAYWUTH PALMOHAIBHYIO BEIWYMHY YCHIUS 3aTHKKH  CHIIOBBIX
HIMAJIEK, 00ECIEUYNBAIOIILY 0 TEPMETUYHOCTh TA30BOTO CTHIKA.

B Hacrodmei crarbe MpOBEAECH pacyeT IePMETHYHOCTH Ta30BOr0 CTHIKA
cpenneobopotHoro apurarens thna YH26,5/31 B COOTBETCTBHM C H3JIOKEHHOM
METOAUKON, BKIFOYAKOLIENH MATEMATHYECKOE MOJETMPOBAHAE METOJIOM KOHEYHBIX
3JIEMEHTOB TEIUIOBOTO M HANPsLKEHHO-AC(POPMUPOBAHHOIO COCTOSHUSL ACTANEH,
00pa3yoIIMX Ta30BbIH CTHIK CPEAHEOOOPOTHOTO AM3EIIS, U PACUET PaCHPEaCICHHS
J@ABJICHUA 10 IUIOIAAN YIUIOTHSAIOIIEW MPOKIAAKH MEXKAY KPBIMIKOW W BTYJIKOU
LAJTMHAPA TPU PA3TUYHBIX VCUITUAX 3aTSHDKKA CUIIOBBIX IIITHJIEK.

JUIs TOBBIIEHUS TEPMETUYHOCTH Ta30BOr0 CTBIKA pPaccMarpuBacMoro
JU3EIIS, MPEUIOKEHa MOAUPUIMPOBAHHAS MPOKIIAKA ¢ KOJIBLEBOH MPOTOYKOH IO

BHEIIHEMY AuaMeTpy. [Tokazana 3(p)eKTUBHOCTH €€ MCIOb30BaHUS.
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HEJAI'OI'HYECKHE YCJI0OBUSI @OPMUPOBAHUS
NHINBUAYAJIBHBIX OBPA3OBATEJIBHBIX TPAEKTOPUU
ACIIMPAHTOB TEXHUYECKOI'O BY3A

A.C. KiniamoBa
Camapcruii 20cyOapcmeeHHblll YHUepcumem nymeti coobuenus
PEDAGOGICAL CONDITIONS OF INDIVIDUAL EDUCATIONAL PATH
DESIGNING BY POST GRADUATORS IN A TECHNICAL UNIVERSITY

A.S. Klimova

Samara State Transport University

B crarbe paccmarpuBaroTcs (PaKTOPBI U YCIOBUSL YCIEIIHOTO MPOEKTUPOBAHUS
WHIVNBUAYAIBHBIX  00pA30BaTENIbHBIX  TPACKTOPWA Ui OOy4arommxcs 1O
nporpaMMaM  BBICIIETO 00pa3oBaHWs — NOporpamMmaMm MOATOTOBKM  HAy4YHO-
NEJArOTMYECKMX KAapOB B AaCNHPAHTYPE B TEXHMYECKOM BBICHIEM Y4E€OHOM
3aBEICHUM, A TakkKe [JaHO e€ro onpeacncHue. DakTOpsl MPOECKTUPOBAHMS
ONMPEACIISIOTCA C OJHONW CTOPOHBI FOCYAAPCTBEHHBIM 3aKa30M, TPO(HECCHOHATTEHBIMA
U (penepaibHBIMU TOCYTaPCTBEHHBIMU 00pa30BaTEIbHBIMU CTaHAAPTaMU, a C APYToi
JOCTHKCHHUSMH HAYYHO-TEXHHUYECKOTO nporpecca, HAy4HOM LIKOJIBI,
(YHKIIMOHUPYIOLIEH B By3€, pa3pad0OTKaMH HAyYHOTO PYKOBOJMUTENSE U MHTEPECAMH,
00pa3oBaTeNbHEIMU 3aIIpOcaMu caMHux oOydarommxcs. [lemarormdeckue ycimosus,
OMKCAHHBIE B CTaThe, OA3UPYIOTCSd HA NPUHLMNAX AOCTYMHOCTH W THUOKOCTH
OCHOBHBIX 00pa30BaTEIbHBIX MMPOrpaMM aCHUPAHTYpPbl. [IpUBOIATCS OCHOBHBIC
npoOJIEMBI, C KOTOPBIMH CTAJKWBAKOTCS aCMHMPAHTBI B MPOLECCE MPOCKTHPOBAHMSL.
OcBemArTCs Pe3ysIbTaThl, MOJYYCHHBIE NP AHKETUPOBAHWM OOYYaAKOIIMXCS, B
KOTOPBIX  MPOCIICKUBAKOTCA LEJIW  TOCTYIUICHUS, MOTUBUPYIOIIUE  (PAKTOPHI
MPOXOXKACHUS MOArOTOBKH, MHPOPMUPOBAHHOCTH 00 3JIEMEHTAX YUEOHON W HAYYHOM
HArpy3kd B Mmepuoj OOy4YEHUs B aCMUPAHTYPE, 3aMHTEPECOBAHHOCTh ACIIMPAHTOB B

TOW WJIA UHOU OAUCLUNIJIAHE.
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npouecca. MMEHHO mNO3TOMY HA CErOJHSAIIHWNA JE€Hb AKTYAJIbHBIM CTAHOBATCS
BONPOCHl MPOCKTHPOBAHHWsS M BHEIPEHHS B TMPOLECC NOATOTOBKA HAY4YHO-
NEJarorn4eckux KaJapoB MHIMBH Yy AIbHBIX 00pa3zoBareabHbiX TpackTopuid (MOT).
[Ton mpoexktupoBannem HMOT oOyvarommxcs mo mporpaMmaM MOATOTOBKH
HAy4YHO-NIEJArOrMYECKMX KaJpOB B AaCHUPAHTYPE MBI ITOHUMAEM COBMECTHYIO
NEATENBPHOCT HAYYHOTO PYKOBOAMTEINS M ACIUPAHTA, B KOTOPOW IUIAHUPYETCS H
BBICTpanMBACTCs Oy NylInid y4eOHbIH U HAYYHO-HCCIEA0BATENBCKUM MPOLECC, a TAKKE
OMPEACIACTCS PE3yAbTaT NPOPECCUOHATBHO-TMYHOCTHOTO PA3BUTHSL NPH PEUICHUU

MOCTABJICHHBIX 33714 B PAMKaX OCHOBHO# 00pa3oBareabHOM nporpammel [1, ¢. 33].

GOAKTOPBL, BJIMAIOIIUE HA BBICTPAUBAHUE NOT

C onpno#i ctoponsl, MOT mpoeKTHPYIOTCA € YYETOM TEX TOCYNAPCTBEHHBIX
TpeOOBaHMi, KOTOPBIE ONMPEACISAIOTCS UIsl KQKIOTO YPOBHS MOATOTOBKM B By3€ [2].
Hmeercst ToCy1apCTBEHHBIN 3aKa3 HA MOATOTOBKY KaJIPOB M YETKHE TPEOOBAHMS KaK
K KOMIETCHUUSM JACHCTBYIOLIMX CICHUAIMCTOB, TAK M BBIMYCKHUKOB YYEOHBIX
3aBeacHAA. OHU OTPAKEHBI B MPO(PECCHOHAIBHBIX U 00Pa30BaTENbHBIX CTAHAAPTAX.
OOyyvarommiicsi, MOTHOCTBIO OCBOMBIINNA O00PAa30BATEIBHYIO MPOrPaMMy M YCIIECIITHO
OPOUIEAINNI TOCYJAPCTBEHHYK) HMTOTOBYIO aTTECTALMIO, JOJHKEH COOTBETCTBOBATH
TpeOOBaHMSAM 3THM  JBYM cTaHgapram. DeaepalibHble  TOCYJAPCTBEHHBIE
oOpazoBarenbHbie cTaHAapTel (OI'OC BO) acnupaHTypsl pa3pabOTaHbl ¢ YYETOM
npodeccnoHanbHbiX  cTaHaaptoB  «llemaror mpodeccroHaibHOTO — O0yUYEHMS,
npo(PeCCHOHATBHOTO W JIOTMOJIHUTENBHOTO NPO(ECCHOHATEHOTO 00pa3oBaHus» H
«Hayunblii paOOTHUK (Hay4yHas (HAYy4YHO-MCCIICAOBATENbCKAsA) ACATENBHOCTD ))» [3,4].
OI'OC BO ycranaBamBaeT o0meo0pa3oBareabHble U YHUBEPCATBHBIE KOMIIETEHIUMY,
CJIy>Kall€ OCHOBOH MPH COCTABJIEHWM Y4Y€OHOTO IUIAHA ACMMPAHTYPbI, KOTOPBINA
JOJDKEH BKJIHOYATh Oa30BbIE AMCLMIIIMHBL W BAPUATHUBHYK) YacThb MOATOTOBKH
aCUpaHTOB, a TAaKXKE YUYUTHIBATh 00s3aTeibHbIE TpeOOBaHUsS K mpodeccopcko-
NPEMOIaBATENILCKOMY COCTABY.

[TpoBOaMMBIE ACIMPAHTOM HAyYHBIE W3bICKAHUS OOBIYHO OMNMPAKOTCS HA

pa3pabOTKU HEMOCPEACTBEHHOIO PYKOBOJMTENS, & TAK)KE HA 3HAHUS, MOJTYYEHHBIC
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OpoLecca, MPEANoJiararomas ydeT TEMIIOB OCBOEHMS W NyTed MpuoOpeTeHHs
npO(PECCHOHATBHBIX ~ KOMOETCHIMA KaKIpIM  oOydaromumcs;, (GopMHUpOBaHHE
TFOTOBHOCTM AaCIMHPAHTOB K MPOCKTHPOBAHMID COOCTBEHHBIX 00pPa30BaTEIIbHBIX
TPACKTOPHUH.

HOT peanmuzyeTcs MO CAEAYOMUM HANPABIEHUSAM: 1) cOaepKaTeIbHOMY, TO €CTh
NOCPEACTBOM TMOCTPOCHMSI MHAWBHIYATBHOM MporpaMMbl 0Oy4YEeHHs] W TPOBEACHHS
HAYYHOTO HWCCIECNOBAHUS, 2) NEATEIBHOCTHOMY, TO €CTh YEpPe3 OMPEACICHHYIO
NOCJIEAOBATENBHOCTD CAMOCTOSTEIBLHOW HAYYHO-00pa30BaTENbHON AEATENBHOCTH, 3)
KOMMYHUKATUBHOMY, BKJIFOUAKOIIEMY BCE BHIBl B3aUMOACHCTBUS C HAYYHBIM
PYKOBOJMTENIEM U COTPYIHUKAMU OTJENA ACTIMPAHTYPBIL.

B mepyto ouepenp, MOT mnpoekTupyercss € Y4YETOM HAIPAaBICHHOCTH
OCHOBHOI npodeccroHanbHas oOpazoBarenbHoi mporpamMmsl (OI1OIT) acnupanTypsl
¥ YPOBHS MOATOTOBKHM acnupaHTa (Creuuanurer, marucrparypa). [Ipuaumas Bo
BHUMAHUE HAYYHO-TEXHUYECKHUI MPOTrpecc U SKOHOMUYECKYK) CUTYALMIO B CTPaHe,
oOpazoBaresibHas mporpaMmma A0KHA €KEr0HO OOHOBJISATHCS.

O¢dextuBHpiM  ycnoBueM BeicTpamBanus HMOT B mpouecce HaydHO-
NEAArOrMYECKOM MOATOTOBKA ACMHMPAHTOB MOXKET OBITh BapUATUBHOCTh, WA
YBEJIIMYEHUE B yYECOHOM IMIJIAHE SJIEKTUBHOM M (DaKyJIbTaTUBHOM COCTaBISIOLICH
OIIOIL

HeobxonumbiM ycrioBueM st yenewmHoro npoektupoBanuss UOT saBasietcs
JOCTYIMHOCTh, WH(POPMALIMOHHAS OTKPBITOCTh YUEOHO-METOUUYECKON JOKYMEHTALUH
u o0ecreyeHe KOHCYJIbTATHBHONH TMOAACPKKM OOYYAKOIIMXCS CO  CTOPOHBI
COTPYJAHUKOB BBICIIETO YYEOHOTO 3aBEICHUSI.

HemanoBaskHbIM YCIIOBUEM JIJisi BHEAPECHUS B 00Pa30BaTENbHBIA MTPOLIECC By3a
HOT saBmseTrcs ypoOBEHb MOTHMBAlMM W TOTOBHOCTM  OOy4aromMxcs K
NPOCKTHPOBAHHUIO COOCTBEHHBIX 00PA30BATENBHBIX TPACKTOPUH.

Henocrarounas TrOTOBHOCTb aCHUPAHTOB K MPOeKTUpoBaHut0 MOT moxer
OBITH BBI3BAaHA M APYTUMHU NpUUYrHAMU. OJHOW M3 HUX SBISETCS HEOOXOOUMOCTH

aCIMPaHTOB, Jake OOYYAIOIIMXCS C OTPHIBOM OT MPOM3BOJCTBA, padOTaTh, 4TO
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HEN30EKHO CHUYKACT MOTUBALIMIO K YIIYUIICHUIO KQ4eCTBA CBOEro 00pa3oBaHus [5, C.
35].

JUis ~ Toro  4roOBl  BBIACHWUTH, HACKOJIBKO  aCOUPAHTBl TOTOBBI K
npoektupoBanuio MOT, HamMu OBLIO MPOBEACHO MCCIICI0BAHUE. B aHKETUPOBAHUM
NPUHSAIM yYacTHEe acnupaHTel CamMapCcKoro HaMOHAIBHOIO HCCIEA0BATENbCKOTO
yHuBepcuteta uM. akaaemuka C.II. KoposmeBa m CaMapckoro rocyaapCTBEHHOIO
YHUBEPCUTETA MyTei cooOmeHns — Beero 203 yenoBeka, U3 HUX 55,6% - My>KUMHBI,
444% - >xeHUMHBL. bBONBIIMHCTBO acnupaHToB (55,5%) HMEET HMHKEHEPHO-
TEXHUYECKOE W TEXHOJOTMYECKOe MNpodeccuoHalbHOe oOpa3zoBanue, 22.2% -
oOpaszoBanue B oOnactu uHpopmatuku, 14,8% - B (PUHAHCOBO-dKOHOMHUYECKON W
yhnpaBieH4YecKoi cdepax, 7,5% - ectecTBEeHHOHay4yHOe oOpazoBanue. [1o Bo3pacty
MO>KHO BBIIEIIUTD CIECAYIOIUE KaTteropuu: 54,7% - 310 acimpanTsl OT 22 10 25 Jer,
36,8% - ot 26 no 30 net, 7,4% - crapwe 30 ner, 1,1% - crapuie 40 net. YUyTh O0mbIIe
NOJIOBUHBI OMPOIIEHHBIX (51,8%) MMEIOT OnbIT pabOTHl HA TPOU3BOACTBE, OCTAJILHBIC
(48,2%) Takoro omeiTa He MMEROT. llegarormueckuii ctax ectb Bcero y 37,1%
acrMpaHToB, 62,9% - MEJaroruuecKoro CTaka He UMEKOT. KOJIMUEeCTBEHHBIE NTAHHBIC

10 BBIOOPKE UCTIBITYEMBIX MPUBEACHBI B TAOMIIE 1.

Tabmuna 1. KonmnuecTBeHHAs! XapaKTEPUCTUKA BEIOOPKH HCIIBITYEMBIX

XapakTepucTuka BEIOOPKU KonnuecrBeHHOE
3HaueHue (%)
Hanpasnenus 6az06020 npogheccuonaibno2o oopazo8aHus
WHKEHEPHO-TEXHUYECKOE M TEXHOJIOTHIECKOE 55,5
WH(HOPMALMOHHOE 222
(hMHAHCOBO-3KOHOMUYECKOE, YIIPABJIEHYECKOE 14,8
€CTECTBEHHOHAYYHOE 7,5
[leoaeoeuqeckuii cmaoic
Ectb 37.1
Her 62.9
Onwvim pabomel Ha npouzgoocmese
Ectb 51,8
Her 48,2
Llon
JKCHCKUI 44 4
MY KCKOM 55,6
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Bospacm
22-25 54,7
26-30 36,8
>30 7,4
>40 1,1

Ha ocHoBe aHkeTmpoBaHWs ObUIM BBISIBJICHBI LENH TOCTYIUICHUS B
acnupanTtypy. OcHOBHOW uenpt0 g 49% ONPOMIEHHBIX CTal0 CTPEMIICHHE
3aHUMAaThCA HayKou, st 45% - kapbepHble cooOpakeHus u it 14% - skenaHue
3aHUMATHCS MEAArOTUYECKON NEATENBHOCTHIO, pad0TaTh CO CTYICHTAMMU.

Ha Bonpoc: «Yto BaM OoblIe BCEro HpaBUTCS B mporecce 00yueHus?», 20%
aCNMPAHTOB BBIOPAJIM OTBET «BO3MOXHOCTh TOCTOSHHOTO MPO(ecCHOHAIBHO-
JIUYHOCTHOTO CaMopa3BuThUs», 19% - «IpOBENCHWE WCCIACAOBAHUA B pamMKax
MOATOTOBKM JuccepTanumy. Jlamee CcneaoBaaum TakUue OTBETHI. OCBOCHHUE HOBBIX
oOpazoBarenbHbIX nporpamMm (13%), oBnaacHUE NEAATOTMYECKUMHU KOMIETEHIIUSIMHU
(7%).

Jns  ¢dopmupoBanus acnupantamMu  cBoux HMOT  BakHbIM  SBISETCS
JOCTYHOCTh M OTKPBHITOCTh MH(pOpMAIMK, Kacaromehcs o0pa3oBaTebHON U
HAYYHOM COCTaBJISIFOIIEH YUeOHOT0 NJIaHa U OCHOBHOM 00pa30BaTeIbHON TPOrpaMMbl
B 1enoM. Bes HeoOxoaumass wHpopmaims nyOaukyeTcs Ha O(UIMAIBLHOM CaifTe
OpraHM3allii U B 3JICKTPOHHON WH(OpMaMOHHOW 00pa3oBaTelibHOl cpeae. B xone
Onpoca BBISICHWIOCH, 4TO 62% acnupaHTOB 3HAKOMBI C [IpaBunaMu U MONOKEHUSIMHU
B BY3€, Pa3MEIICHHBIMA Ha OQUIMAIbHOM caiiTe opraHuzanuu, 96% 3HAKOMBI C
y4eOHbIM miaHoM, 40 % ¢ KaTtajoroMm JUCHUIUIMH 1O BbIOOpPY, 33 % cC
(haKyJIbTaTUBHBIMH TUCLUUILIMHAMU, MPEUTOKEHHBIMU 7151 u3yueHus, 44% B o0mmx
yepTrax 3HAKOMbI C OINKUCAHUEM OCHOBHOM oOpazoBaTenbHOM mporpammbl, 40%
3HAKOMBI C QHHOTAUMSAMU PAdOUMX MpPOrpaMM JWUCUMIUIMH. BONBIIMHCTBO
acnupaHToB (77%) CUMTAKOT, YTO MH(POPMALMOHHBIE PECYPCHl MOJIE3HBI JUIS HUX,
CTOJIBKO K€ OMPOLICHHBIX (77%) PyKOBOACTBOBAIUCH MH(OpPMaLMEH Ha caiiTe is
BbIOOpa OyAylmied CnenualibHOCTH, OCTaJlbHBIC CaWTOM Uil JTHUX [EJEH He

NO0JIb30BATUCH. ClieyeT OTMETUTB, uTO asi popmupoBanuss MOT Ha caiite umeercs
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JOCTaTOYHOE KOMMYECTBO MH(OPMALMK, HO HE BCE ACMUPAHTHI YMEKOT MOJTHOLEHHO
MCITOJIB30BATH 3T TAHHBIE.

HemanoBaxxubim ans noctpoenus HMOT  gBnsercs  kBampuIupoBaHHAS
NOMOLIb OOYYAKOIIUMCS CO CTOPOHBI COTPYAHUKOB OTAEA ACIUPAHTYPbl U HAYYHBIX
pykoBoauTENEH. Pe3ynbTaThl aHKETUPOBAHMS TMOKA3H, 4TO 39% ONPOLICHHBIX B
cllydae 3aTpyJHEHUI 0OpalaroTcst B OTAEN aCOUPAHTYPBI, 37% - K CBOEMY HAYUYHOMY
PYKOBOJHMTEIO, OCTAIBHBIE - K OJHOKYPCHHKaM. [103TOMY MO’KHO MPEIITOIIOKUTH,
yro B nporecce npoektupoBanus HMOT  OOJIBMIMHCTBO aCOUPAHTOB MPH
HEOOXOUMOCTHA CMOTYT MOJIYYUTh TPAMOTHYK) KOHCYJIBTALIMKO M PA3PELIMTh BCE
3aTPyAHCHUS.

Conepxkanue y4eOHOro TmJiaHa, MO MHEHUIO 58% OMNPOIICHHBIX, BIOJHE
COBMAJAET C UX 00pa30BATEIbHBIMU MOTPEOHOCTIMHU, 37 % OTBETWIIM, YTO COBNAAACT
YAaCTUYHO, OCTAIbHBICE 5% CuMTaArOT, 4TO HE coBmamact. Hecmorps HA TO, 4TO
HANOJIHEHUE Y4YE€OHOrO IJIaHa B LEJIOM YIOBJICTBOPSIET aCIMPAHTOB, Y HAX UMEHOTCS
1 cBoM oOpasoBarebHbIe 3anpockl. Tak, 24% acnupaHTOB CUMTAKOT, YTO UM ObUIH
Obl MHTEpPECHBI (PAKyJNBTATUBHBIE AWCUMIUIMHBI, HAMPABICHHBIE HA YriayOJeHHE
CHEeUUaNbHBIX 3HaHUM, 22% - AMCUMIUIMHBI, B KOTOPBIX PACKPbIBAIOTCS AKTHBHBIC
MeToabl 00yueHus, 15% - megarormyeckue NPOOJIEMBI, OCTAIBHBIE XOTENH OBl
MOJIYYUTh JOMOJIHATEIBHBIE 3HAHUS MO0 METOAOJIOTUM M METOJAM MCCIICIOBaHUs, a
TaKKE IO TICUXOJIOTUH.

Kak mokazanm  ompoc, HEpEWIEHHOW  MpoOJIeMOW,  3aTpyaHSIONICH
WHIMBUALYAJIA3ALMI0 TpoLecca MOAIOTOBKM — HAYYHO-TIENArOTMYECKUX — KaJpOB,
SBJIIETCS HEOCBEIOMJIEHHOCTh acnupaHToB o crneuuduke MOT m TexHomorum ee
npoektupoBanus. Ha Bompoc: «YUTo Takoe HMHAMBHAyanbHas oOpa3oBaTeibHAS
TpackTopus?» - 43% ONpOLIECHHBIX JAIA OTBET «HE 3HAIO», 42% - «3HaAK B 00IIMX
yeprax». Tonbko 25% acnupaHTOB TOTOBBI CAMOCTOSITENIBHO CIPOCKTUPOBATH
WHAMBUAYAIBHYIO 00pa30BaTENIbHYI0 TPACKTOPHIO. B TO k€ BpeMsl OMPOILICHHBIC
ykazanu, uto BHeapenue MOT Tpelyer pazpaboTku TMOKAX BapUATUBHBIX YUECOHBIX
IUTAHOB, TMO3BOJISIONIMX BBIOMPAaTh HY>KHBIC AMCHMIUIMHBL M TakuM 00pa3oM

BBICTPaMBaTh ONTUMAJIbHYO JUIsl c€0s1 00pa30BaTEIbHY IO TPACKTOPHIO.
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Ha ocHOBaHMM MPOBEIECHHOTO MCCIECIOBAHUS, MOKHO CIENATh BBIBOJ O TOM,
4TO COAcpKaHWe O(PHUIMATBLHOrO caiiTa OpraHM3alMk B TOJHOH Mepe JacT
oOyyvarorumcss UHPOPMAUIO AJis BO3MOKHOCTA moctpoeHuss MOT, HO HE Bce
aCMMPAHTBl XOPOLIO MOTYT OPHUEHTHUPOBATHCS B SJIEKTPOHHOM WH()OPMALMOHHON
oOpasoBarenbHO cpene. B menom comepkaHue OCHOBHOM 00pa3oBaTEbHOM
IpOrpaMMbl COBNAAAET C 00pa30BaTEIbHBIMU MOTPEOHOCTSIMHA aCHMPAHTOB, HO JUIS
npoektupoBanus Oomsee 3¢ ¢pexktuBHbx MOT, yueOHBIH TUIAH JOMDKEH COACPXKATh
0osee mMUpoKKHe ONOKH AIEKTUBHBIX AMCLMUILUIMH, a TAKKE COUCOK (DaKyJIbTaTUBHBIX

JUCLIUIIIINH.

3AK/IIOYEHUE

Taxkum 00pa3oMm, BaKHEHIIMMH 3ala4aMi HA CETOJIHSLIHHMNA JEHb SBISIOTCS:
COBEPLICHCTBOBAHUE YUEOHBIX MJIAHOB MOATOTOBKH HAYYHO-NEAArOTMYECKUX KAIPOB,
pa3paboTka TEXHOJOTUU MPOCKTHUPOBAHUS WHIMBUAYAIbHBIX 00pa30BaTEIbHbBIX
TpackTOpuii W 0O0yuyeHHe 3TOMYy acnupaHToB, a  BHeapenue HWOT mno3Bomut
MAKCHUMAJIbHO WMHIVUBUAYAIM3UPOBAaTh YUYEOHBIH W  HAy4YHBIA OPOLECCH B
aCMMPAHTYPE, MOBBICUTH CAMOCTOSITEIbHOCTh M OTBETCTBEHHOCTh OOYYArOLIMXCS 32
00pa30BaTe/IbHbI pE3yJIbTaT M HAYYUTh WX B JAJbHEHIIEM MJIAHUPOBATH CBOE

npo(heCCUOHANTEHO-TMYHOCTHOE PA3BUTHE.

JINTEPATYPA

[1] KmumoBa A.C. HnauBuayanuzamus u  auddepennmanus oOydeHUs
acnupanToB // Bektop Hayku TonpATTHHCKOro ['0CyAapCTBEHHOr0 YHHMBEPCUTETA,
2016. - No3(26). C. 32-36.

[2] denepanbhblii 3ak0H «O0 oOpa3zoBanuu B Poccuiickoit denepanumy Ne 273
oT 29 nekabps 2012 r.: [DeaepanbHbiii 3aKoH: npuHAT ['oc. Jlymoii 21 gek. 2012 1. //
["apanT.rU [ONEKTPOHHBIN pecypc]. — Pexxum JOCTyMA: http://
base.garant.ru/70291362.

[3] [Ipuka3 MunHcTepcTBa TPyAa M COLMAIBHON 3auThl PO o1 8 ceHTaOps

2015 1. Ne608H «OO yrBepxkacHun npodeccuonanpHoro crangapra «llemaror

137



-) * 16 ( 2 _) * ’6 () K

+-, ,6 -) * ,6 K 7 ) s, ) .1

) )t r0 + - NYY iPXOEPGPZY Gl &#!"1$%$
sDt h) h) K ) )+ 3,6 1KB8 .rk $J(

)0+ -) * ,6 +) F 2.1 )( o 2

o2 ,+ 6 p+ ,6 6pt o-+ )+ T
"9 "B I"#&p ) s, ) .1 ) )t ro + -

NYY" \\\ EPGPZY Gl 'GFTlaYX W' F GWHO TFa 9CC!CD&9

sot 1) k 5 3 . *). (2 -)
/[ 2 K ") A -+ +) -
,* 3 -3, * K -) K + K.> 2 <
-) 2 1 *) 3 o+ )+. 2 "#& ' %9

#%$



I'azoBble ABUTaTe/ M HA 0a3e Au3eibHOro apurarenas /1 49

bypos C.B., Kaauan4yenko B.B., Mussie C.b.

OAO «Konomenckuii 3apog», Poccus

Gas Engines Based on diesel Engines D49

Burov S.V., Kalinichenko V.V., Milyaev S.B.

PJSC «Kolomensky zavod», Russia

AHHOTAIMS

ITepeBon nu3enpHBIX ABUTATENEH s PabOTHl HAa MPUPOAHBIM Ta30M aKTYyaJeH B CBS3H C
MEHBIIEH CTOMMOCTBIO Ta30BOTO TOIUIMBA W YJIYYIIEHHEM 3KOJIOTHUECKHMX mokaszarenen. s
KOHBepTaunu ausenbHOoro napuratens 12I'UH26/26 B rasoBeiii aBuratenb Obuia paspadoTaHa u
M3rOTOBJIEHA CHCTEMA 3JIEKTPOHHOTO YIPABJICHUS C TOAa4Yeil TOIUIMBHOIO ra3a MHAWBUAYAJIBHO IO
LUIMHApaM aBurarensi. Takas cuctemMa nmo3BossieT odecnednTs padoTy ABHraTesisi Ha aBTOHOMHYIO
NEPEMEHHYIO Harpy3Ky, OTKJIOYEHHE YacTH LMJIMHAPOB HAa XOJIOCTOM XONy, PeryJupOBaHHE
paloThl ABHraTeNsl MO TEMIIEPATypaM BBITYCKHBIX Ta30B 3a IMIMHIPaMH, paboTy ajaropurma
peryJnpoBaHUsl TEMIIEPATyp M TamleHue aeToHauuu. HacTpoiika cucTteM ympaBieHHs ra3oBOTrO
IBUTATENs] MPOBOAMIIACH C HCIOJB30BAHMEM PE3YJIBTATOB 3KCHEPUMEHTANIbHBIX HCCIIEAOBAHHI.
CTeHIOBBIE MCIIBITAHHUS Ta30BOTO ABUTATEINS MMOKA3aJH, YTO pa3pabOoTaHHAs CUCTEMa YIpPAaBICHUS
MO3BOJISTFOT O0ECIIEYNTh ONTUMANIbHBIC MPAHULBI PETYJIMPOBaHUs KO3(PPHUIHEHT U30bITKA BO3AYXA
Ui cTaOMIIbHOM paboThl ABUTATENST HA O0ENEHHBIX CMECSIX CO CHIDKEHUEM BhIOpocoB NOX.

ANNOTATION

Conversion of diesel engines into gas engines burning natural gas is of importance due to
lower cost of gas fuel and lower harmful emissions. For conversion of diesel 12-cylinder engine
with S/D=26/26. into a gas engine an electronic control system providing fuel delivery to individual
cylinders was developed. This system permits to provide engine operation for local power network
at alternating load, switching off some cylinders at idling, control of engine according to exhaust
temperatures, functioning of algorithm of temperature control and self-ignition suppression.
Adjustment of gas engine control system was carried out based on results of experimental studies.
Bench tests of gas engine have shown that the system permits to provide optimal range of excess air
ratio control and, thus, engine operation stability and reduction of NOx emissions when burning
lean mixtures.

KJIIOUEBBIE CJIOBA

KoHnBepTaiwsi, ra30BbIi IBUTATENIb, IETOHALINS, TOKCHYHBIE BBIOPOCH! NOX.

KEY WORDS

Conversion, conversion, gas engine, self-ignition, harmful emissions of NOx.

BBEJAEHUE

AHajmu3 pbIHKa CpPenHEeOOOPOTHBIX IBHTraTeNiel TOKa3ajd BO3POCHIYIO B TMOCIEHHHUE TOIbI
noTpeOHOCTh B Ta30MOpPIIHEBBIX arperarax MomHocThio 800 — 2000 kBT oTeyecTBEHHOTO

MPOU3BOACTBA, KaK B VYAAJEHHBIX PETrUOHax, TaK MW MPOMBILJIEHHO pa3BUThIX. B  Takmx
SHEPrOMCTOYHUKAX 3aUHTEPECOBAHBbI MPOMBILUICHHBIE NPEANPUATHS U aAMUHUCTPALUN MOCEIKOB
Cubupun u JlanmpHero Boctoka B ynmanmeHHeix ot JIOII permonax, a Takke TOpPrOBbIE,
MPOMBILUICHHbIE W KOMMYHQJIbHBIE TNPEANPUATHS B LEHTPAIBHBIX PErHOHax C Pa3BUTOMU
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uHppacTpykrypoil. [IprunHaMu BO3POCIIEro Crpoca SIBJISIOTCS: BBICOKAsi CTOMMOCTD MTOKYMaeMOH
3JIEKTPOIHEPTHM M MOHOIMOJBHOE LEHOOOpa3oBaHHE TapU(POB HA IJIEKTPHUECKYIO MU TETUIOBYIO
SHEPTHH, MEePErpyKEHHOCTh NMOJCTAHIUH, BBICOKHE PUCKU TIOTEPU SHEPTOCHAOKEHNUS, CBA3AHHBIE C
neperpyskoi cyuiectByromux JIOII, BricOkas CTOMMOCTb U TPYAOEMKOCTb COOPY)KEHMsI HOBBIX
JIDII, BO3MOXXHOCTb HCIOJNb30BAHUS Ta30MOPLIHEBBIX 3JIEKTPOCTAHLUN i pe3epBUPOBAHUS
SHEPrOMUTAHUS, MPOCTOTa TPAHCHIOPTHPOBKH ra3000pa3HOro TOIUIMBA M CPABHHUTENBHO HU3KAs
croumocTb. [ToaTomy pemreHne o pa3paboTke KOMIUIEKCAa Mep MO MOJAEPHHU3ALNH CYIIECTBYIOLIHX
OM3ENbHBIX JBUTaTeNell BBITyCKAEMbIX 3aBOAOM Uit paboThl Ha MPHUPOIHOM ras3e sIBJISETCS
TEXHUYECKH M YKOHOMHYECKH OOOCHOBaHHBIM. B pamkax paboT Mo CO3MaHHI0 CPenHEeOOOpPOTHOrO
ra3oBOr0 JBUTATENs MOTPEOOBATIOCH CO3MAHNE KOMILIEKCHOW CHCTEMBI 3JIEKTPOHHOTO YIIPABICHUS
ra3oBbIM ABUTaTEIEM C CUCTEMON ra30MoAauy UHANBUIYAIbHO 10 [UJIMHApPaM aABUratens. B cratbe
NPUBOAATCS  PE3yJNbTaThl OTPAOOTKM TEXHOJOTMHM KOHBEPTAalMM B Ta30OBbId  IBUTATENb
cpeaHeoOOpOTHOTO MU3eNbHOTO ABuratens Tuna 12YH26/26.

IIpenBapuTebHO BBIMOJHEHHBIN aHAIU3 OMNpEeIeNeHUs METOAOB KOHBEpTALUU CpeaHe- U
BBICOKOOOOPOTHBIX JBHUTaTeNel 1t paboThl HAa PUPOIHOM rase [ 1] mo3sonmn onpenenuTs. JIro0oit
croco0 KOHBEpPTAIMH AU3EIBHOrO ABUrATENsl B Tra3OBbIA MO3BOJISIET CHU3UTH BHIOpOCH, NOX u
TBepAbIX uactull [2]. Jnst cpeaHe- W BBICOKOOOOPOTHBIX JBHUTaTeleld pacCMAaTPUBAJINCH JBa
cniocoba cmeceoOpa3oBaHus I Ta30BOTO JIBUTATENS: NMPU BHELIHEM CMeceoOpa3OBaHHMU Iepen
KOMITPECCOPOM U HENOCPEICTBEHHOM BIIPBICKE I'a30BOTrO TOIUIMBA IEpe]] BIYCKHBIMHU KJallaHaMu
Ha TaKTe BCAChIBAHUS.

la3oBbie nBUTATENM C BHEUIHHUM CMeCeoOpasOBaHHEM HMEIOT Oojiee MPOCTYI0 CUCTEMY
YIPaBJICHUS W BBICOKUI KII, CBS3aHHBIA ¢ Oojee BBICOKOH TOMOIE€HOCTBHIO TOILTUBOBO3IYIIHOM
CMeCH, a TakkKe Jy4IIMMHM OKOJOTMUECKUMH IOKa3aTelssMU. Takue [ABUraTelu YCIELIHO
NPUMEHSIFOTCSI B OJIEKTPOCTAHLMAX, padOTAOUINX B Mapajule]b C CETSIMH HEOrPaHHYEHHOH
MOIITHOCTH U JIOKaJbHBIMH. HemocTaTkoM Takux CUCTEM sIBJIsieTCst Ooyiee BBICOKAs CKJIOHHOCTH K
IETOHALUN 1 HU3Kask IPUEMHUCTOCTD MPH PadOTe B JIOKAIBHBIX CETSIX.

JIsl Ta30BBIX OBUTATENEH C OUAMETPOM LWIMHAPOB Oosee 200 MM NMPUMEHSIETCS] CUCTEMBI
TOIUIMBOIO/AYM C WHAWBUAYAJbHBIMM Ta30BbIMU KJIallaHaM{ JJisl HETOCPEACTBEHHOI'O BIIPBICKA
ra3oBOr0O TOIUIMBA TEepel BIYCKHBIMHM KJIallaHAMH HA TaKT€ BCACBIBAHUS, Kak ¢ (POpKaMepHBIM
BOCIUIAMEHEHHUEM, TaK U C OTKPBITONH KaMepol CropaHMsi U HEMOCPEACTBEHHbBIM BOCIIJIAMEHEHHUEM.
Hcnonp30BaHMs JAHHOTO METOAA UMEET PsiZi MPEUMYILIECTB: MOBBIIAETCS 0€30MaCHOCTb ABUTATENs,
T.K. OTCYTCTBYET OOJIBIIOH O0OBEM TOILTMBOBO3AYIIHON CMECH B pECHBEpE IABUTATENs, CHIDKAETCS
TeMIlepaTypa LUK 33 CUeT MPOAYBKH KaMepbl CrOPAaHMs], MOBBILIAETCS IPUEMUCTOCTD JIBUTaTENsI
3a CYeT yMEHblIeHHs O0beMa KaHaja MMOJAa4YM Ta30BO3AYIIHOM CMECH M BBICOKOH CKOPOCTH
peryJupoBaHUsl KOJIMYECTBA [10/1aBa€MOr0 TOIINBA, a TaAKXKe, HWMEEeTCs] BO3MOXHOCTh OTKIIFOUEHUsI
4aCTU LUJIMHIPOB Ha MaJIbIX YacTOTaX, PEryJMpoBaHUe M101a4H TOIUIMBA 110 LMJIUHAPAM.

BBuny Bblllle U3J10:KEHHOIO MOXXHO YBEPEHO YTBEpXKAaTh, YTO ISl ABUTATeNsl C AMAMETPOM
muwmHapa Oonee 200 MM 1ienecooOpa3HbiM OyJeT UCTONB30BAHUE CHUCTEM CMeceoOpa3oBaHUs C
pas3enbHON razononavyeil MHAUBUAYAJIbHO AJs KaXKAOT0 HUIUHIPA.

s oTpaboOTKH METONOJIOrMY KOHBEPTUPOBAHUS AH3ENeH B ra30BbIe JBUTATENN ObUT BEIOpaH
IBUTaTeNb-reHepaTop Ha Oase nusenpHOro apurarens 12HUH26/26. Ilepseiii mpOTOTHUN Ta3oBOro
mortop-reHeparopa OIMIT (12I'HH26/26) Obu1 paspadoran Ha OAQO «KomnomeHckuii 3aBOA»
(r. Konomua) B 2010 rony u ycrmemHo UCIIBITaH B cocTaBe djiekTpocTaHuu B 3A0 «PamyrasHepro»
(r. PapyxHbrii) [1]. OCHOBHBIM yCIIOBHEM KOHBEPTALIUU TU3EJIBHOTO JBUTATENSI B TA30BbI MOTOP
OBUIO MUHHMM3HPOBATH KOHCTPYKTHBHBIE H3MEHEHHUs [0 ABHTaTeNIl0 C LEJIbI0 OOeCTeueHus
yHH(pHUKAITMH OCHOBHBIX Y3JIOB.

beumn paspaboraHbl: cHCTEMa YIpPaBICHUS Ta30BbIM MOTO-T€HEPATOPOM, BKIFOUAOLIAS
CHUCTEMy IIOflaud TOIUIMBHOTO Trasa C 3JIeKTPOyNpaBisieMbIMM Ta30BbIMH  KJlallaHAMU
YCTaHOBJIEHHBIMU MHAMBUYAJIbHO I KaXA0r0 LUJIMHAPA, MHOTOTOYEUHbIH MOABOJ TOIUIMBHOIO
rasa NEepPHNeHIUKYJEIPHO MOTOKY BO31yXa, Asi OOeCHeueHHs pPaBHOMEPHOIO paclpeneseHus
ra3oo0pa3HOro TOIUIMBA B KaMepe CrOpaHMs 3a cueT TypOynIM3auuy MOTOKA, CUCTeMa KOHTPOJS U
perynupoBanus ko3(duumeHTa u30bITKAa BO3AyXa, CHUCTEMa aHaIM3a W TMOHABJICHUS
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PEHIEHUE IMTOCTABJIEHBIX 3AJIAY

Pabora nBurarenp-reHepaTopa Ha aBTOHOMHYEO Harpy3Ky HaKJIaJbIBa€T BICOKHE TPEOOBAHMS
no OBICTPOAEHCTBUIO HAa CHUCTEMBI PEryJUPOBaHHA paboO4Yero mporecca: CHCTEMY IMOANEpPKAHUS
94acTOThl BpameHHus (MOAa4Ydl TOIUIMBA) M CHCTEMY peryJHpoBaHus KoddduiueHta wn3ObITKa
BO3/lyXa TOIUIMBHO-BO3AYIIHON cMech. J{inst obecriedeHust ObICTPONEHCTBHUSI PETyJNUPOBAHHUA U
YMEHBLICHUs] JJIUTEIbHOCTH BIPBHICKA TOIUIMBHOIO ra3a ObUIM MPUMEHEHBI 3JEKTPOyIPaBIsieMble
ra3oBble KJIANIAaHBl TIOBBIIIEHHOH MPOM3BOIUTEIBPHOCTH U OBICTPOAEHCTBUS MO CPABHEHHUIO
npuMeHeHHbIMH Ha 61 MI. Ho mnoBbIIeHHE NPOW3BOAMTENBHOCTH BBI3BIBACT PsA MPOOIIEM.
MuHNMaIbHas TTUTEIBHOCTh OTKPBITHS Ta30BbIX KJIAMIAHOB COCTABUJIA 6 MC, TOSTOMY JUJISl pabOThI
Ha PEeKUME XOJIOCTOrO X0Ja U MaJIbIX YaCTOTaX YCTAHOBJIEH OOIIUN JPOCCENb MOJauYH TOTUTUBHOTO
ras Ha JBUraTellb, a 4aCTh HMJIMHAPOB MPOTPAMMHO OTKJIFOUAETCs It 00eCIeueHUsT ONTUMAIbHOTO
cMeceoOpasoBanusi B paboraromux muiamHApax. Ilpm  pabore nBUrartenb-reHepaTopa Ha
MaKCHUMaJIbHOH Harpy3ke YCTaHOBJIEHO, YTO UJIMTEIBHOCTb OTKPBITHUS Ta30MOMAAOLINX KJIATIAHOB
orpannueHHa 20 mc npu yacrore BpameHust 1000 o0/MuH. DTO CBSI3aHO C TE€M, YTO AKTHBHOE
HAIOJIHEHHE Ha TakTe BcachiBaHMs mpopospkaercs He 6onee 120° [IKB 3a BMT 3atem naBnenue B
LWINHAPE, pecuBepe, W maTpyOKe Tra3onojadd CpPaBHHUBAIOTCSA, M TOJa4va TOIUIMBHOTO ras3a B
MWIMHAP Tnpekpamaercs. s obecrneueHus: TpeOyeMOro ONTUMAJbHOTO CMeCeoOpasOBaHHs U
CTa0MJIBHOCTH pabodvero mpouecca Mpu MUHUMAIBHOM PacXoie TOIUIMBA AABJICHHE TOILUTUBHOIO
rasa Ha BXOJl€ B IBUraTeJib YCTAHOBJICHO B Auanas3oHe ot 2,5 no 3,0 Kr/cm®.

JIJ1l KOMITEHCAINH Pa3IMdMsl B PACXOAHBIX XapPAKTEPUCTHKAX HJICKTPOYIIPABIISEMBIX Ta30BBIX
KJIAIAHOB PETYJSITOP YacTOThl BpalleHust o0ecreunBaeT WHAMBHAYAJIbHYIO HACTPOHKY Ta30BbIX
KJIAITaHOB MPH MUHUMAJIBHON W MaKCUMAJbHOM JTUTEIbHOCTH OTKPBITHS KJanaHoB. B pesyibrate
yIaJoch OOECHEeYUTh PAa3HUIly TeMIIepaTyp IO LMIMHIApaM aBurarens He Ooinee 20 rpamycos
KenbBuHa.

Jns ycTpaHeHUs AETOHALMH W PETYJIUPOBAHUS TEMIIEPAaTyp IO IIMUIMHIPAM JBUTATENS
pa3paboTaH ajropuTM pPEryJHPOBAHUS IOAAYH TOILUIMBHOTO Ta3a B LWJIMHAPHI IBUTATENS IO
CHUTHAJIaM OT JAaTYUKOB TEMIIEPATypbl W CHUCTEMBbl aHAIM3a NETOHAIMHU. TaKk MpH OTKIOHEHHU
TEMIEepaTypsl B LIWIMHAPE IBUTATENs OT 3aAaHHOro nuamasoHa +50°K B perynstop Bblmaercs
CHUTHAQJI YBEJIIMYUTh WIH YMEHBIIUTH JJIUTEIBHOCTh MMITYJIbCA OTKPBITHS TA30BOTO KJaraHa st
BO3BpaTa TEMIEpaTypbl HMIMHAPA B 3aJaHHBIA AMAma3oH. A NP MOBTOPSIOIIEHCS ETOHALMU B
LIUIMH/IPE B PETYJIATOP BBIAAETCS] CUTHAJI YMEHBIINUTD JJIUTEIBbHOCTh UMITYJIbCA OTKPBITHS Fa30BOTO
KJIamaHa Ui TOBBIMICHUS Ko3(QuIreHTa u30bITKAa BO3AYXa, CHIKEHUS TEMIIEPaTyphl CTEHOK
KaMepbl CrOpaHMsi M yXOAa OT JETOHAIMOHHBIX SIBIICHHH BBI3BAHHBIX KAJIHMJIBHBIM 32)KUTAHUEM.
Ecnu BBIIIE epedncIeHHbIe NEHCTBUS HE BO3OOHOBIIIM HOPMAJIBHYIO padoTy LMJIMHpPA, CHCTEMA
BBIJAECT CUTHAJ O HEUCIIPABHOCTH LIMJIMHIPA.

IIpu HacTpoiike CHCTEMBI yIIPaBJIEHUS Ta30BBIM MOTOPOM 00S3aTEIbHBIM ITyHKTOM SIBIISIETCSI
OTIpenesIeHue IPaHuL] TOPEHHsI U IETOHALMH B 3aBUCHMOCTH OT Kod(duirienTa n30bITka BO3AyXa.
DKCIEPUMEHTAIbHO YCTAaHOBJIEHO, YTO TNpu Koddduimentax u3dbITKa Bo3ayxa Oonee 1,6
MOBBIIAETCS BEPOSITHOCTh MPOMYCKOB BCIBILIIEK B LIJIMHAPAX IBHIATENSIX BBI3BIBAIOIIHUX PE3KOE
yBEJIMUEHUE pacxona TOIUIMBa, a npu koddduiuentax Ommskux 1,2 Bo3pacTaer BEpOSTHOCTH
KQJIMJIPHOTO 3aKUTaHUS W JETOHALIMOHHBIX TOPEHWH B LMJIMHIAPAX IBHraTeNsl H3-3a BBICOKOU
TEMIEpaTypbl CTEHOK Kamepbl CropaHus. Tak e OOJbIIOe BIMSAHHUE HAa IMPOLIECCHl TOPEHHS
OKa3bIBa€T YrOJ OMNEPEKEeHMs 3axkuraHus. lIpu ucnelTaHusx Ha asurarenb-resepatope SI'MI
(12I'YH26/26) onTuManbHbIA yroj omnepekeHus 3axuranus cocraswn 36° IIKB no BMT.
[IpyunHON TaKOro paHHEro 3aKUTaHUS SIBISETCS OOJNBIIOW auamerp wwimHApa 260 MM U
3aTAHYTBIA TIpOLIECCE TOPEHUs] TOIUIMBa Ha mnepudepun kKamepbl cropanus. (dopma Kamepsl
CrOpaHHMsl HE M3MEHSJIACh «MEJKHH TecCelbMaH», CBeYa 3KHUTaHHUsl YCTAaHOBJEHA MO LIEHTPY
BMeCTO (POPCYHKH).

Hawnnyumme mokasaTend NPUEMHCTOCTH JOCTHUTAIOTCS Yy ABUTATeNed paloTarommx ¢
ko3 duimeHToM U30bITKa Bo3nyxa Oomnee 1,2-2.5 nns obecniedeHus: MOJHOLEHHOTO CrOPaHUs TPU
PE3KOM YBEJIMYEHUH Mojadu Torumsa. [103TOMy B ra3oBbIX MOTOp-T€HEPATOpax MPOHM3BOACTBA
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OAO «KonomeHckuili 3aBO» MOBBIIIEHHUE MPUEMHUCTOCTU JIBUTATENb-TEHEPATOPa PEATN30BAHO 3a
cder OOeHEHUsS TOIUTMBOBO3AYIIHON cMmecu 1m0 Koadduumenra m3bvirka 1,6, Tak mpu peskom
HaOpoce HArpy3KH W YBEJWYSHHH IMOJAa4Yd TOIUIMBHOTO raza Kod(@uuueHT n30bITKa BO3AyXa MO
LWUIMHPAM ABHUraTessl MPHOMMKACTCA K €AMHHULE, YIY4IIaeTcss CrOpPaHHe TOIUIMBA, MOBBILIACTCS
KPYTSIIUHA MOMEHT, M BPeMsl MEPEXOAHOrO PEXMMa PE3KO YMEHbINAeTCs. A pe3Koe YBEIHYCHHE
TEMIIePaTypbl BBIXJIONHBIX T'a30B NMPUBOAUT K OBICTPOMY BO3PACTAHMIO JABJICHUS HAJAYBOYHOIO
BO3/1yXa, IPU 3TOM peryJupoBaHue ko3 dunrenTa n30bITKa BO3IyXa B TOIIMBOBO3AYIIHON CMeCH
OCYIIECTBIISIETCS] BO3AYILIHOW APOCCEIBHONW 3aCIOHKOW MO CHUTHAJlaM OT JaT4hka CBOOOIHOTO
KHCJIOpOZia B OTPabOTABIIUX ra3ax.

[IppMeHeHHe Takoro THIIA YIPaBJIEHUs cMeceoOpa3soBaHHEM MO3BOJIIO  JOCTHYb
cTadmipHOrO paszoBoro mnpuema Harpy3ku a0 70% (800kBT) oT HOMHMHAJIBHOH MOIIHOCTH
(1160 kBT), uyTo mpeBOCXOAUT 3apyOeKHBIE AHAJIOTH, UMEIOIHE OTPAHNYCHUE B IPHEME HAarpy3Ku
He Oonee 30% OT JOMYCTUMOTO MAKCHMA TSI IBUTATEJIS.

Pabora ra3oBoro pBuratrensi Ha OOENHEHHBIX CMeECAX TAaKKe€ MO3BOJIJIA CHHU3UTH
TEIUIOHANPSKEHHOCTD JIBUTATENS, CHU3UTh BEIOpOCHl NOX, 1 MOBBICUTH HAIEKHOCTH pabOTHI.

BbIBO/IbI

1. Cucrema ymnpaBieHHs Ta30BbIM MOTOP-T€HEPATOPOM pabOTAOIMUM HAa aBTOHOMHYIO
NEPEMEHHYIO Harpy3Ky IJisi oOecreueHUs] KauecTBa PEryJHMPOBaHUS JOJDKHA OBITh BBIIOJHEHA C
UCIOJIb30BaHNEM MHANBUIYAJIbHBIX KJIANaHOB MOJ1a4yH rasa.

2. Jlns obecreyeHus: yCTOWYMBOW pabOThI B QUANa30HE OT XOJOCTOrO XOAa 0 MAaKCHMaJbHOU
MOIIHOCTH OOJIZKHO 6bITb o6ecnequo HHAWBUAYAJIBHOC YIIPABJICHUC 'Aa30BbIMHU KJIAITAHAMM.

3. JIna olecriedeHusl JUIMTENBHOM 3KCIUTyaTallud Ta30BOrO JABHMrareib reHepartopa 12I'UH26/26
HEOoOXOUMO MOANEPKUBATh KO3 uimeHT m30bITKa BO3AyXa B quana3one ot 1,2 no 1,7.

4. I[J'II/ITGJ'IBHOCTB YOPABJIAKOIIETO HMITYJIbCa, IMOAABACMOI'0 Ha Ta30BbIC KJIAlaHbl JOJIKHA
HAXOAWThCS B aAuamasoHe ot 4 o 21mc, stum obecredmBaeTcss OTCYTCTBHUE 3a0poca rasa BO
BITYCKHYIO CUCTEMY U HGO6XOI[I/IMa$I FOMOTCHHOCTD IIPU HU3KUX HAI'Py3Kax.

5. Pa3paboTaH ajqropuT™m TramieHHs AETOHALWH M KOPPEKLUH TEMIIepaTyp rasa Mo LHUIHHApaM
JIBUTATEJS.

6. IIpu paboTe B pexxrMe XOJOCTOro XOJa M HU3KUX HArpy30K LEIecoOOpa3HO OTKIFOYATh YacTh
LUJMHAPOB OT MOJAYH rasa.

7. PaboTa ra3oBOro ABurareisi Ha 0OeTHEHHBIX CMECSX MO3BOJISIET CHU3UTDh TETLIOHATPSKEHHOCTD
aBuraressi, BBIOpockl NOX, M MOBBICUTD HAJIEKHOCTh PabOTHI.
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YIK 621.434

HccaenoBanue npoueccon CMCCCOﬁpa3OBaHI/Iﬂ H CropaHusi B BOIOpOAHOM
AU3¢JI¢ B TpeXMepHOﬁ MNOCTAHOBKCE

P.3. KaBrapanze, A.A. 3eqennos, JIro Csaoxao

MI'TY um. H.D. Baymana, Poccus

Investigation of Mixture Formation and Combustion Processes in Hydro-
gen Diesel Engine
R.Z. Kavtaradze, A.A. Zelentsov, Lu Saohao
Bauman Moscow State Technical University, Russia

B pabome paccmampusaromesi ocobennocmu paboye2o npoyecca 6 nep-
CHEKMUBHOM BOOOPOOHOM O8UcAmeNle ¢ HeNOCPEOCMBEHHBIM GNPLICKUBAHUEM
6000p0o0a U BOCHIAMeEHeHUueM om cocamus. Hucaennoe uccieoosanue npogo-
OuUmcs npU UCNOABL308AHUY MPEXMEPHBLX HECMAYUOHAPHBIX YPUSHEHUT SHEP2U,
osudiceHus, oupgyzuu u HepaspvieHocmu 6 opme PeiiHonvocd, OONOIHEHHbIX
k-C-f mooenvio mypoyrenmuocmu. Ceopanue 6000po008O30YULHOT CMeCU Onli-
CHIBACMCSL C UCNONB30GAHUEM MOOeNU ceopanusi koeepenmnozo niamenu (CFM).
Pacuemur npoeoounuce ¢ nomougvio mpexmepHo2o npocpammuoco nakema AVL0L
FIRE. B pesynemame onpeoeiieHvl napamempusi pabodeco mejd 80 6cem obveme
Kamepvl C2OpAaHUs, UCCIEO06AHO GAUAHUE Yeld ONepedCeHUss GNpblCKd U KOH-
CMPYKYUU Kamepvl c2opanusi Hd dpgexmusnvie u 2K0I02U4ECKUe NOKA3AMENU

osucameis.

Kuiouegwie cnosa: nopuinegoti ogueamens, 6000POOHbLI OU3elb, B000POO,

mamemamuiecKkoe MOOQJZMpOGClHZ/le.

In paper the features of working process in perspective hydrogen diesel
engine with direct injection of hydrogen and compression ignition are dis-
cussed. The numeric investigation of working processes in combustion cham-
bers was carried using the three-dimensional non-stationary equations of ener-

gy, motion, diffusion and continuity in Reynolds form with addition of k-C-f tur-
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bulence model. Combustion is described using of CFM model. AVL. FIRE was
used to obtain the numerical results. As a result, parameters of working medium
in combustion chamber volume were obtained. There also was investigated the
influence of advance angle of fuel injection and combustion chamber shape on
effective and ecological parameters of hydrogen diesel engine.

Keywords: piston engine, hydrogen diesel engine, hydrogen, mathemati-

cal modeling.

1. BBenenue

TpaHcropTHBIE CPEACTBA CTAIU BAXKHOW U HEOTHEMJIEMON YaCTHIO B JKU3-
HU JI0/ICH. B mocneaHue roapl MpoOM3BOACTBO M MPOAAXKA aBTOMOOMIIEH OBICTPO
pacrer, ocobenHo B Poccun, Kutae w apyrux pasBuBaromimxcsi crpaHax. Poct
YHCiIa aBTOTPAHCIIOPTHBIX CPEACTB BEIET K YIIYUIICHUIO KauecTBa >KA3HU JIFO-
J€H, a TAK)KE COCOOCTBYET AATBHEHIIEMY SKOHOMUYECKOMY PA3BUTHIO, HO B TO
JKE BPEMSI, TPUBOJUT K BO3HUKHOBEHHIO KOJIOTMYECKUX MpoOieM. B HacTosiee
BpEMs MBI CTAJIKUBAEMCS C CEPHE3HBIMHU DKOJIOTHYECKUMHU TPYAHOCTAMU U T10-
TEHUMAJBHON HEXBATKOW TPAJAMLMOHHBIX YIJIEBOAOPOAHBIX TOIUMB. C 3TOH
TOYKHA 3PEHMS UCIOJIB30BAHWE AIBTEPHATUBHBIX BUIOB TOIUIMBA, B TOM YHCIE
BOJIOPOJA, B MOPIIHEBBIX ABUTATENSAX SBISCTCA 3(PPEKTHBHBIM COCOOOM 00-
JIETYUTH JAHHYIO CUTYALUIO.

B pabote paccMarpuBaroTCs MPOLECCHl B BOAOPOAHOM JU3ETIE, B KOTOPOM
TOTUTMBO (BOJOPOA) MOAACTCS MOJA JABJIECHUEM HEMOCPEACTBEHHO B LIMIMHAP U
CaMOBOCIUTAMEHSETCS OT cxxaThs. [1pu 3ToM 6€3 IeTaIbHOTO U3YUYCHHs BHYTPH-
LWJTMHAPOBBIX MPOLECCOB, MOAPA3yMEBAIOLIET0 ONPEACIICHUE NTapaMeTPOB pa-
00Yero Tena BO BeeX TOUKaxX padoyero oObemMa MUINMHAPA, JATLHEHINEE COBEP-
LICHCTBOBAHUE TAKOI'0 JABUTATENl CTAHOBUTCS BECHMA 3aTPYIHUTEIIBHBIM. YKa-
3aHHbIE 00CTOATENBCTBA O0YCIABIMBAIOT HEOOXOIUMOCTD JACTAIIBHOTO M3YUYCHUS
BHYTPULIWJIMHAPOBBIX MPOLECCOB B BOJAOPOJIHOM JM3€EIIE, YTO U SBUIIOCH LIETBIO

JAHHOW PadOTHI.
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OOBEKT UCCIETOBAHUS — YETHIPEXTAKTHBIN V-00pa3Hblil MECTULIMINHAPO-
BbIil IBUTaTellb ¢ BOCIJIAMEHEHUEM OT CXKATHUs, C HATYBOM U MPOMEKYTOUYHBIM
OXJIKJICHUEM HAJyBOYHOTO BO3ayxa. PazmepHocThs aurarens D/S = 130/140
MM/MM, CTENEHb cxatus € = 16,5, momHocTh 315 kBT npu yactore BpameHus

KOJIeHYaToro saia n = 2000 mun".

2. Maremaru4ueckass MoJae/1b

MaremaTnueckas MOAETb HECTALMOHAPHBIX MPOLECCOB MEPEHOCA KOJIH-
YeCTBA JBUKCHHUS, SHEPIUH, MACChl U KOHLEHTPALUN PEATUPYIOIINX BEIIECTB B
pacueTHOM 00beMe MOAPOOHO onucaHa B [1, 2].

JUTd pelieHus CUCTEMBl YPABHEHUIH UCIOIB3YETCS OCPEIHEHUE TapaMeT-
POB MOTOKA >KUJKOCTH (rasza), Mpx KOTOPOM IJIOTHOCTh p WTPAET POJIb BECOBOTO
ko3 puuuenTa (ocpeanenne no daspy). [lonyunBmascs cucreMa ypaBHEHUH
3aMbIKaeTCs k-(-f MOJENb0 TypOYJICHTHOCTH, KOTOpas BOJIM3M TBEPIBIX MO-
BEPXHOCTEH (CTEHOK KaMEPBl CrOPaHusi) AOMOJIHACTCS MPUCTEHOUYHBIMHA (DYHK-
nusiMu. CTaHAAPTHBIA WX BHJ MTPELYyCMATPUBACT ONPEACITICHUE YHUBEPCATBHOM
Oe3pa3sMEPHOI CKOPOCTH # M TeMmeparypbl 7 Kak (DYHKIHH OT YHHBEPCAIb-
HOI KOOpAMHATHL ' B peaenax y < 11,63 [3, 4].

BrmsiHue XuMrU4ecKoro mpouecca TOpeHust YYUTHIBACTCS ¢ TOMOIIBIO WH-
TEHCHBHOCTH BHYTPEHHET0 HCTOUHMKA TEIUIOTHI ¢y, BT/M’, H MaccoBOro pacxo-
na i, kr/(M°-c). 3HaUYeHHs STHX T1aPAMETPOB MOTYT OBITh BBIYMCIIEHBI C TIOMO-
HIbK0 CKOPOCTH W, XUMUYECKON PEAKIIMH CTOPAHUS:

Gy = Qrwy;, M= —W,,
rae (), — BBIICIMBLIECECS B PE3YJbTATE XUMUUYECKOM PEAKIMN KOJMYECTBO TETLIO-
Thl HAa €aUHULYY Macchl, JDK/Kr. CKOpOCTh Mmpouecca CropaHus OMpeacsieTcsl Ha
OCHOBE MOJIENH KOrepeHTHOro miamMenu (CFM) [2, 3].

Pacuetsl npoBoaunuce ¢ nomoubo TpexmepHoro CFD-kona FIRE, pas-
paGotannoro ¢gupmoii AVL List GmbH (Asctpus) [3]. Aapo FIRE ocHoBaHO

Ha YMCJIICHHOM MCTOAC KOHTPOJIbHBIX 00BEMOB € HUCITOJIb30BAHUEM YCOBCPIICH-

146



8 6 + ).+ ) 2 ./ K
6 )./) 2 ,6K Y() /1 +,1
% < 60 c7
Y2 ) +,6 +,) )3 K ( <

0 K ) 0-)3 ( 3,4 +<
)+ +K, r2 (, 6-)+ (1) 1

). ) o+ OK .1-) 1 ,6K1
0) #

r # +,60p )K( TJo(p ). ) + <
)+ + K,

hyH + ) /+ K)y - -.,6 -)<
8 ~-), O+ )1 -,0 01 ) 1
) 1 2 o p50 -) K+ 2)K <
2 / -) K )2 [-) )l) ;- <

/ K o+, ; —1/+-), ?p
y* 3 +, -) +,6 - ) ) K ,6
6) ) )2 + (K +K,0 I (p
6).)2.-) +,6 -)) ., 5K.,6rt
sot 1) ; -+ )K,6 - ,2 ,6<
+ 3, +) , + 0 h ,+ O

#D&



6 K 2 )+ 1- (u ). -) ).)K<

3 .6 (.60 I(p )t -
r ) + )J+ ) op )+ [ -<
) o(p -,2 J-)K,6 ") oK, , p %/
) +,) o) ., p (K +K,

hy ) ) )(2 -)3 +)+ +K, 3,6:

) )+3 . +K, 3, -+2 +)+
)+,, 6 K
7U
v
+ + 3 -+2 +K,6 o5p +zD!'B 50
z #1" 50 K, - ) 5 +)+ )K,6

-) +z"ID 3,-+42 +)+ .-, 2
3,

) + )+ ) )+3 +)+
+K, -)+ ) %

#D$

)

1 n

"$9



M #nnininin
$ xVU gtkuvVmOf yfmPfO / IUOOf IPfO

#D
"
! #
;L\IZ $
c
D
D" % %c" o
RQXmO? »
r % ') + ).+ ) +)+ oK, ,<
p )+3 0) , p+K,
LK) % + 2 -) -) , (,:+ <
7 3, .-+2+, )+3 +)+ +K,1 +
+(6 -) 2 + 2JK2 1 6.+, 13 <
, Nz #C h +) + K2 ,6 6, )
K+)0 - 2 )0 ) 1+,
2, -, -+2 ++ 0 =-);
5 2 -)+,0 6.1-)+-+2 +)+ 3, +)
+ .+ KO 6 ),) 6 )6 - .+,
0) Dp + ) 6 ) + )K ,6
+ K06+ 0 ,; (6;/K2 1-"n2 -,<
o ,6 , ) ) J+ 1
J,2 -)3 ) - K+ 1 +) +
+ K, )+ 3 K K -) ). )+
1- (u T , =) 2 , 00 9p
6 <)) )+3  +K, ., #O"

6 5)) )t FK, (K o#er

#DB



. gtkUVmOf yfmPfO / IUOOF IPfO
0 hPOLOI yf mPfO / €OK IPfO

%"

Km m
m m

%C" D!"
RQXmO? -

r D ") 6 - .+, 3,4) +)+ oK,

, p )+3 o) , p*K,
_— O
)/ !
(
r 9 -) )op + + K op 3, +)
+)+ oK, , p )+3 o) , p+K,
6. =) ) )(2 , -K ,: .1 2 <
6:-) K) 6) 6 .0 Y+./ 8 o + K p
do-0 K+, L+ ., 60 =) )

0) Cp .. + K +)+ +K, K.:

#9"



;2 )+ 3 0) 9P 5 [/ 0 )( 6<

, =)0 ). - 0 &p K 3 ,<
1-+2 +* 3 *). ). ) o0) &(p K <
N +0 K)+ - sCt

hy .+ )3 ) +)+ K+
)yl ) YK, 21*). (+,6 , ) 1+, [/
) - O h) = (, ) (,;:;+ <
, 6 T -f o+* 3 : OK1 )p 2 -+ )0+
) -,2 .)K,6 .+ +)/ - + ,1s& $t5
/) )K (,6; ) () + K
U|%G"

r C 6. -) ) 2 ). ) )+3<
oPp +)+ o(p+K,1



:# .(55'67788259 0#
0 8 X 03
0 4 0
)0 9 )/
(
r & LK J 3 )31ARw 3, +) +<
)+ +K, +, )K, 2. /K2 1 , -)O0 -).
-, *Jop *).t o(p
B
K6 )(. Kt )*3) +.6)(2
-)3 3,+) +)+ +K, (K +K, +, )K <
(, 8 6:%#9 5 +,6-K , .1 -<
6: 2 )+,6, 6. K2 -) ) )(2 :
0+.1 ) /I 21) 2 (u 2,
-, ) 1, 6. -)) K - .- +

OK:8 ) ) o-); 6 ,6K 3, +) ).; + <
» P

6. -) ))(2 , 0 -K,: - K)<
6) 6 .0 + K g, -0 K+ , J <
2 2 ) - 3.,6.-) 8 +)+ 2
K) 0 .0 )+./ 8 . -) ). )<

-, K+ 1 ) + K2 6. .0 +
K 5 1/ 0 )( 6, , -)0 ).

-, o+ 9vht + p K 3, 1-+2 +* 3

#9!



(opMBI KaMEPBI CropaHus (KOHAYECKAs! UM CHMMETPUYHAS KaMEPbI) U U3MEHE-
HUE MHTEHCUBHOCTH BUXPEBOIO JBIKCHUS 3apsiaa Ha BOycke. CyllIeCTBEHHOE
BIMSHUE TAKKE MMEET OpPraHu3alus TOIUIMBOMOAAYM B LWJIMHIAD JBHIaTEIIs
(koHCTpYKIMS (popcyHkH, ee opucHTauusi B KC, 3ak0OH BNPBICKMBAHUS TOILIU-
Ba).

BrinonHeHHOE B paboTe MaTeMaTHYECKOE MOACIMPOBAHNE pabOUMX MPO-
LIECCOB B BOJAOPOAHOM JAM3EE MO3BOJISIET JOCTHYb CYIECTBEHHOM 3KOHOMHUM

BPEMEHU MPH pa3pabOTKE U TOBOJIKE ABUraTEIs.

Pabora BeimonHeHa npu GpuHancoBoi nognepskke PODOU (rpant Nel8-08-
00275a).
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YK 621.436
IKCINTYATAIHOHHbIE MIOKA3AaTe/IH Ia30BOr0 ABHIaTe s

B.A. Mapkos, ®©.b. bapuenko, I11.P. Jlordynnun, A H. 3eHkuH
MI'TY nm. H.2. baymana

Performance indicators of Gas Engine

V.A. Markov, F.B. Barchenko, Sh.R. Lotfullin, A.N. Zenkin

Bauman Moscow State Technical University

Axmyanvnoii npobaemoii cospemennoco 08u2amenecmpoeHus A6JsAemcs
aoanmayust OuselvHvlx Ogueameleti Kk pabome Ha albMepHAMUGHBIX MONIUBIX.
Tlokazanvl npeumyuecmeda UCnoIb308AHUS. NPUPOOHO20 2d3d 6 Ka4ecmee Mo-
moproeo moniusa. Ilpogeden ananuz npoodiem, GOHUKAIOWUX NPpU dOanmayuu
ouzenvbHbIX Ogueamesetl k pabome Ha npupoonom easze. Paccmompenvl noxasa-
meJiy MONIUBHO SIKOHOMUYHOCIU U MOKCUYHOCHU OMPAbOmMasuiux 24306 de-
MOMOOUTILHO2O 2d3068020 Ogueamelisl. Hccie0o8anvl 803MOICHOCMU YIyYULEHUS
OKOJIO2UYEeCKUX NOKA3ameeti Ogueameis Nymém npumeHenus NpupooHoco 2asd.
Tloxrazana yenecoobpaznocms OmMKI0YeHUs YuliuHopose npu pabome 08UaAmeis
HA PECUMAX ¢ HENONHOU HASPY3KOU. IMO NO360JI51em YMEHbULUMb IKCHIYAmd-
YUOHHBLI pACX00 MONIUBA U 8bIOPOCHL ¢ OMPAOOMABULUMU 2A3AMU MOHOOKCUOA
Venepood u Heceopesuiux y2neso00pooos. Ilpu smom Heobxoouma 0OHOBpeMen-
HASL Peanu3ayusi Memooo8 CHUICEHUs BblOPOCOE OKCUOOE d30Md.

KaroueBble ciaoBa: oOsueamenv 6HympeHnezo C2OpaHus, 2a306bili
osueametb, NPUPOOHbLIL 243, NOKA3AMEIU MOKCUYHOCIU OMPADOMABULUX 2A308.

The actual problem of modern engine building is the adaptation of diesel
engines to work on alternative fuels. Advantages of using natural gas as motor
fuel are shown. Analysis of problem occurring by adapting diesel engines func-
tioning on natural gas is carried out. Performance of Fuel Efficiency and Ex-
haust Gas Toxicity of Automobile Gas Engine are considered. Opportunities of
improving engine environmental characteristics by applying natural gas are in-

vestigated. The expediency of disabling the cylinders when the engine is running
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at part load. This allows to reduce fuel consumption and emissions from exhaust
gases of carbon monoxide and unburned hydrocarbons. In this case, a simulta-
neous implementation of the methods to reduce emissions of nitrogen oxides.
This allows to reduce fuel consumption and emissions from exhaust gases of
carbon monoxide and unburned hydrocarbons. In this case, a simultaneous im-
plementation of the methods to reduce emissions of nitrogen oxides.

Key words: internal combustion engine, gas engine, natural gas, indica-

tors of toxicity of the exhaust gases

BBEJIEHUE

Hcronienne MUpOBBIX 3anacoB He(TH, HapacTaromuil AehuuuT HEedTe-
NPOAYKTOB M MOBBIICHHUE [IEH HA TPAJAMLMOHHBIE MOTOPHBIE TOIUIMBA BBIHYXK-
JAr0T ABUTaTENIECTPOUTENCH HCKaTh UM 3aMeHy. [Ipu 3ToM BakHeHmmMu (hak-
TOpPaMH BBIOOpA TOTO WJIA MHOTO AJBTEPHATUBHOTO MOTOPHOIO TOIUIMBA IS
JBUTATEIIEH BHYTPEHHETO CrOPAHUS SBJISIOTCS OOIIMPHOCTh CBIPHEBOM Oa3bl 11s
WX TOJYYEHUSI U CTOMMOCTB dHepronocuren [1, 2,]. JIpyroil npuunHOi WHTEH-
CUBHBIX MOWCKOB AJIbTEPHATUBHBIX SHEPrOHOCUTENICH SIBIISIOTCS Y>KECTOUCHUE
TpeGoBaHMi K TOKCHUYHOCTH OTpadoTaBmux ra3os (OI') neurareneii [3, 4].

Cpenn omHOroO M3 HambOOJEe MEPCIECKTUBHBIX ANbTCPHATUBHBIX TOIUIWB
paccMaTpUBAETCs MPUPOIHBINA ra3. 3T0 00yCIOBIEHO OOJIBIIMMU 3aracaMu 3TO-
IO SHEPrOHOCHUTENSI M €70 HEBBICOKOH CTOMMOCTBEO. [IpUpOAHBIA ra3 cunraeTcs
AKOJIOTHYECKH 00JIE€ YACTHIM MOTOPHBIX TOIJIMBOM B CPAaBHEHUM C TPAIWIMOH-
HbIMH HEPTSHBIMU TOIUTABAMH [3, 4]. 310 00yCIOBIAEHO JIETKUM (PPaKIMOHHBIM
COCTaBOM IPUPOIHOTO Ta3a, COACPIKAIIETO, B OCHOBHOM, METAH, U OTCYTCTBHEM
B €0 COCTaBE MOJMUIMKINYECKMX apOMATUUYECKUX YIIIEBOAOPOJIOB U CEPBI, KO-
TOPbIE UMEKOTCA B JKUJIKAX HE(PTAHBIX TOMIMBaX. [I[puuem, npupoaHblil ra3 Mo-
JKET CHKUTAThCS KaK B OCH3MHOBBIX JBUTATENAX, KOHBEPTUPOBAHHBIX IJ1si pado-

ThI HA ra3c, TaKk H B AU3CJIbHbBIX IBHUIaTCIIAX.
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HecmoTps Ha yka3aHHBIE MPEUMYILECTBA MPUPOAHOTO ra3a Kak MOTOPHO-
o TOIIABA €T0 ITOBCEMECTHOIO IIMPOKOr0 MCIOJIB30BAHUS MOKA HE IIPOUCXO-
IUT. DTO OOBACHSETCS LEIbIM KOMIUIEKCOM NpuurH. OnHOM U3 mpodiieM, BO3-
HUKAOIIMX MPU afanTaluy AU3ENBHBIX JBHTATeNci K padoTe HA MPUPOAHOM
rase, sSBJIIETCA II0Xas BOCIUIAMEHSAEMOCTE IIPUPOJHOTO ra3a B YCIIOBUAX Kame-
PBI CrOopaHust ABATaTeNs. B CBsi3u ¢ 3TUM pa3paboTaHbl pPa3IMyUHbIE CIIOCOOBI Op-
raHu3anuu padodero mporecca ABUraTesicid, MEPeBOJAUMBIX HA Ta30MOTOPHOE
TOIMJIMBO. Peann3oBaHbBl 4YMCTO Ta30BbIA padoumii mpouece, ra30au3eiabHbINA
npouecc u Ap. [1, 5]. [llupokoe npuMEHECHHE MPUPOIHOTO Ta3a KaK MOTOPHOTO
TOIJIMBA CIEP>KUBACTCS HEJOCTATOUYHO PA3BUTON CETHIO aBTOMOOMJIBHBIX Ta30-

HaIOJIHUTCJIbHBIX KOMIIPCCCOPHLIX CTaHLIUM.

PEKHMBI PABOTHI IBUTATEJIEH U UX DKCITYATAITMOHHBIE
IHOKA3ATEJIN

Jliist otieHKH 3PPEKTUBHOCTH MCIOJIb30BAHUS MPUPOJHOIO Ta3a KaK MO-
TOPHOTO TOIUJIMBA HEOOXOAMMO 00jie€ MOAPOOHO MPOAHAIM3UPOBATh SKCILTya-
TAlMOHHBIC TIOKA3aTeIU TOTUIMBHOM 3KOHOMHYHOCTH U TOKcuyHOCTH Ol aBTO-
MOOWMJIBHBIX JTU3EJIBHBIX M FA30BbIX JIBUTATEICH. DTH NMOKa3aTeau B 3HAYUTEb-
HOM CTENEHH OMPEACIIAIOTCS PACPEACTICHUEM PEKUMOB MX PAOOTHI B IKCILTya-
Tauud. B CBOKO ovepesb, peKUMBbl padOThl TPAHCIOPTHBIX JABUTATENIC BEChMa
Pa3HOOOPA3HBI M 3aBUCAT OT XapaKTepa SKCIUTyaTallii TPAHCIIOPTHOTO CPEICTBA
U pana Apyrux (pakTtopoB. TUNMHYHBIM SBISIETCS MPUBEACHHOE HA puc. 1 moje
pacnipeneneHus pexxuMoB qusenst tTina KamA3-740, moaydeHHOE B YCIOBUSX
WHTEHCUBHOTO FOPOACKOTO JABHKEHUS rpy30Bor0 aBToMoOmis KamA3-5320 [6].
JIBUTaTENbh YCTAHOBJICH HA MOJIHOCTHIO 3arpy>KCHHBIA aBTOMOOMITL 00IIEH Mac-
coii 16 TonH. B kaXxmo0ii moao0macTv 3TOro nosist yKa3aHo OTHOCHTEIBHOE BPEMS
paboThl nu3ens B mpoueHTax. OCHOBHYIO 100 BpeMeHu (62%) nBurarenb pa-
O0otaer B nuamnazoHe 4yactoT BpameHus n=0,48-0,67 nyoy, a B 00JIACTU HOMHU-

HAJIBHOH 4acTOTHl BpaweHusi — He Oonee 2,5% (mpoAOIKUTENBHOCT PAbOTHI
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JIN3€JTsl Ha PEXKUME MaKCUMaIbHOM MOIIHOCTH He npeBbiiiact 0,4%). Bpems pa-
OOTBI U3 HA PEKUMAX C MOJIHON HArpy3Koi (pe>KMMBbl BHELTHEH CKOPOCTHOM
XaPaKTEPUCTUKH ¢ MAKCHUMAJbHBIM KPYTSIIMM MOMEHTOM JABHMrarens M) co-
CTaBJIs0T 0KOJI0 30% 0T 0011Iero BpeMeHu dKcrutyaTanuu. Kaxkabiii sKcrutyara-
UOHHBII PEXUM MMEET CBOIO CHEHM(PUKY W OTINYAETCS MO MOKA3ATENAM TOTI-

JIMBHOH YKOHOMHYHOCTH ¥ TOKCUYHOCTH OI JU3CIIA.

Me — Puc. 1. Pacnipenenenuss pekuMoOB
_~T102(132| 92| 49 | 20 |02 pabotel mu3ens tuna KamA3-740
08 / 68 (109| 48| 12 |006|004]003 I'Py30BOr0 aBTOMOOMIIS B YCJIOBH-
06) | 39| 20| 41|22 |07 004|003 |02 SIX TOPOACKOro ABUKCHUS TPAHC-
TIOPTHOTO CPE/ICTBA
07| 20| 41|31 | 06|0085/002| 0
0,4
04|20 | 44|50 | 07|02 |002]| 0
02

0,4 06 08 1,0 fi

OnyOnuKOBaHHBIE JaHHBIE (Hampumep, B padotax [7, 8, 9]) mo xapakre-
PUCTHKAM JU3enei, padoTaronmx Ha JU3EIbHOM M aJbTEPHATUBHBIX TOIIMBAX,
¥ pa3pabOTaHHBIC METOJMKH OLICHKH WX SKOJOTMYECKON O€30MacHOCTH HE MO3-
BOJISIFOT OJIHO3HAYHO OMPEACITUTh HauOOJEe MPEANOYTHTEIBHBIE ATbTEPHATHB-
HbIC TOIUIMBA, MOCKOJBKY OLICHKY 3(PPEKTUBHOCTH MX MCIOJIB30BAHUS B IH3€E-
751X HEOOXO0MMO MPOBOJUTH MO LEJIOMY KOMILIEKCY NMOKA3aTeNeiH TOKCHYHOCTH
OI' ¥ TOMMBHOW SKOHOMHYHOCTH. B CBsA3M ¢ 3THM HEOOXOIMMO MPOBECTH KC-
CJICIOBAHMS SKOJIOTHUECKHX TMOKA3aTeNsX ABUTATEICH BHYTPEHHETO CrOpPaHUs,
MCIONB3YIOIUX MMPUPOIHOTO ra3a B Ka4eCTBE MOTOPHOTO TOIUIMBA, U LIENECO00-

PA3HBIX HANPABIICHUI COBEPIICHCTBOBAHMS 3TUX NTOKA3ATEIIEH.

IKCIITYATAIIMOHHBIE ITIOKA3ATEJIN I'A30BOI'O ABUTI'ATEJIA
IIpu poBENEHUN TAKUX UCCIIENOBAHUN HUCIIOIB30BAHbI SKCIIEPUMEHTANIb-

HBIE JJAHHBIC MO TOKa3areasM au3ens thna KamA3, KOHBEPTUPOBAHHOTO IS
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METOJ YJIYYIIEHUA SKCIUTYATAIIMOHHBIX NMOKA3ATEJIEN
I'A30BOI'O ABUT'ATEJIA

AHQJIN3 TaHHBIX PUC. 2 U 3 TTOKA3bIBACT, YTO MEPEBOJ PACCMATPUBACMOTO
ra3o0BOr0 JBHTATENIl HA PEKUAMBI C YIYUYHICHHBIMM TOKA3aTENISIMH TOIUIMBHOMN
SKOHOMHYHOCTH U TOKCHYHOCTU Ol siBnsieTcst 3(pPEKTUBHBIM CPEICTBOM YIIy4-
HICHMS €0 3KCIUTyaTallMOHHBIX MOKa3aTelied. OT0 MOXKET ObITh TOCTHTHYTO 3a
CYET MEPEBOAA ABUraTeiss HA SKOHOMHYHBIE M SKOJIOTHYHBIE PEKUMBI PAOOTHI
MyTEM OTKJIFOUYECHHs YACTH LMJIMHIPOB C UCNOJIb30BAHUEM CHCTEM aBTOMATHYE-
CKOT'0 PEryJIMpOBaHus U ynpasiicHus [6, 12]. IIpu 3ToM HaA pexuMax ¢ 4aCTUY-
HOM Harpy3kod OTKJIFOUAETCS 4acTh LWJIMHIPOB, a OCTaBlIMecs B paboTe LHM-
JUHAPHL pabOTAKOT HA PEKUMAX C IMOJHON HArpy3Ko#l, OTIIMYAKOIMXCS YIIy4-
HICHHBIMY TIOKA3aTENISIMA TOTJTMBHOM SKOHOMMYHOCTH W TOKCHYHOCTH Ol

Jlns moarBepxkacHus 3(PpPEKTUBHOCTH TAaKOH OpraHu3anuy paboThl HC-
cnenyemoro asurarens KamA3 cemerictBa RGK NMPOBEAEH aHAIM3 €r0 MHOTO-
NapaMeTPOBBIX XapakTepuCTHK (puc. 2, 3). [Ipum 3TOM MCHONB30BaHA CIEAYIO-
1asi METOAMKA. bpln paccMOTpeHBl (PUKCUPOBAHHBIE CKOPOCTHBIE PEKUMBI Pa-
OO0THl ABUTATENsl B JAMANA30HE OT HOMHMHAJIBHOTO CKOPOCTHOTO PEXKUMA Moy
(n=2000 MuH') 10 MUHUMAJILHOIO CKOPOCTHOrO pexkxuma n=0,4 hye (n=800
mur!). s K&KIOr0 W3 PacCMaTPHBAEMBIX CKOPOCTHBIX PEKMMOB MOJYYCHBI
HArpy304YHbIC XaPaKTEPUCTUKH. [Ipr 3TOM PaccMOTPEHbI HArPY30UHBIE PEKUMBI
OT PeXXUMa ¢ TOJTHON HArpy3Koi (OTHOCUTEIbHBIA MOMEHT PaBEH M. nom=1) 110
peKUMa ¢ YaCTUYHOW HArpy3koit M.=0,3 M, nom. [loMydeHHBIE TAKUM 0Opa3oM
JTAHHBIC MPUBEACHBI B TA0J. 1-5.

[IpeacrapneHHbIC AaHHBIE MOATBEPXKAAOT S(PPEKTUBHOCTH peanu3anuu
METO/A OTKIIFOUEHHUS YaCTH LIMJIMHIPOB HA PEKMMAX C HETMOJIHOM HATPy3KOH ISt
CHIDKECHHUSI pacxoja TOMIMBA M BbIOPOCOB TOKCHYHBIX KOMIMOHEHTOB OI'. Ilo
3TUM JaHHBIM MO>XHO OTMETHUTH SIPKO BBIPAKEHHYKO TEHACHUMIO CHHXKECHUS
YAEABHOTO 3QPEKTUBHOTO pacxoa TOMINBA g., YACTBHBIX MAaCCOBBIX BEIOPOCOB

MOHOOKCHA YIepoaa eco, CYMMapHBIX HECTOPEBIIMX YIIIEBOJOPOIOB ecrix U

161



HCMCTAHOBBIX YIJICBOAOPOAOB e€nmvcH HPH YBCIIMYCHHUN HAI'PY3KH. B HYaCTHOCTH,

Ha HOMHMHAJILHOM CKOPOCTHOM peskume Tipu #=2000 MU' yBeTHUEHHE OTHOCH-

TENBHOTO KPYTAIEero MomeHnra asurarenss M, ot 0,3 no 1,0 compoBoxxpaercs

CHIDKEHUEM g, 0T 265 1o 213 r/(kBt1-4), eco — ot 3,4 no 1,9 r/(kB1-4), ecax — OT

6,6 10 3,0 r/(kBT-4), expmen — ot 1,3 10 0,5 r/(kBT-4), cMm. Tadn. 3-7. To ectsb,

OPU CHUKEHWH HArpy3KW Ha JBUTATENb (P YMEHBIICHUA M) LENECO00Pa3HO

COKpaTUTh YACJIO padOTAIONIMX [IWJIMHIPOB TAKUM 00pa30M, YTOOBI OCTABIIUAECS

B paboTe HUIMHAPHI padOTaIU ¢ MOJIHOW HArpy3koi (mpu M.=1).

Tabmuma 1. 3aBUCUMOCTD yAETBHOTO 3(PPEKTUBHOIO pacxoja TOMIMBA g, JBU-

rarens KaMmA3 ot pexxuma ero padoTsl

Cko- Y nenpHbIi 3¢ (EKTUBHBINA PACXOM TOIUIMBA ge PU PA3IMYHBIX HATPY30UHBIX pe-
pPOCTHOM KUMax pabotsl nurarens, r/(kBT )
pexum | M~0,3 | M=~04 |M~0,5 |M~0,6 | M~0,7 | M~08 |M~=0,9 |M:=1,0
Prom 265 248 235 227 225 224 222 213
0,8 Mrom 241 230 220 214 212 208 206 200
0,6 Mrom 255 227 217 213 212 212 211 210
0,4 Muom 295 240 226 222 214 209 206 205

Tabnuia 2. 3aBUCUMOCTD yIETBHOTO MAaCCOBOTO BHIOPOCA OKCUIOB a30Ta exox C

OI' gBurarens KamA3 ot pexuma ero padboTsl

Cko- VY nenpHBIA MacCOBBIM BBIOPOC OKCHIIOB a30Ta €NOx IIPH PA3IIMYHBIX HATPY30UHBIX
pPOCTHOM peskumax paboTel gBUraTens, r/(kBt 1)
pexum | M~0,3 | M=04 |M~0,5 |M~0,6 | M~0,7 | M~08 |M~=0,9 |M:=1,0
Mo 2,0 2,1 23 2,7 3,0 3,0 4.2 4.4
0,8 Mron 1,6 1,6 2,2 2,5 3,4 42 6,5 8,6
0,6 Mron 1,8 24 4,1 4,2 43 4.5 4,7 3,5
0,4 Axon 4,1 42 4,6 5,6 6,6 7,6 8,6 9,6

Tabnuia 3. 3aBUCUMOCTh YACTLHOIO MAacCOBOTO BHIOPOCA MOHOOKCHAA YIJIEPO-

na eco ¢ Ol neurarens KamA3 ot pexxuma ero paboThl
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Cko- VY nenpHBIA MacCOBBII BBIOPOC MOHOOKCHA YTIIEPOaa eco MPH PA3INIHbIX HArpy-
pPOCTHOM 304HBIX pekuMax paboTsl nBuraress, r/(kBr )
pexum | M~0,3 | M.~0,4 |M~0,5 |M~0,6 | M~0,7 | M~0,8 |M~0,9 |M:=1,0
Mrom 3,40 2,70 2,70 2,70 2,60 2,30 2,15 1,90
0,8 Mron 2,55 2,35 2,30 2,30 2,20 2,07 1,78 1,60
0,6 Mron 2,70 2,30 1,94 1,86 1,78 1,70 1,65 1,50
0,4 Hxon 3,50 2,70 2,00 1,80 1,55 1,30 1,10 0,85

Tabnuua 4. 3aBUCHMOCTB yIEIBHOIO MacCOBOI0 BbIOpPOCA CYMMApPHBIX HECTO-

PEBUINX YIIIEBOAOPOAOB ecrx ¢ Ol npurarens KaMmA3 ot pexxuma ero padboThl

Cko- VY nenpHBIA MacCOBBIM BBIOPOC CYMMapPHBIX HECTOPEBIINX yIIIE€BOAOPOAOB €CHx IPU
POCTHOM PA3IMYHBIX HATPY30UHBIX pexXuMax pabotsl neurares, I/(kBt )
pexum | M~0,3 | M=~04 |M~0,5 |M~0,6 | M~0,7 | M~08 |M~=0,9 |M:=1,0
Priom 6,6 6,3 6,0 6,0 6,0 5,8 5,6 3,0
0,8 1rom 6,2 6,0 6,0 5,9 5,9 5,8 5,2 3,0
0,6 Mrom 6,8 5,5 5,0 5,0 5,0 5,0 5,0 5,0
0,4 Muom 6,1 5,0 4,0 3.8 3,5 3,1 2,6 2,3

Tabnuia 5. 3aBUCUMOCTD YJEILHOTO MACCOBOTO BHIOPOCA HEMETAHOBBIX YIJIE-

BOA0POAOB envcu ¢ Ol nBuratens KaMmA3 ot pexxuma ero paboTsl

Cxo- Y nenpHBIA MacCOBBIM BBIOPOC HEMETAHOBBIX YIJIEBOAOPOAOB €NMCH MTPH Pa3Iny-
pPOCTHOM HBIX HArPy304HBIX peXrMax paboTsl neurarens, r/(kBT )
pexum | M~0,3 | M~0,4 |M~0,5 |M~0,6 | M~0,7 | M~08 |M=0,9 |M:=1,0
Mrom 1,30 1,24 1,21 1,20 1,10 1,10 0,88 0,50
0,8 Mron 1,19 1,12 1,03 0,84 0,80 0,77 0,72 0,50
0,6 Mrow 1,22 0,94 0,82 0,75 0,68 0,68 0,78 0,90
0,4 Axon 1,06 0,79 0,64 0,57 0,54 0,50 0,42 0,38

Cnemyer OTMETHTb, uTo py #=2000 MUH' M yBEIMYEHHH OTHOCHTENLHO-
ro KpyTsLero MoMmenTa asurarens M, ot 0,3 1o 1,0 yBenuuuBaroTcs BEIOPOCH

OKCHUJOB a30Ta exox — 0T 2,0 10 4,4 r/(kBt-4). [TosToOMy npu peanuzaiuu MeTo-
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Ja OTKJIFOUEHUS] LIAJIMHAPOB HEOOX0MMa OJTHOBPEMEHHAS peann3alus METOI0B
CHU>KCHHUSI BEIOPOCOB OKCUJIOB a30Ta.

B nenom, npoBeaeHHBIE UCCIEA0BAHUS MOATBEPIAMIN CYLIECTBEHHYIO 3a-
BUCHUMOCTh JKCIUTyaTallMOHHBIX TOKA3aTeneii aBTOMOOWILHOTO JABHIaTesst OT
PEKMMOB €ro paboThl U 3PPEKTUBHOCTD YIYUIICHUS MOKA3aTesIeH TOTUIMBHON
SKOHOMHYHOCTH W TOKCHYHOCTH OI' paccMarpuBaeMoro aBTOMOOWJILHOTO JIBH-
rarefii MyTeM HKCHOJIb30BAaHUS MPUPOJHOIO Ta3a B KAYeCTBE Ta30MOTOPHOIO
TOMJIMBA C OJHOBPEMECHHOHN peanu3auueil MeToqa OTKIIFOUEHUS YacTH LUJIMH-

JPOB HA PEKUMAX C HEMOJIHON HArpy3KOii.

3AKJIFOYEHUE

1. Jlonst pe>KUMOB € MOJIHOM HArpy3KOi (PEe>KMMbl BHELIHEH CKOPOCTHOM
XapaKTEPUCTHKH ) UCCIIEAYEMOTO IBUTATENS MPU €r0 SKCIUTyaTallid B YCIOBUSIX
WHTEHCUBHOTO TOPOJACKOrO JBHXKEHUS cOCTaBiseT okono 30% ot oluiero Bpe-
MEHH 3KCIUTyaTaLHH.

2. Hauny4ime mokasaTesd TOMJIMBHOW SKOHOMUYHOCTH M TOKCHUYHOCTH
0TpabOTaBIIMX Ta30B UCCICAYEMOTO aBTOMOOMIIBHOTO T'a30BOr0 JBUTATENs AO-
CTUralOTCsl Ha PEKUMAaxX BHEIIHEH CKOPOCTHON XapaKTepUCTUKHU. B CBs3U ¢
ATUM, ISl JOCTHKEHUST HAWTYUIIMX JKCIUTYaTallMOHHBIX MMOKa3aTeNei nuccuemy-
€MOro aBTOMOOMJIBHOTO Ta30BOTO ABUTATENS LEIECOOOPA3HO 00ECIIEUUTh €ro
paboTy Ha peKUMax ¢ MOJHOM HArpy3KOH.

3. Takoe ynyulieHHE >KCIUTyaTallMOHHBIX MOKA3aTeNei TOMIMBHON 3KO-
HOMMYHOCTH ¥ TOKCUYHOCTH OTPAOOTABIIMX ra30B UCCIEAYEMOrO aBTOMOOMIIb-
HOIO Ta30BOTr0 JBUTATENS MOXKET OBITh 00ECIEYEHO MYyTEM OTKIKOYCHHS YacTH
HWIMHAPOB U pabOThl OCTAJBHBIX IUJIMHAPOB HA PEKUMAX C MOJHON Harpys-
KOM.

4. Ilpu peanm3any 3TOT0 METOJAA OTKIIFOUEHUSI IWIMHIPOB HEOOX0auMa

OIHOBPCMCHHAs pCain3anusa MCTOA0B CHHOKCHUA BBI6pOCOB OKCHIOO0B a30Ta.
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Hcnosb30Banue pacTUTENBHBIX MACeI B Ka4ecTBe 100aBOK
K He(PTSIHOMY JH3€JIbHOMY TOILTHBY

B.A. Mapkos!, C.H. Jlesaunn?, C.A. 3uixos?, C.C. JIo6oaa', Ca Bosoun!
IMI'TY um. H.3. Baymana, 2 PTAY-MCXA um. KA. Tumupsisesa
Use of Vegetable Qils as Additives to Petroleum Diesel Fuel

V.A. Markov!, S.N. Devyanin?, S.A. Zykov?, S.S. Loboda!, Sa Bowen!

! Bauman Moscow State Technical University, > RGAU-MSKhA named after K.A. Timiryazev

Axmyanenocms  cmamvu  00YClOGIeHA  HEOOXOOUMOCMbIO  3AMelyeHUs]
HepMANHBIX MOMOPHBIX MONIUE MONIUBAMU, NPOUIBOOUMBIMU U3 AIbINEPHAMUG-
HBIX CbIPLEGLLX PECYpCos8, d mMakdice HeoOX00UMOCMbIO HAYUMETLHO20 YiIyHuLe-
HUSL OKOJIO2UYECKUX NoKazamesell ogueameneti GHympenne2o ceopanus. B cma-
Mbe NOKA3AaHbl NePCNeKmusbl NpuMeHeHus Ouomoniue 6 ouseisax. llpeocmaeie-
Hbl pe3yibmamsl SKCNEPUMEHMANIbHBIX Uccieooeanuil ousens muna J[-245.12C
HA HeMANOM OUZETILHOM MONIUBE U €20 CMecsaXx ¢ 00OABKAMU PACMUMENbHBLX
macen. Tlokasana 603MOMCHOCMb YIYHULEHUSI DKOJIOSUYECKUX NOKA3ameetl Ou-
3eji51 MpU UCNOAB30GAHUU YKAZAHHBIX cMecesbix buomonius. [Ipeonoocena me-
MOOUKA ONMUMU3AYUYU SMUX cymecell, bazupyiowasics na onpeoeieHun 0000-
WeHHO20 Kpumepus, ONMUMAIbHOCMU, GbIYUCISEMO20 6 GUOe CYMMbl YACHHBIX
Kpumepues, Xapaxmepuzyiomux KOHYEHMpayuo HOPMUPYemMviXx MOKCUYHBLX
KOMNOHEHMO8 8 Ompabomasuiux 2azax. Beinoanenv: onmumuzayuonivie pac-
yemel cocmasa ouomonausa ois ousens J-245.12C. Ilpeocmasnenvt 3a6ucumo-
cmu 8b10pOCO8 ¢ OMPAbOMABUIUMY 2A3AdMU Ou3eell 08YX Haubojee 3HAYUMbIX
MOKCUYHBIX KOMNOHEHMO8 OMPAOOMASULUX 2d3068 Ouseliell — OKCUO08 d3omd U
casicu Om CoOepIUCAnUsl AMOMOE KUCIOPOOd 8 MOJIEKYIAX PACCMAMPUBAEMbIX
cmecesvlx OUOmMoniuG.

KaroueBble caoBa: ouszenvhwuili Ogueameiib, HepmsaHoe OuszeivHoe MONIuso,
pacmumesnbHoe Macilo, NOOCOIHEYHOE MACIO, JBHAHOE MACII0, TOPIHIHOE MACJIO,

PBLK HKOBOC MAcCJjIo, CMeCeBoe OUOMONIUBO
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The relevance of the article 1s due to the need to replace oil motor fuels with

fuels produced from alternative raw materials, as well as the need to significant-

ly improve the environmental performance of internal combustion engines. The

article shows the perspectives for the use of biofuels in diesel engines. The re-

sults of experimental studies of diesel type D-245.12 S on petroleum diesel fuel
and 1ts mixtures with additives of vegetable oils are presented. The possibility of
mmproving the environmental performance of diesel using these mixed biofuels.

The method of optimization of these mixtures based on the deternunation of the

generalized optimality criterion calculated as the sum of the partial criteria

characterizing the concentration of normalized toxic components in exhaust
gases 1s proposed. Done optimizing and adjustment-tional calculations of the
composition of biofuels for diesel engine D-245.12 S. The dependences of the
emussions of two most significant toxic components of the exhaust gases, nitro-

gen oxides and soot, from the content of oxygen atoms in the molecules of the
considered mixed biofuels with the exhaust gases of diesels are presented

Key words: diesel engine, petroleum diesel fuel, vegetable oil, sunflower oil,

linseed oil, mustard oil, camelina oil, biofuel mixture

MHPOBJIEMbI U TEPCITEKTUBBI UCITIOJIL3OBAHUA BUOTOILJINB
B IN3EJIAX

B nocneanue roapl paciimpsercs NPUMEHEHUE OMOTOIJIMB B JIBUTATEISIX
BHYTPEHHETO Cropanus. 310 00yCIOBIECHO BO30OHOBIISIEMOCTBIO ChIPHEBOM Oa-
3bI JUUISl UX MPOM3BOJICTBA U XOPOIIUMH SKOJJOTHYECKUMH KaUYeCTBAMU KaK CaMHUX
OMOTOMJIMB, TaK M JBUTATENCH, paboTarmux Ha 3TuX OuotomauBax. [lpu uc-
NOJIb30BAHUHY 3THX TOIJIUB MOKA3aTENH TOKCUYHOCTH 0TpadoTaBimx razos (OI')
aU3erei 3aMeTHO yiydmaroTcs. Cpenn OMOTOINMB, HAIEAINUX HauOONbIIEE
MPUMEHEHUE B TU3EINSIX, CIACAYET BBIJCIUTh PACTUTEIBHBIC MAC/ia U X MPOU3-

BOJHBIE — METHWJIOBBIMA, 3TUIOBBIA W OyTHIOBBIN 3¢Qupsl. [Ipomomkarorcs uc-
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clieIoBaHus PadOThI AU3ENICH HA PACTUTEIBHBIX MAC/Iax U KX CMECAX C APYTUMU
TOIJIMBAMHU, B OCHOBHOM € HEPTSIHBIM au3enbHbM TomuBoM (T) [1, 2, 3].
[IpuMeHEHHE PACTUTENBHBIX MACET B KAYECTBE CAMOCTOSATEIBHOIO M-
3€JIbHOTO TOIUIMBA 3aTPYIHEHO M3-3a pa3nuuvii (PM3HKO-XMMHUYECKHX CBOWCTB
atux Macea u HedrsHoro T. 310 compoBokmaeTcs npoOieMaMK, BO3ZHUKAIO-
IUMU Npyd QYHKIIMOHUPOBAHUY JM3ENICH HA pacTUTENbHBIX Maciax. K HuM OT-
HOCSTCS TUIOX0€ KA4€CTBO MPOLIECCOB TOIUIMBOIOAAYN U PACTIBUTMBAHUS Macel,
BBI3BAHHOE X BBICOKHMH BSI3KOCTHIO M TUIOTHOCTBIO, & TAKKE OTMEUYAEMBIC MTPU
JUTATENBHON paboTe Ha 3TUX MAcC/iax KOKCOBAHUE PACHBUTUTENCH U aeTalleH, 00-
PA3YIOIIMX KaMEpy CrOPaHMsl, HaApyLIEHHE MOJBMKHOCTH MOPIIHEBBIX Koell [4,
5, 6]. B cBs3u ¢ 3TUM IpeaCTaBISCTCS LEAECO00PA3HBIM UCIOJIB30BATh PACTH-
TEIbHBIE MACJIa KaK SKOJIOTMYECKY0 100aBKy k HerssHomy T [7, 8, 9].
[Ipu aHamM3e BO3MOXKHOCTEH MPUMEHECHHS PA3TUYHBIX PACTUTEIBHBIX Ma-
Cell i1l MPOM3BOACTBA OMOTOMUB B Poccun 0OBIYHO paccMaTpUBAIOT ParicOBOE
WM TIOACOJIHEUHOe Macia [1, 2, 4]. Bmecte ¢ TeM, CTpykTypa mpOU3BOJCTBA
pacTUTENBHBIX Macen B Poccum TakoBa: aons noacoiaHeuHoro macna (IIM) B
o01meM 00BEME POCCHIICKOTO MPOU3BOJICTBA Macen cocTaBisieT 86,84 %, coeBo-
ro — 7,96 %, pancoBoro (PM) — 4,84 %, ropununoro (I'M) — 0,11 %,

ocTaJIbHBIX Maced (JIbHstHOTO (JIM), KyKypy3Horo u ap.) — 0,25 % [10].

PE3VJBTATHlI SKCHEPUMEHTAJIbHBIX MCCJEJIOBAHUI JIH-
3EJIAA, PABOTAIOIIEI'O HA PACTUTEJIBHBIX MACJIAX U HUX
CMECHAX C AN3EJBbHBIM TOILIMBOM

B paborax [11, 12, 13] y>xe npUBEACHBI PE3yJIbTAThl HCCIAEAOBAHUAS OTE-
YECTBEHHOI'O aBTOTPAKTOPHOrO AM3EN Ha cMecsx HedrsHoro T ¢ 3tuMu mac-
JamMu. OTH JAHHBIE TOMYYEHBI MPW WcnblTanusx amsens J[-245.12C (4 YH
11/12,5). Drotr nBurarens TpPOM3BOACTBA MHMHCKOTO MOTOPHOTO 3aBOJa ycCTa-
HOBJICH Ha MAJIOTOHHAXXHBIX Tpy30BHKax 3uJI-5301 «be1oky, a ero moaupuka-

M — Ha aBToOycax [TaBIOBCKOro aBTOMOOMILHOIO 3aB0ojJIa U TpakTopax «be-
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Japych» MHUHCKOrO TPakTOPHOrO 3aBOAA. JTOT AM3EIb UMEET MOJIYPA3IACIICH-
Hyto kamepy cropanuss tana [[HWJIM w B Hem peanusyercs 0OBEMHO-
NJICHOYHOE cMeceoOpaszoBanue. Mccnenoansl cMecn HedsiHOro T mapkum JI
(netnee) mo 'OCT 305-82 ¢ HeGompmmM kosmuecTBOM (10 10 % no o0bemy)
Pa3IMYHBIX PACTUTENBHBIX Macesl. HEKOTOphIe CBOMCTBA 3TUX TOIUIMB IIPUBE/E-

HBI B Ta0mute 1.

Tabmuia 1

DU3UKO-XUMHYECKIE CBOMCTBA HNCCIICAYCMBIX TOILJIMB

Bun tormmisa

95 %

CBolcTBO 95% AT | 91 % AT 95 % JIT | 90 % AT T+ 90 % AT
AT | JM + + ™M + + ProxkM 5o +
5%JM | 9% JIM 5%ITM | 10%TM PNE 10 % PM
LLi0THOCTS I1pu TeMepaType 830 | 912 834 837 |9200] 835 839 910 834 838
20 °C, xkr/m
BAsoCTs KHeMATIHeCkat pi | 3¢ | 59 | 45 60 |700] 50 7.0 577 | 44 58
temreparype 20 °C, mm?/c
TernoTa cropais HH3 A, 425|376 | 422 420 |372] 421 41,9 375 | 422 | 420
MJTx/KT
[leranoBoe umcio 45 38 - - 35 - - 37 - -
KommuecTBo Bo31yxa, HE0OX014-
Moe Jiist cropaHus | Kr BemiecTBa, | 14,31 | 12,62 1423 14,16 12,44 14,19 14,11 12,52 14,23 14,13
KT BO3JTyXa/KT TOTUIVBA?
Conepxanue, % 110 Macce:
C 870 | 77,8 86,5 86,2 77,1 86,5 86,0 77,6 86,5 86,1
H 12,6 | 12,0 12,6 12,5 11,8 12,5 12,5 11,8 12,6 12,5
O 04 | 102 0,9 1,3 11,1 1,0 1,5 10,6 0,9 1.4

Ipumeuanue. IIpodepk «—» O3Ha4aET, YTO CBONCTBO HE OINpPEAENsIOCh, I CMeCel yKa3aHo
00BbEMHOE MPOLIEHTHOE COMePKaHNEe KOMIIOHEHTOB

Jlu3enb UCCIIeNOBAIA B PEXKAMAaX BHEIIHENH CKOPOCTHON XapaKTEPUCTUKH
u 13-pexxumuoro ucneitatenbHoro nukina ECE R49 Tpasun 49 ESK OOH (Ee-
PO-2) C YCTaHOBOYHBIM YTJIOM OMEPEKCHUsI BOPBICKABAHWS TommBa 6 = 13°
ITIOBOPOTA KOJICHYATOTO BaJIa IO BEPXHENH MEPTBOM TOYKH U HEU3MEHHBIM I10JI0-
JKEHUEM YIIOpa NO3MPYIOLICH PEHKHM TOIUIMBHOIO HACOCA BBICOKOTO JABIICHUS.

Pe3ynpTarel 3THX UCCIEA0OBAHN TPUBEACHBI B TAOHLE 2.
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Tabnuna 2
[Tokazarenu muzens J[-245.12C, paborarowmero Ha HedTsHOM (T 1
€r0 CMECSIX C PA3JIMYHBIMU PACTUTEIILHBIMU MacCJlaMu

ITokaszarennb Tomnmeo
AT 95 % 91 % AT 95% |90% AT | 95% [90% AT
AT + AT + AT + + AT +
5% JIM 10 % + 10 %
9 % JIM 5%TM| TM 5%PM| PM
Yacosoii pacxon Tormmsa Gy, KI/d 20,10/ | 20,18/ | 20,24/ | 20,00/ | 20,17/ | 2025/ | 20,19/ | 20,23/
13,10 13,13 13,28 13,00 13,13 13,22 13,16 13,30
KpyTtsmmit Moment ausenst M., H-M 322/ 321/ 319/ 321/ 321/ 318/ 318/ 317/
368 366 367 364 366 363 363 358
VYaemeuerii 3¢ ¢exTuBHBIN  pacxox| 2484/ | 2508/ | 252,1/ 2482/ 250,1/| 2534/ 2521/ 253,6/
TOITHBA g, T/(KBT-1) 226,2 228,9 230,1 226,2 228.9 2319 230.1 2359
O¢pdexrusnbrit KT amsens ne 0,341/ 0,340 0,340/ | 0,341/ | 0,341/ | 0,339/ | 0,338/ | 0,338/
0,374 0,373/ 0,373 0,374 0,373 0,370 0,371 0,363
Jemvaocts O Kx, % mo mxame | 16,0/ 12,0/ 11,0/ 17,0/ 15,0/ 12,0/ 16,0/ 15,0/
Xaprpumxa 43,0 37.5 36,0 42.0 38.0 36,0 39,0 37,5
HHarerpampHble HA pekmMmax 13-
PSOKHMHOTO THEKNIA (YCAOBHBIC) 3(b-
()CKTUBHBIC MOKA3ATCITH IBUTATCIIA.
- 3((eKTHBHBIH PAcX0J TOILUIMBA .
yor, T/(KBT1) 24797 | 24872 | 25226 | 244,63 | 247,17 | 251,08 | 250,22 | 255,57
- 3¢ pexrusHbL KIT e yor 0,341 0,343 0,340 0,346 0,346 0,342 0,341 0,335
HHrerpampHble Ha pekmMmax 13-
PSKHMHOTO LHKIA YACTBHBIC MAcCo-
BBIC BEIOPOCHL, T/(KBT-1):
- OKCHJZIOB a30Ta exox 7,018 6,230 6,441 5911 5,760 5,689 5,783 5,341
- MOHOOKCHZIA YTIACPOA eco 1,723 1,631 1,511 2,184 2,140 2,068 2,127 1,853
- HECTOPEBIIMX YTIICBOJOPOIOB €CHx 0,788 0,695 0,664 0,675 0,602 0,561 0,660 0,585

Ipumeuanus: B duciautene ykasaHbl 3HaU€HUs AJI PeKUMa MaKCUMaJbHOM MOINHOCTH, B
3HaMEHAaTeJle — MAKCHUMAJIBHOIO KPyTSLIEr0 MOMEHTA BHEIIHEW CKOPOCTHOM XapaKTepUCTH-
ku. Ilpu ucnelTaHusAX Au3ens U3MEHSUIUCh €ro PeryJUpOBKU. 3HaUEHUs, IPUBEIEHHbIE B IIEp-
BOM—TPEThEM CTOJOIAX, MOJYYeHbl HA MEPBOM STarle UCIBITAHUN OBUTATENsT Ha HEPTSIHOM
AT u ero cmecsx ¢ JIM, a 3Ha4eHUs1, MPEJCTABICHHbIE B YeTBEPTOM—IEBITOM CTOJOLAX, —
Ha BTOPOM 3Tane ucnbiranuii nusens Ha HedrsaoM T u ero cmecsax ¢ I'M u PookM (mocne
U3MEHEHUS] PETYIHPOBOK).

OoNnTNMM3AINA COCTABA CMECEBBIX BUOTOIIJINB

AHanmu3 pe3ysbTaTOB AKCICPUMEHTAJIBHBIX HCCACA0OBaHUM nuzens [l-
245.12C, padoTtatouiero Ha HedrsiHoMm T u ero cMmecsx ¢ PM, noka3sIiBacT, 4To
3aja4a BbIOOpA ONTUMAJIBLHOTO COCTAaBA CMECEBOr0 OMOTOIUIMBA HE UMEET OJTHO-
3HAQYHOI'O PeIIEHUs. ITO 00YCIIOBICHO TEM, YTO padoTa AU3eNs XapaKTEPU3yeTCs
LEBIM KOMITJIEKCOM MOKa3areneil (Kputepues) TOKCMUHOCTH O — HOpMupye-

MBIMHU BbIOpOCcaMu OkcuaoB azora NOx, MmoHookcuaa yriuepoaa CO, Jerkux He-
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cropeBinx yriieogopoaoB CHy u TBepapix 4actul win caxu (yriaepona) C
(meiMHOCTBEIO OI'). TpeboBanus K BEIOOPY ONTUMAIBHOIO MO TaHHBIM KPUTEPHU-
AM COCTaBa TOIUIMBA 4YacTO MPOTHBOpedYar ApPYr Apyry. B pesynprare 3amaua
BBIOOPA ONTUMAJIBHOTO COCTaBA CMECEBOI0 OMOTOIIMBA CTAHOBHTCS MHOTOKPH-
TepUANBLHOW ONTUMU3ALMOHHON 3anaueil [14]. B manHo# padoTe mpemioskeHa
METOJIMKA ONTUMHU3ALMU COCTABA CMECEBOI0 OMOTOIUIMBA — CMECEH HEPTIHOTrO
JT ¢ uccrnenyeMbIMi paCTUTETBHBIMHA MACJIaMHU, TOCTPOECHHAS! HA COCTABIICHUU

0000MEHHOTO AINTUBHOTO KPUTEPHUST ONITUMATIBHOCTH
(D

rae Jyo» Jco> Jen,» Jx, - YACTHBIC KPUTEPHH ONTUMAIBHOCTH [0 BEIOPOCAM

Jo = tyo JIno, T Aco’co +cn Jen, Tk Jk

X’

COOTBETCTBEHHO OKCMIOB a3oTa NOy, MoHOOKcHAa yriepona CO, nerkux He-

cropeBumx yrinesonoponos CHy u caxu C (apmmuoct OI' K.); dyo > dcos
ey > dg, — BECOBBIC KOID(UIHMECHTHI YACTHBIX KPUTCPUEB ONTUMATBHOCTH.

VYKa3aHHBIE BECOBBIE KOA(P(PUIUEHTHI BEIOPAHBI C YYETOM JTaHHBIX PAOOTHI

[15], B KOTOPO# TOKCUKOJOTHYECKAs 3HAUAMOCTh TOKCHYHBIX KOMITIOHEHTOB Ol

— NOy, CO, CHy, caxu (apiMHOCTH OI') — OIICHMBAIOT, KaK OTHOUICHUE
1:41,1:1:3,16:200. C y4eTOM 3THX JAaHHBIX BBIPOKEHUE (1) MPUHUMAET BU]T

Jo =4L1 o +1,0J06 43,16y +200J . (2)

YacTHBIC KPUTEPUU ONTUMAJIBLHOCTH, BXOASIIUME B BhipakeHus (1) u (2),

MNPCJIOKCHO OIPCACIIATE HA KAXKAOM I-M PCKUMC € HUCIIOJIB30BAHUCM COOTHO-

LICHUHA
‘]NOX = €Noy i /eNOX w>Jco =€coi ! €co 3)
JCHX - eCHx i /eCHX ar> ']KX = KXi /KX/:[T:

T exo_ s €coi» oy i» Kx; — MAPaMETPsI Au3ers, paboTatoLIero Ha i-M TOl-

JMBE; €no xrs €coms €cty m> Ky €O MAPAMETPhI IPH paboTe HA HEPTIHOM

JT. B Beipakenusx (1) u (2) UCNOAb30BaHbl 3HAYECHUS WHTErPAIBHBIX BBIOPO-
COB TOKCHYHBIX KOMIIOHECHTOB B PEXKMMax 13-pe>KMMHOTO MCHBITATEILHOTO

nukina ECE R49 u 3nauenus apimHOoCcTH Ol B peKMME MAKCUMAIIBHOTO KPYTH-
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I[ET0 MOMEHTA BHEIIHEW CKOPOCTHOW XapaKTEPUCTHUKU, KOTOPBIE SIBJISIOTCS
Han0OoJee KpUTHYHBIMA. [Ipy 3TOM yUTE€HO, UTO TOMJIMBHAS SKOHOMHYHOCTh HC-
CIIEAYEMOTO U3€Nsl CPABHUTEIBHO CIa00 MEHSETCS NMPU U3MEHEHMH COCTaBa
paccMmarpuBaeMbix OuMoTorumB. [lo3TOMY NpH aHamM3€ CBOWCTB 3TUX TOIJIMB
MO>XHO TPUMEHSATH OOOOIIEHHBIA KPUTEPUH ONTUMAIBHOCTH, YUYMTHIBAIOLIMI
TOJIBKO MOKa3aTreau TOKCUYHOCTH OI'. 310T 0000IEHHBIA KPUTEPHIA ONTUMAITb-

HOCTH (2) Taxke yA00HO UCIOb30BATh B OTHOCUTEIILHOM BUJIC

Jo=Jdoi Mo (4)
[Ipyn pemieHrH ONTHMHU3ALMOHHON 3a/1a4k ¢ MOMOIIBIO BhIpAXEHUH (2) 1

(4) 0600UICHHBIN KPUTEPUH ONTUMATBHOCTH J, MUHUMHU3UPYETCSL.
[IpennokeHHas METOANKA IPUMEHEHA JUI ONITUMM3ALMKU COCTaBa CMecei
HegTsanoro AT ¢ macnamu (JIM, I'M, PancM) B nuzene /[-245.12C. Tlpu 31O0M
UCIOJIb30BaHbl SKCIEPUMEHTANBHBIE HaHHbIE TaOnm. 2. Pe3ynbpTarel pacuera

YACTHBIX KPUTEPUEB ONTUMAJIBHOCTH IO BBIPAKEHUAM (3) 1 0000IIEHHOTO Kpu-

TEPHs ONTUMAJIBHOCTH 10 popmynam (2) u (4) npuBeacHbI B Ta0nHLE 3.

Tabnuna 3
Ontumuszanus coctaBa cmecei Hedrsaaoro /T ¢ pa3muuHbIMu

pacTUTENIbHBIMKA Maciamu Juis ausens J1-245.12C

Bun Tonmnmsa Tlokaszarens gusesrt
eNox Jnox eco Joo echx Jeonx Kx Jrx Jo Jo
Cwmecu Hegpmanozo J[T ¢ JIM
AT 7,018 | 1,000 1,723 1,000 0,748 1,000 43,0 1,000 | 245,26 | 1,000
95% AT +5%JIM | 6,230 | 0,888 1,631 0,947 0,695 0,929 37,5 0,872 | 214,78 | 0,876
91% AT +9%JIM | 6,441 | 0,918 1,511 0,877 0,664 0,388 36,0 0,837 208381 | 0,851
Cmecu Hegpmanozo J[T ¢ I'M
AT 5911 | 1,000 2,184 1,000 0,675 1,000 42,0 1,000 [ 245,26 | 1,000
95% AT +5%IM | 5,760 | 0,974 2,140 0,980 0,602 0,892 38,0 0,905 224383 0,917
90 % AT +10 % I'M | 5,689 | 0,962 2,068 0,947 0,561 0,831 36,0 0,857 | 214,51 | 0,875
Cmecu Hegpmanozo J[T ¢ PoioeM
AT 5911 | 1,000 2,184 1,000 0,675 1,000 42,0 1,000 [ 245,26 | 1,000
95% AT +5%PM | 5,783 | 0,978 2,127 0,974 0,660 0,978 39,0 0,929 | 230,06 [ 0,938
90 % AT + 10 % PM | 5341 | 0,904 1,853 0,848 0,585 0,867 37,5 0,893 | 219,34 | 0,894

Pe?)y.HBTaTBI OonTUMM3aluK CBHACTCIILCTBYKOT O TOM, YTO AJId AM3CIIA I[-

245.12C, paboTaromero Ha MCCACAOBAHHBIX CMECSIX, MPU POCTE COAECPIKAHUS
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paccMaTpuBaeMbIX macen B cMecu ¢ HedrsHbiM J[T 3HaueHust 0000mIEHHOrO
KPHTEPHS. ONTUMAIBHOCTH .J, MOHOTOHHO yMEHBHIAIOTCA. Ilpm pabore Ha
nedranom T 0GOOLICHHBIA KpUTEpUil Jo, PaBEH EIMHHMIE, 4 MUHAMAILHOE
3HaYeHHe O0OOOIIEHHOr0 KPUTEPHs ONTUMATLHOCTH (Jo = 0,851) mOCTHrHYTO

npu ucnoJib3oBanuu cmecu 91 % nedrsnoro AT u 9 % JIM.

Jo Puc. 1. 3aBUCUMOCTEL 000OIIEHHO-
108 r0 KpPHTEPUS  ONTHMAILHOCTH
] 5 Jo OT 00BEMHOTO copepkanus Cy
094 o%u JAeHsHOTO (/), Topun4HOro (2) m

’ "~ 7%  PBDKHKOBOTO (3) Maces B CMECH C
| “2 HedrstabM JIT

08+———T———F——

0 2 4 6 8 Cm%

OOpamaet Ha ceOst BHUMAHUE U TOT (aKT, 4TO MO MEPE YBEIMUYEHHS CO-
nepxanus PM B cmecu ¢ HedTsHbIM [T 0000MIEHHBIH KPUTEPHA ONTHMATIBHO-
CTH Jo TOCTOSHHO MANAET, HO €r0 CHIDKEHHE HAMOOJIee 3aMETHO MPH HEGOIb-
oM coaepxannu PM B cMeceBoM OmoTommee (cM. puc. 5). B wactHocTH, npu
neperoae auzens J[-245.12C ¢ wedrsnoro /[T Ha cmech 95 % JIT + 5 % JIM
00OOIIEHHBIH KPUTEpU ONTUMAIBHOCTH J, yMeHbImaercs ¢ 1,000 mo 0,876, a
naneHeAnmi poct Cy 10 9 % NPUBOIUT K CHIDKEHHIO Jo mmb 10 0,851, O1o
CBUACTENBCTBYET O TOM, UTO Jaxe HeOobImas J00aBKa paCTUTEILHOIO Maciia B
HeTsHOE [T 3HAUMTENBHO yaydIIaeT MoKa3arenu ToOkcnuyHocTy Ol ausens.

OnpeneneHHblil HHTEPEC MPEACTABISIET 3aBUCUMOCTh BBIOPOCOB € OTpa-
OO0TaBIIMMM Ta3amMH JBYX HarOO0JIce 3HAYMMBIX TOKCUYHBIX KOMIIOHEHTOB OTpa-
00TaBIIMX ra30B AU3ENICH — OKCUAOB a30Ta U CAXKHU OT COACPKAHUS aTOMOB KHC-
JOpOJia B MOJIEKYJIaX PaCCMaTPUBAEMBIX CMECEBBIX OMOTOIUIMB. AHAIN3 3KCIIE-
PUMEHTANBHBIX AaHHBIX 1o am3ento J1-245.12C, pabotaromeMy Ha CMECIX
HegTsHoro T ¢ pancoeeim (PM) m noaconHeunsiM (IIM) macnamu (puc. 2),

MOKA3bIBAET, 4TO ¢ pocToM coaepxkanus [IM B cmecsax ¢ HedTsaabM [T 1 cooT-
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BETCTBYIOLIMM POCTOM COAEPYKAaHMs aTOMOB KMCIIOPOJIA B MOJIEKYJIAX CMECEBOTO
TOIUIMBA 3aMETHO YMEHBIIAOTCS BBIOpoCcH ¢ OI' AByx HamboJiee 3HAUMMBIX
TOKCUYHBIX KOMIOHEHTOB Ol nm3enell — OKCHIOB a30Ta M CaXH (JABIMHOCTH
OI') [2, 4]. Tak, B COOTBETCTBUU C JAHHBIMU pUC. 2.d, 6 C POCTOM MacCOBOIrO
coaepkanust atoMoB kuciopoaa B cmecax AT u PM ¢ 0,4 no 6,8% (¢ pocrom
oowvemuoro conepskanus PM B cmecsx ¢ [IT ¢ 0 mo 60%) ynenbHbIE MacCOBBIE
BBIOPOCHI OKCHJIOB a30Ta Ha pekuMax 13-peKMMHOTO LMKIA YMEHBUIMIIUCH C
7,442 no 6,597 r/(xkBt-4ac), a apimHOCTh OI' Ha peKMME MaKCUMAaIbHOW MOII-
HOCTH — ¢ 25 10 11% no wkane Xaprpumka. Pe3ynprarsl HCHIBITAaHANA au3ens []-
245.12C na cmecax [T u IIM (puc. 2.6, 2) NOKa3bIBAKOT, YTO POCT MACCOBOTO
coaepxkanust atromoB kuciopoaa B cmecsax AT u IIM ¢ 0,4 no 2,5% (poct 00b-
emHoro cogepxkanust [IM B cmecsix ¢ T ¢ 0 1o 20%) conpoBOKAACTCS CHUKE-
HUEM VACIbHBIX MAacCOBBIX BBIODOCOB OKCHAOB a30Ta Ha pexumax 13-
pesxxumMHOro 1ukia ¢ 6,630 no 6,078 1r/(kBT-yac), 1 yMEHBIICHUEM BIMHOCTH
OI' Ha pexxuMe MakcuMallbHOM MomHoCcTH — ¢ 20 1o 14% mo mkane Xaprpu-

JOKa.

eNoy» [(KBT-4) eNox s [(KBT-u)

N
o]
[}
7.4 o 6,6 \\°
7.2 6,5 A%
o \ : \
7,0 o 6,4
s N
\ N
6.6 o 6,2 \\
6,4 6,1 >
0 1 2 3 4 5 6 Co.% [
6,0 t
Ky, % 0 1 2 3 Cu.%
o e
24 \
22 \\
20 \\ K, %
18 20+——o
~
16 e 18
14 16 \
[ \ (o]
12 o 14 .
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Puc. 2. 3aBUCUMOCTb yACIBHBIX MACCOBBIX BHIOPOCOB OKCHJIOB a30Ta HA PEIKHU-
max 13-pexxumuoro mukia (a, ) u apiIMHOCTH Ol HA pekUME MaKCUMAIbHOH
MoIIHOCTH (6, &) nuzens J[-245.12C ot coaepkanus kuciaopoaa Co B MOJIEKY-
nax cmeceit HedrsiHoro AT ¢ PM (a, 6) u ¢ [IM (e, 0)

[IpencraBineHHbIe HA PUC. 2 JAHHBIE N0 CHUXKEHHMIO ABIMHOCTH Ol X0po-
110 COTJIACYIOTCS ¢ pe3yjbTaTaMu UcciaeaoBaHuid padot [16, 17] mo ABIMHOCTH
OI' mu3ens, padotaromiero Ha T w pazmuunbix >¢upax. JlaHHble 3THX padOT
NOKA3bIBAKOT, UYTO IM3€Nb, pabotarommii Ha HedTsHoM JIT, UMeeT ABIMHOCTB,
paBHYIO 55 % no wkane Xaprpupka. Ero neperoa Ha 3QUpbI, MOJIEKYJIBI KOTO-
peIx coaepxkar 6onee 25-30 % KUCIOPOAA, COMPOBOXKAACTCA CHIKEHUEM Ky 10

BEJIMUMHBI MeHee 1% 1o mkane XapTpuika.

BbIBO/IbI

1. TToxa3zana 1enecooOpa3sHOCTh MPUMEHEHHS PACTUTENIBHBIX MAacell B Ka-
4yecTBe KOJIornueckoil nodaBku k HedrssHoMy JT. Ilpm 3TOM paccMOTpeHbI
cmec HeTssHOTO [T C JIbHSAHBIM, TOPYMYHBIM M PDKUKOBBIM MacIaMH.

2. Ananmm3 pesynbraroB ucnelTannid gmsens J1-245.12C Ha cmecsx
He(dTsHoro AT ¢ 3TMMM MacinaMu NOATBEPANI BO3MOXKHOCTD YIIYUIICHUS MMOKA-
3areneit TokcnuHoCTH OI' — CHIKEHUS! BBIOPOCOB BCEX HOPMUPYEMBIX TOKCHY-
HbIX KOMIOHEHTOB OI': OKCHIOB a30Ta, MOHOOKCHJAA YIAEPOAa, JETKUX HECTO-
PEBIIMX YIJIEBOAOPOIOB M JBIMHOCTH Ol

3. IlpeanoskeHa METOIMKA ONTUMHU3ALUN COCTaBA CMECEH PaCTUTEIBHBIX
macen ¢ HeTsaaeiM [T, 3aKimrodaromascst B onpeacnecHu 0000IMEHHOTO KPUTE-
pHsl ONTHUMAIBHOCTH B BHJIE CYMMbl YaCTHBIX KPUTEPUEB ONTUMAIBHOCTH, Xa-
PaKTEPU3YIOIIUX BBIOPOCHI HOPMUPYEMBIX TOKCUYHBIX KOMIOHEHTOB Ol

4. Pe3yabTarsl ONTUMU3ALKAA CBUJETEBCTBYIOT O TOM, YTO JUIs au3ens Jl-
245.12C, paGoTaromiero Ha MCCIEIOBAHHBIX CMECSX, MPU POCTE COAECPKAHUS
PaCTUTEIBHBIX Macenl B cMecH ¢ HeTsaHbIM JIT 0000IEHHBIA KpUTEpUiA ONTH-

MaJIBHOCTA MOHOTOHHO YMEHbIIAETCS. Er0 MUHUMANbHOE 3HAUYCHUE Jo =0,851
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JOCTUTHYTO MPH UcnoJib3oBaHuK cMecu 91 % nedrsaroro T u 9 % JIM.

5. Jlaxxe HeOGonblmas gobGaBka pacTUTENbHBIX Macesn B HepTsHoe [T (B
KojmdecTBe 10 10%) NpUBOIUT K YBEIMUYCHUIO MAaCCOBOTO COJEPIKaHUSI aTOMOB
KHCJIOPOJa B MOJIEKYyJax Taukx cMmeceil (1o 1,2-1,4%), 4ro conpoBOKAACTCS

CHUWKEHUEM BbIOpocoB caxku (13-17%) u okcuoB azota (Ha 2-3%) ¢ O,
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I/IHTeraJ'ILHaﬂ TOKCHYIHOCTDH OTpﬂﬁOTaBIHI/IX ra3oB
TPAKTOPHBIX JAU3ejIeH B YCI0BUSIX JKCIIyaTaluH

B.A. Mapkos!, C.A. 3eixoB?, C.C. JIoGoaa!, A./l. lenncos?,
B.A. Heepos!, .B. Komesoii!

IMITY um. H.D. Baymana, 2 PTAY-MCXA uv. K A. Tamupssesa,
3 KonoMeHCKHH HECTHTYT MOCKOBCKOTO TIOJIUTEXHAIECKOTO YHHBEPCHTETA

Integral Toxicity of Exhaust Gases of Tractor Diesel Engines
under Operating Conditions

V.A. Markov!, S.A. Zykov? S.S. Loboda!, A.D. Denisov’,
V.A. Neverov!, I.V. Koshevoy!

! Bauman Moscow State Technical University, ° RGAU-MSKhA named after KA. Timiryazev, > Kolomna
Institute of Moscow Polytechnic University

Heobxooumocmy yiyuuienus noxazameiei moKCUYHOCmU ompadomas-
UWUX 24306 Ouselell CelbCKOXO3SANUCMBEHHbIX MAUUH OCMAemcs. aKmydaivHol
npob.emotl. Imu noKazamenu 3a8Ucsim Om pacnpeoeieHus Pelcumos pabomul
MPAKmopHuIX ouzeleli 8 ycioeusx sxcniayamayuu. l[lpuseoenvr pacnpeoeienus
srcnyamayuonnvlx pesxcumos pabomer ousensi CMJ/[-31 kombaiina Jlon-1500.
IIpoananuzupoeativi ucnvimamevlivie YuKivl, UCNONbIYEMbIE NPU ONpeoeseHUl
noxkazamejieli MOKCUYHOCHU OMPAOOMABULUX 2d308 OU3elell pa3IudH020 HA3HA-
yenus. lloxazano, umo sghghexmusHviM Memooom Odocmudicerust mpedyemvix
OKOJIO2UYECKUX NokaszameJieli ouseiell A6IAemest UCNONb308aHue cmeceli pac-
MUMENbHBIX MdAce]l ¢ HehMAHbIM OU3ebHbIM MONIUGOM. [Ipeocmasienvt unme-
epaibHble NOKA3Ameu MOKCU4HOCMuU ompabomasuiux 2azoe ouseis J[-245.12C,
pabomaioweco Ha cmecsx HepmaHoc0 OU3eIbHO20 MONIUBA C PANCOBLIM MdC-
JIOM HA PeCUMAX S-pedcumHoco U 13-pescumnoco ucnvlmamevhbiX YUKios.
Ommeyenvl cyujecmeentvie OMIUYUs UHMESPATbHbIX NOKa3amelel MOoKCUYHO-
cmu ompabomasuiux 2azo8 ouses, pabomaroue2o Ha PesCUMAax dMmux Yukios.
Tloxazana 803MOINCHOCHb UCNONB30GANHUS PEAHCUMA C HOMUHATILHOU YACMOMOT
spawgerusi u 50%-noti nazpyskoti 0Jisi OYyeHKU UHMeSPAIbHOU IKCHAYAMAYUOHHOT

MOKCU4YHOCMU 0mpa60ma6mux 2a308 OU3eJisl.

179



Kutouesvie crosa: mpakmop, OuseivbHulli  0gueamesvb, HepmsHoe

OuzeIbHOe MONIUBO, PANCOBOE MACTIO, CMece8oe DUOMONIUBO, UCTIBIMAMETbHBIT
YU

The need to improve the toxicity of exhaust gases of diesel engines of ag-
ricultural machines remains an urgent problem. These indicators depend on the
distribution of the modes of operation of tractor diesel engines in operation.
Given the distribution of operating modes of a diesel engine SMD-31 of the
combine harvester Don-1500. The test cycles used in determining the toxicity of
the exhaust gases of diesels for various purposes are analyzed. It is shown that
an effective method of achieving the required environmental performance of die-
sel engines is the use of mixtures of vegetable oils with oil diesel fuel. The inte-
gral indicators of toxicity of the exhaust gases of the D-245.12S diesel engine
operating on mixtures of petroleum diesel fuel with rapeseed oil at the modes of
5-mode and 13-mode test cycles are presented. Significant differences in the in-
tegral indicators of the toxicity of diesel exhaust gases operating at the modes of
these cycles are noted. The possibility of using the mode with the nominal speed
and 50% load to assess the integral operational toxicity of the exhaust gases of
the diesel is shown.

Key words: tractor, diesel engine, petroleum diesel fuel, rapeseed oil, bio-

fuel mixture, test cycle

PEJKUMBI PABOTBI IU3EJEN 1 UCHBITATEJIBHBIE IUKJIBI

XapakTepHoil 0COOEHHOCTHIO COBPEMEHHOTO ATaNa Pa3BUTHS JIBUraTee-
CTPOEHUS SBIIICTCS YKECTOUCHHUE TPEOOBAHMM K TOKCUYHOCTH HUX OTPadOTaB-
mmx razoB (OI') [1, 2]. DTO OTHOCUTCS HE TOJIBKO K AaBTOMOOWJIBHBIM JBUTaTe-
JISIM, SKCIUTYaTUPYEMbIM B YCJIOBUSIX COBPEMEHHBIX METANOJIUCOB, HO M K JIU-
3€JIBHBIM JIBUTATEIISIM CEMBCKOXO3SIMCTBEHHBIX MalvH [3, 4]. [Ipu 3TOM nokasa-

T TOKCHYHOCTH Ol IBUTaTesicii B 3HAYUTEIILHOM CTCIIEHU 3aBUCAT OT YCJIO-
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BHI DKCIUTyaTal[MH CEJIbXO3MAIIKWH, B TOM YKCJIE — OT UX MPEUMYIIECTBEHHBIX
AKCIUTYaTAlMOHHBIX PEXUMOB [ 1, 5].

Pexxumbl paboThl JBUTATENECH BHYTPEHHETO CrOpaHUsi BEChbMa Pa3HOO0-
pa3Hbl W 3aBUCAT OT XapakTepa dKCIUTyaTalud aBTOMOOWJICH, TPaKTOpPOB, IPY-
oMl CENbCKOXO3IMCTBEHHON TEXHUKH. B 3aBUCUMOCTH OT HA3HAYCHUS JBUraTe-
JiL OH JKCIUTYaTUPYETCs HA PA3IUUYHBIX pekuMax. [IpuueM, TpakTOpPHBIE ABUTA-
TEIN UMEIOT HEKOTOPBhIE OCOOCHHOCTU pacnpeleyicHUus pEKUMOB PadoTHI [5, 6,
7, 8]. PacnipenencHue pe:KMMOB AU3EIIs, YCTAHOBJICHHOTO HA TPAKTOP WIH 3€p-
HOYOOPOUHBIA KOMOAQiH, 3aBHUCHT OT XapaKTCPUCTHUKU TOJS M YPOXKANHOCTH
CEIIbCKOXO3SMCTBEHHBIX KYJIBTYP, TEXHOJOTMYECKUX MPUEMOB IMMAXOThl WU
yOOpKH, OCOOEHHOCTEH CEIbXO3MalINHbI U CTUJISL €€ BOKAEHUS. [Ipu BbINOJIHE-
HUM CEJIbCKOXO35MCTBEHHBIMU MALIMHAMU TPAHCIIOPTHBIX ONEpaLuii, pacupeae-
JIEHUE PEKUMOB pabOThI AU3EIS ONMPEAEISICTCS, B IEPBYIO OUEPEb, MPOPUIIEM
Y MIOKPBITHEM JOPOTH, a TAK)KE MACCOM IEPEBO3ZUMOTO Ipy3a.

B OCHOBHOM Ha pacnpeieiicHue PeKUMOB PadOThl TPAKTOPHOTO JTU3EIIS
BJIUSCT XapakTep BHIMOJHsACMbIX padoT. Hanbosnee xapakTepHbl TPAHCIOPTHHIE
Omnepalru U OCHOBHBIC TEXHOJIOTUYECKUE PEKUMBL. [Iph BEIIOJTHEHUU TPAHC-

NOPTHBIX pa0OT (ABM)KEHUE CENTbXO3MAILMH K MECTY PabOTHI)

JM3€ENb DKCIUYaTUPYETCS B IIAPOKOM JMAIA30HE YacTOT BPALICHUs, A
JI0J1S1 PEKMMOB € MOJTHOM MoJavel TOmMBa (peKUMbI BHELTHEH CKOPOCTHOM Xa-
PAKTEPUCTUKU ) COCTABIISECT JIULIb 2-3 %. Psii TEXHOIOrMUECKHUX onepanuii Tak-
JKE MPOMCXOAUT MpU PadOTe ABUTaTeis B JOCTATOYHO MIMPOKOM AMAMA30HE
CKOPOCTHBIX PE&KMMOB. Hampumep, BbIrpy3Ka 3€pHa B IPOLIECCE JBHKCHHUS
komOaiina Jlon-1500, ocHamennoro auzenem CMJI-31 (6 YUH 12/14), nposo-
JUTCSA Ha PEXXUMaX ¢ 4actoTamu BpamieHus n=1300-2100 mun!, npu cpeaneit
yacrote Bpamenus #n=1600-1700 mun™ (puc. 1,a) [9]. Ilpu 5TOM cpemHss SKc-
NJIyaTalroOHHAas MOIIHOCTE asurarens coctasiseT 80-90 % ero monHoi mord-

HOCTH. [IpM BBIMOJHEHWHM OCHOBHBIX TEXHOJIOTMYECKUX oOnepanuid (mpsMoe
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KOMOalHUPOBAHUE, TAX0Ta U JIP.) IU3€]lb pad0TacT, B OCHOBHOM, Ha PEXKUMAX C
0O0JBIION YacTOTOM BpauieHus (BOJIHM3M MPEACITBbHON PEryIATOPHON XapakTepu-
CTHKH) cO cpenHeit 3arpy3koi 70-80 % (cm. puc. 1,0) [9]. [lpakTuka skcrnya-
TalUy Pa3IUYHbIX TPAHCIOPTHBIX CPEACTB M CEIbCKOXO3SMCTBEHHBIX MAIIWH,
TaKke onyOJMKOBAHHBIC JaHHBIC [S5, 6, 7, 8] CBUAETENBCTYIOT O TOM, YTO KaXK-
JIbIA SKCIUTYaTalMOHHBIN PEXUM UMEET CBOIO CEU(PUKY MPOTEKaHUs paboyero
NPOLECCA U BHOCHT CBOM ONMPEACICHHBIA BKJIaJ B MHTETPAIbHBIC TOKA3aTENH,

xapakTepusyromue TokcuuHocTh Ol 3a paccMarpuBaeMblii IEPUO SKCIUTyaTa-

LIUA JU3EIIS.
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Puc. 1. Tlona pacnpeneseHus 3KCIUTYaTAlMOHHBIX PEXXKUMOB PAOOTHI AU3EIS
CM/I-31 komoOatina Jlon-1500 mnst mpouecca BITPY3KH 3€pHa (a) U OCHOBHOTO
npoiecca YOOPKM KyKypy3bl (0). B kaxaom auana3zoHe U3MEHEHHS 4acTOThI
BpAILLCHWs ABUraTelsl /1 U HATPY3KH, XapakTEPU3YEMON IMONOKEHUEM /1, 103U-
PYIOLIETO OpraHa CUCTEMBbI TOTUIMBOMOAAYM (PEHKH TOIIMBHOTO HAcOCa) yKas3a-
Ha JI0J1s BpeMEHU paboThl 1u3ens (B %0) B 3TOM AMANa30HE

Cnenyer OTMETHTB, UYTO PEATBHBIC PACIPEACIICHUS PEKUMOB PadOTHI
TPAKTOPHOIO n3eiis (CM. puC. 1) MOTYT CYIIECTBEHHO OTJIMYATHCS OT PEKUMOB,
NPUMCEHSIEMBIX TPH OLEHKE TOKCHYHOCTH Ol uCHBITaTeNbHBIX LUKJIOB. S-
PEKUMHOTO HCHBITATEIBHOTO LUKIIA JU3ENEH CENTbCKOXO3SMCTBEHHBIX TPAaKTO-
POB (pHC. 2, a), peKUMOB 8-PEXKUMHOTO MCIBITATEILHOTO LUKIA cTaHaapta /SO

8178-4 nuzenei BHEAOPOIKHUKOB (PUC. 2, 0), a TAKXKE PEKUMOB JU3EIEH Ipy30-
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BbIX aBTOMOOWMIIEH 13-pesxkumuoro nukiia Hopm FCE RA9 (puc. 2, 2) [5]. B cBs3u
C 3THM HEOOXOAMMO MPOBECTH MCCIEIOBAHUE UHTETPAIbHOM TOKCHYHOCTH OT-

pa6OTaBIHI/IX ra3oB TPAKTOPHBIX JIN3EJICH B YCIIOBHAX DKCILIyaTaluu.

Me, % Me, % N\ Me, % N\

10 % 15 % 25% 10 %
8

=
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6@ o (D
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3 o,
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Puc. 2. CranmoHapHbIE LUKIIBI, UCIIONB3YEMBIE JUIS OLIEHKM TOKCMYHOCTH OI
JBUTATECH PA3JIMYHOrO HA3HAYECHUS. d — S-PEKUMHBIA LUK Ui AU3ENEH
CEJIbCKOXO3SMCTBEHHBIX TPAKTOPOB (I'epManus), 6 — 8-pe>KUMHBIA LUK IS
Iu3eNeil BHETOPOKHUKOB (HopMmbl [SO 8178 (1), 6 - eBponelickmid 13-
PEKUMHBIA LUK JUIs AM3ENICH TPY30BbIX aBToMoOWiIeh (HopMmbl FCE R49). B
KPY>KOYKaX yKa3aHbl JOJIM BPEMEHH pabOThl TU3€EMsl HA KOKIOM PEXKUME, PSAOM
C KPY’KOUKAMH YKa3aHbl HOMEPA pexxnMOB. Kaknplii Harpy30uHblid peskuM Xa-
PAKTEPU3YETCS KPYTALIMM MOMEHTOM M, OTHECEHHBIM K MOJTHOMY KPYTSIIEMY
MOMEHTY

UCCJIEJOBAHUE WHTETPAJIBHOII TOKCHYHOCTH OTPABO-
TABIIUX T'A30B TPAKTOPHBIX JIM3EJEN B YCJIOBUSIX DKC-
IUTYATAIINNA

HeitcTByronme B Hacrosmiee Bpems B CLIA, Anonuu, crpanax 3anaaHon
EBponel HOpMaTuBHBIE TOKYMEHTHI HA MOKazarenu TokcnuHocth O museneit
(Euro-4, Euro-5 u 1p.) yCTaHaBIMBAKOT MAKCUMAJIBHO JOMYCTHUMBIE YACIbHBIE
MaccoBble BbIOpockl ¢ OI' qu3eneil cneayronmx TOKCUHYHbIX BEIECTB. OKCHIOB
azora NOy, monookcuaa yriepona CO, HecropeBmmx yrieBoaopoaos CHy,
TBepAbIX yacTull wim caxku C [1, 3]. g ynoBiaeTBopeHus: TpeOOBaHUNA YKa3aH-
HbIX HOPMATHUBHBIX JOKYMEHTOB B JIBUTATEIECTPOCHUE BHEAPSIOTCS PA3JIAYHbIC

CPEICTBA U METOBI CHIKEHUS TOKCHUHOCTH OI'. OnHumM 13 3pPeKTUBHBIX Me-
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TOJOB JOCTH)KECHUSI TPEOYEMBIX 3KOJIOTHUECKMX IMOKa3aTenei auseneid, ycra-
HABJIMBAEMBIX HA CEIbXO3MAIMHBI, SBJSETCS MCMOJIb30BaHUE OWOTOILUIMB, B
YaCTHOCTH — CMECEH PACTHTEIBHBIX MAacel ¢ HE(PTIAHBIM IU3EIbHBIM TOMUIMBOM
(AT), B wactHoctm — pancoBoro macina (PM) [5, 10]. Jns moctukeHus
HanOombIIehH 3(PPEKTUBHOCTU CHIKEHUS BpeAHbIX BBIOpocoB ¢ Ol pazpabora-
HBI PA3JIMYHBIE METOAVKHA ONTUMU3AIMKU COCTaBA TaKWX TOIUMB [5, 11].

JUt onpeaeneHust SKCIUTyaTallMOHHBIX PEXUMOB, KOTOPBIE 1LiEnecoo0pas-
HO YUYMTBIBATH MPH ONTUMHU3ALKMNA COCTaBa CMECEBOTO OMOTOIUIMBA, PACCMOTPUM
HEKOTOPBIC UCTBITATENIbHBIC UKL, UCIOJIB3YEMBIE MPH OLEHKE TOKCUYHOCTH
OI' mu3eneii. B I'epmannn pa3paboTaH MATUPEKUMHBIA UCIBITATENIBHBIA UK
OPUMECHHATEIBHO K JU3EISIM CENbXO3TEXHUKU (pHUC. 2,a). OCHOBHBIM PEXUMOM
atoro mukia (31% BpemeHu padoThl) SABISIETCA PEKUM ¢ HOMUHAIBHOM 4acTo-
TOM BpalllEHUs! U BBICOKOW Harpy3koi (okosio 85% ot nosHoii Harpysku). Hc-
CIIEYETCA U PEXKUM XOJIOCTOr0 XOAa NpH 4acTtoTe BpameHust n=0,4 oy (12%
BPEMEHM PAOOTHI). DTOT LMK HE Y3aKOHEH, HO OH MCMOJB3YETC IJsl OLICHKU
TOKCHYHOCTH Ol qu3eneit cebCKOX03SIMCTBEHHBIX TPAKTOPOB.

Jlu3enu BHEJOPOKHBIX aBTOMOOWIIEH OOBIYHO HCIHBITHIBAOTCS HAa PEXKHU-
Max 8-peXMMHOro nukna (puc. 2,0). Ilpu 370M OLEHUBAETCS COOTBETCTBHE TO-
kazarenei TokcnuHoctn O nuseneit Hopmam /SO 8178 C1 (I'epmanust). 10T
[AKJI HAPSITy C PEKUMOM XOJ0CTOro Xoaa mpu n=0,3 ey (15% Bpemenu pado-
ThI) BKIIFOUAET CEMb HArPY30UYHBIX PEXKMUMOB MPHU JIBYX YACTOTAX BPALIEHUS KO-
JICHYATOr0 BAJIA — Moy U 1=0,6 Muon. [10JI1 HOMMHAIIBHOTO PEKAMA COCTABIISET
15% ot oOumiero BpeMeHH pabOThHI IBHrarelis, OO PEKAMa MAKCUMAITBHOTO
KpyTsamero momenra — 10% u nons pexuma xonocroro xona — 15%.

B EBpone nns ucnbiTaHuil nu3eneil Tpy30BbIX aBTOMOOWIIEH TPY30MOAb-
€MHOCTBIO Ooniee 3,5 TOHH ucnonb3oBaiics 13-pexumusbiii ik ECE R49 (puc.
2,6). DTOT LMKII BKIHOYACT 13 pEeXXMMOB: TPH PEKMMA XOJIOCTOrO XOAAa ¢ MUHH-
ManbHON 4YactoToi BpameHus n=0,25-0,3 nyey (Bcero 25% BpeMeHn paboThl),

STk Harpy304Hbix pesxxumoB (10, 25, 50, 75, 100% Harpy3ku) npHd HOMUHAJIb-
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HOW 4acCTOTE BPALLEHUS Myoy W MATH HArPY304HBIX pexkumoB (10, 25, 50, 75,
100% Harpy3ku) Mpy 4acTOTE BPAIICHUS Mmax=0,0-0,7 Myoy, COOTBETCTBYIONICH
MAaKCUMAIbHOMY KPYTALIEMY MOMEHTY JABUTATEIIS.

[IpencraBineHHbBIE UCTIBITATEBHBIE TUKIIBI UMEIOT CYLUECTBEHHBIE Pa3iu-
yus. B 13-pesxumuoM nukiie Tonbko 18% BpemeHu padoThl AU3ENs TPUXOIUTCS
Ha PEXKUMBI ¢ 00MIbIION YacToTO# BpameHus (85-100% oT HOMUHAITBHOI), a B 5-
PEKUMHOM LUKIIE — 69%. BO BTOPOM Ciydae 3TH PEKUMBI COOTBETCTBYIOT BbI-
NOJIHEHUIO TPAKTOPaAMM TEXHOJOTMYECKMX onepauuid (maxora m ap.). B 13-
PEKUMHOM LUMKIIE 55% BpeMeHH paObOThl MPUXOAUTCS HA PEKAMBI CO CPETHEN U
Oonbioit Harpy3koi (50-100% ot nomnHo#), a B 5-peskumMHOM 1mKie — 31%.
Otnuuaercsa S5-peKUMHBIN [IUKIT U MO JTOJIEH BPEMEHH, OTBOAMMON Ha pe-
JKUM XOJIOCTOrO X0J1a MPU MUHUMAJIBHOW 4acToTe BpauieHus (Tojibko 12% mpo-
TUB 25% B 13-pEKUMHOM LIUKIIE).

M3-3a yKa3aHHBIX OTIMYUN KCIIBITATENBHBIX LIAKJIOB, a4 TAK)KE B CBS3H C
TEM, YTO 3TH UCIBITATENIbHBIE [UKJIBI JTUIIb YCIOBHO OTPAXKAKOT PEAIBHBIE JKC-
IUTyaTallMOHHBIE YCIIOBHS 3KCIUTyaTallii TPAKTOPOB M JPYTUX CEIbXO3MALINH,
BO3HUKACT HEOOXOJMMOCTh CPABHEHHS MHTErpalbHON TOKcHuHOCTH Ol Tpak-
TOPHBIX JU3EJIEH MPU UCIOJIB30BAHUM STUX MCIBITATENBHBIX LUAKIOB. Lleneco-
00pa3HO TaKKE OMPEACIUTD OJIMH PEXKUM PAOOThI AU3EIISL, KOCBEHHO XapaKTepu-
3YIOIIMA 3KCIUTYyaTallMOHHYI0 TOKCUYHOCTH €ro OI'. IIpu nmpoBeacHun Takoro
MCCIIEAOBAHNS UCIOJIb30BAHBl 3KCIEPUMEHTANBHBIE JAHHBIE TO Au3ento [I-
245.12C (4 UH 11/12,5), padotarowmemy Ha cMmecsx HedrsHoro T m parncoBoro
Macja, npuBelcHHbIE B padoTax [5, 11]. Beibop 3T0oro ausens B Ka4ecTBE 00b-
€KTa UCCIIEeN0BaHUs OOYCTOBJICH €IIe M TE€M, YTO OH YCTAHAJIMBACTCA KaK Ha
rpy3oBeie apromooumn 3uJ1-5301 «beaok» m aBToOycChl [1aBIOBCKOrO aBTOMO-
omneHOTO 3aBoAA (I1A3), Tak M Ha TpakTophl «bemapycbk» MHHCKOTO TpakTop-
Horo 3aBoaa (MT3). [Tpoeaenslii B padotax [5, 11] ananu3 nmokasareneit uHTe-
rpaibHOM TOKCUMYHOCTH O’ yKa3aHHOro Au3ens Ha pexumax 13-pekMMHOro

UCIBITATENBHOTO KA HOpM ECE RA9 npenctasieH B Tabimue. 1.
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Tabmuma 1.
[Tokazarenu muzens tuna J1-245.12C, paboTaromero Ha cMecsax

He(bTHHOFO AN3CJIbHOI'O TOINIMBA K PAIICOBOIO Macjia Ha Pa3JIMYHBIX PCXKHUMAax

IMoxa3zaTenu ausens Oo0bemHoe conepxkanue PM B
cmecu ¢ AT, %
0 20 40 60

HHTerpanpHbie yaenbHbIe BBIOPOCH! TOKCHYHBIX KOMITO-
HEHTOB Ha pekuMax 13-peskuMHOro nukia, r/(kBr-4):

- OKCHJIBI a30Ta €NOx 7,442 | 7,159 | 7,031 | 6,597
- MOHOOKCH/JI YTIIEPOAA €Co 3,482 | 3,814 | 3,880 | 3,772
- HECTOPEBIIHE YIIIEBOTOPOIbI €CHx 1,519 | 0,965 | 0,949 | 1,075

HHTerpanpHbie yaenbHbIe BBIOPOCH! TOKCHYHBIX KOMITO-
HEHTOB Ha PEKUMAX S-peXMMHOTO LUKIa, I/(kBT1-1):

- OKCHJBI a30Ta €NOx 6,848 | 6,938 | 6,701 | 5,970
- MOHOOKCHJT YIJIEPOAA €CO 4726 | 5,158 | 5,084 | 4,743
- HECTOPEBIIUE YIIIEBOAOPOBI €CHx 3,310 | 1,784 | 1,460 | 1,556

Y nenpHbIE BBIOPOCHI TOKCHYHBIX KOMITOHEHTOB Ha PEXKHU-
Me ¢ n=uom U Mc=0,5 Mo max , T/(kBT-1):

- OKCHJIBI a30Ta €NOx 6,142 | 6,351 | 5,653 | 5,610
- MOHOOKCH/JI YTIIEPOAA €co 3,742 | 3,815 | 3,553 | 3,359
- HECTOPEBIINE YTIIEBOIOPOIbI €CHx 2,608 | 1,577 | 0,933 | 0,994

Onpenenenue 3tMX nokaszarenei 13-pexxumHoro nukna Hopm ECE RA9
MPOBEACHO C UCMOJIb30BaHUEM 00MEenpuHATOM Metoauku [1]. I1pu pacuete uH-
TErPAIBbHBIX YACIBbHBIX BEIOPOCOB TOKCHYHBIX KOMIIOHEHTOB Ol Ha pexxumax S-

PCKHUMHOI'0 UKJIA UCIIOJIB30BaHbl dHAJIOTHYHBIC COOTHOLICHMWSA BUAA.

5 5 5
Y ENoxi K ZIECOI' ‘K > Ecnxi - Ki
eNOx =5 . eco="5 >  ecHx='s . (D)
2N K; > Ngi-K; 2 NeiK;

i=l i=l i=l

rae Inox, Eco, Ecax — 4aCOBBIE MACCOBBIE BBIOPOCHI TOKCHUYHBIX KOMITIOHEHTOB
HA OJHOM M3 PEKUMOB; K; — BECOBOH KO3(PPUIMEHT (OTPAKACT IOJIF0 BPEMEHU

3TOoro pexuma), X(N.rK;) — YCIOBHas CpedHsisi MOLIHOCTh AM3eNs 3a 5-
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PEKUMHBIA MCObITaTEbHBIA UK. [Ipu pacueTe yAeNbHBIX MacCOBBIX BBIOPO-
COB €Nox, €co, €crx HCXOJHBIC JAHHBIC, TOJYYEHHBIE MJiI PEKAMOB 13-
PEKUMHOTO [MKJIA, ObUTA MHTEPMOJUPOBAHBI JUISI PEKUMOB S-PEKUMHOTO ITUK-
na. [Ipyr 3TOM UCHOIB30BaHBI CICAYIOLIME COOTHOLICHU I pacyeTa YaCOBBIX
MaCCOBBIX BBIOPOCOB TOKCHYHBIX KOMIMOHEHTOB Ol Fxox, Eco, Ecnx HA OCHOBA-
HUU JAHHBIX 10 UX 00beMHOMY cogepkaHuto B OI' Cnox, Cco, Cenx [1]:

ENOX = 0,001587 CNOXGOFKBJ'IZDK ; ECO = 0,000966 CCOGOFKBIIZDK ;

Lepx =0,000478 CopxGorKpna » (2)

e Kunax=1,0-1,85(Grom/ Geyxosn) — KO3DPHUIMEHT, YUUTHIBAOIINI BIAKHOCTh
BO3AYXA (Gromn — PacXo/ TOIHBA;, Geyx posy — PACXOJ] CYXOTO BO3/YXA).

AHanK3 NOMYYEHHBIX PACUYECTHBIX AAHHBIX (Ta0. 1) MOKa3bIBAET, YTO HMH-
TerpaibHble MokazaTenu TokcuuHoctu O mmzens J1-245.12C, paGoraromux Ha
cmecsx HedraHoro T ¢ pancoBelM MacioM Ha PeKHMAX PAcCMaTPUBACMBIX
LIUKJIOB, MMCKOT CYIIECTBCHHbIC OTJIMYMS. B dYacTHOCTH, Ha pexumax S-
PEKMMHOTO LMKJIA [U3€]b UMEET MEHBIINE WHTETPAIBHBIE BBIOPOCHI OKCHIIOB
a30Ta exox, (Ha 3-10%), HO MOBBIICHHBIE BEIOPOCH MOHOOKCHA YIJIEPOAA €co
(Ha 20-26%) 1 HECTOPEBIINX YITIEBOAOPOJOB echx (Ha 30-54%) mo cpaBHEHUIO €
paboToil Ha pexkumax 13-peKUMHOIO HMUKIA. ITO CBS3aHO C OOJbIICH momei
PEKUMOB C BBICOKOM HArpy3Koi B 13-peXKMMHOM LIUKJIE.

Kak oTMeueHo BbIlIE, JUII YMEHBIICHHAS TPYJOEMKOCTH UCHBITAHWH, NPU
OLIEHKE MHTErpaibHON TOoKcHuHOCTH OI' Ha pekuMax 3TOro HUKIA, LENeco00-
pa3Ho BbIOpaTh OAWH HAMOOJEE MPEACTABUTEIIbHBIA PEXXUM JU3ENS, KOTOPHIMA
KOCBEHHO XapaKTEPHU3YET MOKa3arenu TOKCUYHOCTH O, pacCUMTaHHBIC MO CO-
OTHOIIEHUsIM (1). AHAIM3 MOJYYEHHBIX C UCIOIB30BAHUEM 3TUX COOTHOILICHUH
PE3YABTATOB M JAaHHBIC puc. 1,6 MOKA3bIBAIOT, YTO B KAUYECTBE TAKOTO PEKMAMA
LEJIECO00PA3HO BBIOPATh PEXUM C HOMHHAJIBHOW 4acTOTON BpalucHus u 50%-
HOW Harpy3koil. [[ist 3Toro pesxuMa yIenbHbIE MAaCCOBBIE BBIOPOCHI TOKCHYHBIX

KOMIOHEHTOB eNox, €C0, ecix ONMPEACISUTUCH 10 (JopMyJIam:
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_ INox - Eco . Echx 3)

eNOx = N, €co = N, €CHx ~= N
e e e

rae Exox, Eco, Ecnx — 4aCOBBIE MACCOBBIE BBHIOPOCHI TOKCUYHBIX KOMITOHEHTOB
OI' Ha paccmaTpuBacMoM pexkume; N, — 3QPeKTUBHASI MOIIHOCTh IBUraTesl HA
3TOM peKUME. PacdyeTHbIC 3HAUEHUS eNox, €co, €ctix CBEACHBI B Ta0M. 1.
[TpencrapneHHbie B Ta0a. 1 v Ha pUC. 3 AAHHBIE CBUAETEIBCTBYIOT O TOM,
YTO PEKUM PAbOTHI TPAKTOPHOTO AU3ENSI ¢ HOMUHAIBHOM 4acTOTON BpalllEHUs U
50%-Hoi1 HAarpy3Koi MOKET ObITh MCIOJL30BAH JJIsl OLIEHKH MHTETPaIbHOM TOK-
cuyHoctn OI' mBurarens B yCJIOBHSX pEalbHOM SKCIulyarauuu. HecmoTps Ha
UMEIOIIUECS Pa3iMuisl B 3HAUYCHUSAX YACIbHBIX BBIOPOCOB HOPMHUPYEMBIX TOK-
CUYHBIX KOMNOHEHTOB OI', MOJYYEHHBIX I S-PEKUMHOTO HCIBITATEIBHOTO
nUKna (puc. 2, a) U Ais pekuMa ¢ HOMUHAIBHON 4acToTON BpatieHus u 50%-
HOW Harpy3koH, XapakTep MOJYYCHHBIX 3aBHCHUMOCTEN 3THUX BBIOPOCOB OT CO-
nepxanust PM B cMmecu ¢ HedTsiHBIM [T BecbMa cxox (cM. puc. 3).
B03MOXXHOCTb UCITONB30BaHUS PEKMMA ¢ HOMWUHAIIBHOW 4acTOTOW Bpa-
meHuss U 50%-HOo# HArpy3KoM Juisi OLEHKH MHTErPAIbHON 3KCIUTyaTalMOHHOM
TOKCUYHOCTH Ol TPaKTOPHOTO IU3€SIs MOATBEPKAACTCS JAaHHBIMUA padoThI [12],
B KOTOPOH MPEATIOKEH 4-PEXKUMHBIA UCTIBITATEIbHBIA UK (pUcC. 4). OCHOBHBI-
MU PEKUMaMH 3TOr0 LIMKJIA SBJIAIOTCA IBAa PEKUMA C HOMHHAIBHOW 4acTOTOM
BpAIlICHHUS W Harpy3kamu, paBHbIMA 50 U 75% OT MOJIHOHM, HA JOJIKO KOTOPBIX

npuxoautcs 80 % Bcero BpEMEHM 3TOr0 UCIIBITATENIBHOTO LIMKJIA.

ecHy » M{KBT-4)

eco, MM{KBT-4) 3,2 ‘\
eNox» H(KBT-u) 5,2  — 7 2.8 \
— 1 4,8 24 AN -
oe N\
. 44 2,0 <
o4 T 2 \
\ 4,0 5 1,6 —
6,0 e — >
\ 3,6 \u 1,2 \/
56 ‘l“ 0 |\_0 \o——o
| | 3.2 i | 0,8 ] |
1} 20 40 Cpm, % 0 20 40 Cpy: % 0 20 40 Cpy, %
a PMs /o 6 PM: /0 e P %
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Puc. 3. 3aBUCHMMOCTHU yJIeJIbHBIX MAcCOBBIX BHIOPOCOB OKCHJIOB a30Ta eNox, MO-
HOOKCHJIA YIJIEpPOJia eco U HECTOPEBUIMX YTIIEBOJOPOIOB echyx AU3ens tuna JlI-
245.12C ot coaepxkanuss PM B cmecu ¢ HedTaHbIM AT Cpy: 1 — paccunTaHHbIe
JUTSE PEAKUMOB MSATUPEIKUMHOTO LIMKJIA; 2 — PACCUUTAHHbIC JJIS1 PEKUMA ¢ HOMHU-
HaJILHOM 4acTOTOM BpalueHus U 5S0%-Hoi Harpy3Ko.

M Puc. 4. IlpeanoxkeHHbIH B paboTe
’ Net o

% 0% [12] deTbipexpeKUMHBINA HCTIBITA-
80 TCJIBHBIM LUK AJI1 OLEHKH TOK-

o cuuHoctn O museneil cenpxos-
60

MalluH

Ne3
40 40%
20

Hpyrum ¢dhakTopoM, TMOATBEPHAAIOIIUM BO3MOXKHOCTh MCTOJIb30BAHUS
peKruMa ¢ HOMMHAJIBHOM 4acToTOM BpalleHud U 50%-HoW Harpy3Koi 1 OUEeH-
KM WHTErpaJiIbHOM 3KCIUTyaTallMOHHOW TOKCUYHOCTH Ol TpakTopHOrO au3ens,
SIBJIAETCSl pacrpesiesieHne pexkumMoB padbotsl auzens CMJI-31, npenacraBiieHHOE
Ha puc. 1, 6. OHO CBUAETENICTBYET O TOM, UTO J0JI PEXKUMOB 3TOI0 AM3EIA MPH
HOMUHAJIbHOM 4acTOTE BpallleHUs] U Harpy3ke, COOTBETCTBYIONIEH MOJIOKEHUIO
aosupyromeit peitku 7,;=2,6-3,4 mm (40-80 % mosiHON Harpysku), cOCTaBIISIET

okoJ10 40 % Bcero BpeMcHH paboOThI AU3EJIs.

3AK/IIOYEHUE

1. PacnpeneneHue pexxMmMoB padOThl Au3eNeH CeTbCKOX03HCTBEHHbIX Ma-
IIUH CYHIECTBEHHO OTJIMYACTCAd OT pacnpeAciiCeHUs PpeXUMOB JBUratesei
TPAHCTOPTHbLIX CPEACTB. [N OLIEHKM HMX BKCIUTyaTalMOHHOW MHTErpajibHOM
TOKCHYHOCTH Ol MCIMOJIB3YIOTCS COOTBETCTBEHHO S-pEeXKHMMHBIM HCMObITATEIb-
HBIA UK U 13-pexnmMHbIil LUK HopM ECE R49.

2. B cBSI3M ¢ OTIMUMSAMH 3TUX IIUKJIOB U YCJIOBHOCTBIO OTOOPaKeHHUS TH-

MU HUKJTaMHU pCaJIbHBIX yCJ'[OBI/Iﬁ OKCILUTYaTalluu TPAKTOPOB U APYIUX CCIIbCKO-
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XO3SIICTBEHHBIX MAILWH, MPOBEACHO CPABHEHUE MHTETPATbHOU TOKCUHYHOCTH O
JM3ENs MPU UCTIOIB30BAHUM 3TUX UCIIBITATEIbHBIX [IUKJIOB.

3. JIns oueHku MHTErpaibHOM TOKCHUHOCTH Ol AHU3€eIst B yCIOBUSX peab-
HOM 3KCIUTyaTallii TPAKTOPa MPEUIOKEHO HCIIOIB30BaTh PEKUM ¢ HOMUHAIb-

HOM yacToTOM BpauicHus u 50%-Hoi HAarpy3KOH.
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HNcnonb30BaHue HEOPraHUIECKHX J00ABOK
K He(pTAHOMY IU3e/ILHOMY TOIUVIUBY

A.A. CaBacrenko', D.A. CaBacrenxo', B.A. Mapkog?, A.H. 3enkun?

! MOCKOBCKHIA ABTOMOOHIBHO-I0POIKHBIH TOCY JAPCTBEHHBIN TEXHHUECKHH yHUBEpCUTET (MAJIN),
IMITY mm. H.D. Baymana

Use of Inorganic Additives to Petroleum Diesel Fuel

A.A. Savastenko!, E.A. Savastenko', V.A. Markov?, A.A. Zenkin?

! Moscow automobile and road construction state technical university (MADI),
2 Bauman Moscow State Technical University

Axmyanerocms cmameu 00y Cl06/IeHd HeOOX0OUMOCHBIO 3HAYUMENLHOO0
VAVYULEHUS DKOJIO2UYECKUX NOKA3ameneti ogueamelieti GHympenne2o ceopanus. B
cmamve NOKA3aHvl NepCnexmussl NPUMEHeHUs. HeoPeAHUYeCKUX 000a8oK HA OC-
HOBe coaeti MEMALIO8 K He(hMAHOMY OuzenvHoMy monaugy. Paccmompenvt 6uovl
9MUX 00OABOK U CNOCOOBI UX NOOAYU 8 YUTUHOPbL Ogueames. [lpeocmaesieHvl
pe3yibmamsi dKCNEPUMEHMANbHBIX UCCIeO08AHUT Ou3elsl Hd Hedmsanom Ou-
3e/1bHOM MOoniuse ¢ 000ABKAMU MAKUX HeopaaHuyeckux npucaoox. lloxaszana
BO3MOJICHOCHb YIIYYULeHUS DKOJIOSUYECKUX NOKA3ameetl Ouseis npu UCnoiv30-
BAHUU YKA3AHHBLY HEOPRAHUYECKUX 000aBOK. Beeoenue 6 1unuio 8bicoko2o 0ds-
JIeHUSL CUCEMbl MONIUBONOOAYU BOOHBIX PACMBOPOE COJlell MEMAILIO8 Cyue-
CMBEHHO CHUMCAEM MOKCUYHOCb U OBIMHOCIb OMPAbOmasuiux ea3os. Beibpoc
oxcuoos azoma ymenvuiaemcsi Ha 50-55%, a ovivmHoCmb ompabomasuiux 2a3o6

—6 1,5-2,0 pasa.

Karouesvie cnosa: ouszenvrwlli O8ucamens, HehmsiHoe OuszeibHoe MonaUso,

000a8Ka K MONIUBY, HEOPLAHUYECKASE NPUCAOKd, MOKCUYHOCHb OMPAOOMABULUX

2ds306, ObLIMHOCIb 0mpa60ma6mux 2306

The relevance of the article is due to the need to significantly improve the
environmental performance of internal combustion engines. The article shows
the prospects for the use of inorganic additives based on metal salts to petrole-

um diesel fuel. Types of these additives and the ways of their feeding into the en-
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gine cylinders are considered. The results of experimental studies of diesel on
oil diesel fuel with additives of such inorganic additives are presented. The pos-
sibility of improving the environmental performance of a diesel engine by using
these inorganic additives. The introduction of a fuel system of aqueous solutions
of metal salts into the high-pressure line significantly reduces the toxicity and
smokiness of the exhaust gases. The emission of nitrogen oxides is reduced by

50-55%, and the smoke content of exhaust gases-by 1.5-2.0 times.

Key words: diesel engine, oil diesel fuel, additive to fuel, inorganic addi-
tive, toxicity of exhaust gases, smoke of exhaust gases

HEOBXOJIUMOCTD YJAYUHIEHHUSA DOKOJTOTMYECKHUX HOKA3A-
TEJEN TN3EJIEN

Ha coBpeMEeHHOM 3Tane pa3BUTHS JBUTaTEIECTPOECHUS TOKCUYHOCTH OT-
padotaBimx razop (OI') CTAHOBUTCS BaXXHEHIIIMM MOTPEOUTEILCKUM MOKa3aTe-
JIeM JBUTATeNeil BHYTpEHHEro cropanus [1, 2, 3]. 310 00yClIOBIEHO yXyALIA0-
HICHCs SKOJIOrM4YeCcKOi 00CTAHOBKOM B KPYITHBIX METANoOaMcax, CBI3aHHOH ¢ Po-
CTOM 4HMCJIa TPAHCIIOPTHBIX CPENICTB, H BBEICHUEM JKECTKAX HOPM Ha BBIOPOCHI
BpeaHbIX BemiecTB ¢ OI' aBToMOOWMIbHBIX aurarenei. CymmapHbIi BBIOPOC
BPEIHBIX BEILIECTB MUPOBOrO aBTONapka yke npeBbicuna 200 MIIH. TOHH B TOA
[1]. OTedecTBeHHBIII aBTOMOOWIIBHBIN NapK €KEroJHO BBIOPACHIBACT B aTMO-
chepy 13-15 MaH. TOHH OKCUIOB yraepoaa u 1,2-1,5 MJIH. TOHH OKCHJIOB a30Ta.
[Tpu sTom 10 22% Bcex BBIOPOCOB JUMOKCUIA yrieponaa, 0koiao 50% BeniecTs,
BBI3BIBAIOIINX KHCIOTHOCTH arMmocgepsl, U 60-90% cmora npuxoauTCs Ha
3MUCCHIO BPEIHBIX BewecTB ¢ Ol TPAaHCIIOPTHBIX CPENCTB.

CoBpeMeHHBIE KECTKME TpeOoBaHus K TokcuuHocTH Ol gBurarenei
BHYTPEHHETO CrOpaHus OOYCIIABIMBAKOT HEOOXOIMMOCTh MOUCKA MYTEH Aasb-
HEWIIEr0 YNYUILICHUS UX JKOJIOTMUYECKUMX TOKA3aresicil. Y JOBIECTBOPEHUE ITUX
TpeOOBaHMII HEBO3MOXKHO 0€3 JATBHEHIIECro yJIydlnIeHUsl Ka4eCTBa MPHUMEHsIC-

MBIX MOTOPHBIX TOILIMB. I[OCTI/DKGHI/IG HGO6XOI[I/IMBIX MOKA3aTeJIci TOKCUYHO-
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cti Ol BO3MOKHO MPH KMCIOJIB30BAaHUK JO00ABOK K HEQPTSIHBIM MOTOPHBIM TOII-
quBaM [4, 5, 6]. PaznuuaroT cieayromue BUAbI 100aBOK (MIPUCAIOK). ACMPEC-
COPHBIE, MPOMOTOPBI BOCIITAMEHEHHS, TUCHOEPrUPYIOLIME, MPOTUBOU3HOCHBIE,
OPOTUBOJBIMHBIE M Apyrue. HekoTopble MpUCaaKK SIBISFOTCS MHOTO(YHKIHO-
HAJIBHBIMU. B KauecTBe MHOTO(QYHKIMOHABHBIX MPHUCATOK PAcCMaTPUBAIOTCS
N00AaBKH Pa3IMYHBIX ATbTEPHATUBHBIX TOILIUB.

BaxxHeHmmM TOKCHYHBIM KOMITOHEHTOM Ol IM3€eNei CUMTAroTCs TBEPABIE
yacThlbl (BEIOpOC caku miauM AIMHOCTH OI'). BbICOKas MOTEHIMaIbHAS Omac-
HOCTh 3THX 4YacTHL] 00YyCIIOBJIEHA UX CMOCOOHOCTHI0 AaKKYMYJIMPOBAaTh HA CBOCH
NOBEPXHOCTH MHOTHME U3BECTHBIE KAHLIEPOTEHBI M MYTarcHbl, a TAKKE HE3HAUHU-
TEJBHBIMU PA3MEPAMH YACTHUL, TO3BOJISIFOIIMMHU UM MMPOHUKATh B OPTraHbl AbIXa-
HUS YEJIOBEKA M HAKAIUIMBAThCS B HUX. B COOTBETCTBUM ¢ TaHHBIMH paboThI [3]
TOKCUKOJIOTHYECKAss 3HAUAMOCTh OCHOBHBIX TOKCHYHBIX KOMIOHEHTOB Ol —
MoHookcuaa yraepoga CO, okeuaos azora NOy, JErkux HECrOPEBIIUX YIIIEPO-
noB CHy, caxxu C u okcuaoB cepbl SOy onieHUBaeTCs Kak otHomeHue 1 : 41,1 :
3,16 : 200 : 22. D10 MOATBEPXKAACT MEPBOOUYEPEIHYIO HEOOXOAUMOCTD CHIKE-

HUs ABIMHOCTH BBIXJIONA — YMEHBIICHUE BbIOpoca caxu ¢ Ol museneil.

HEOPI'AHUMYECKHUE JOBABKU K HEOTAHOMY JIUZEJIBHOMY
TOIJINBY U CITIOCOBbI UX ITOJAYU B INJINH/APLI IN3EJIA

Kak yka3aHO BbILIE, YMEHBIICHAE BBIOPOCA TOKCHYHBIX KOMIIOHEHTOB C
OI' mu3enell MOXKET OBITh JOCTUTHYTO MyTeEM N00aBOK K HEPTIHOMY AM3EIBHO-
My TomuBy (/T) pa3nuuHbIX anbTEpHATUBHBIX TOIUIMB, CPEAM KOTOPBIX CHKH-
JKEHHBIA HE(PTSIHON ra3, IMMETUIOBBIN 3(DUP, PACTUTEILHBIC MACa U UX MTPOU3-
BOAHBIE. D(P(PEKTUBHO CHWKAKOT MOKa3areau TOKcHuHocTH Ol M psa apyrux
XUMHUYECKH aKTUBHBIX coequHEHMNH (XAC), B YaCTHOCTH — METAJUIOHEOPraHHU-
YECKME COCIAMHEHUS, MPEACTABIAOMME cO00i BOMHBIE PAaCTBOPBI COJIEH pas-

JIMYHBIX MeTaIoB [7, 8, 9].
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HeoOxommmMo OTMETWTB, YTO BO3MOXHBI PA3IUYHBIE CHOCOOBI MOAAYN
paccMarpuBaeMbIx 100aBOK K HeprsHomMy [T B nmnuuapsl aeurarens. B ciy-
Yae XOpOWEd CMEMMBAEMOCTH 3TUX KOMIIOHEHTOB M TMOJIYYCHHUU CTAOWMIIBHBIX
cMecel 1eaecoo0pa3Ho 3ampaBisTh TPAHCHOPTHBIE cpeactBa Ha A3C MoTOp-
HBIMH TOIUTMBAMM, YK€ COoAepKamumu 3Th AoOaBku. [Ipu minoxoi cMemuBac-
MOCTH YKA3aHHBIX KOMIIOHEHTOB (Hanpumep, HedrsHoro T 1 BOOHBIX pacTBO-
POB COJICH METAINIOB) WM HAXOKICHWUU 3THX KOMIIOHEHTOB B Pa3HbIX (hazax
HEOOXOMMO MCIOJIb30BaTh Apyrue cnocoOsl nogaun XAC. B wactHoCcTH, BO3-
MO>KHO MCMOJIb30BAHUE TOIUIMBHBIX CHUCTEM, B KOTOPBIX XMMUYECKH AKTUBHBIC
COCIUHEHMS CcMeIMBatOTC ¢ HePTsaHbIM [T B TUHUM BBICOKOTO JAaBJICHUS CH-
CTEMBI TOIJIMBONOAAYM. TaKhe CHCTEMBI YaCTO HA3bIBAKOT CUCTEMAMU C PETYIIH-
pyembIM HavasibHbIM Aaenenuem (PHJT) [10-13].

[TogoGHas cuctema TonmaMBoONoOAauM (pHuc. 1) MPUMEHEHA U B MPOBEACH-
HBIX aBTOpaMH HCCIEAOBAHUSX BIMSHUAS AO0ABOK BOJHBIX PACTBOPOB COJICH
Pa3IMYHBIX METAJUIOB HA NOKA3aTeNM ABIMHOCTH U ToOKcMyHOcTH OI'. B nmpume-
HEHHOHN CXEME 3TOM CUCTEMBI TOIIMBOIIOAAYM XUMHUUYECKH aKTUBHOE COEIMHE-
HUE TOJIAETCS B JIMHUIO BBICOKOTO AapieHus (JIBJl) TOmmBonoakauymBarommm
HacocoM XAC yepes kinananbl PH/I (cm. puc. 1,0). [Ipu 3TOM BOAHBIE PACTBOPHI
XAC noparotcs 6€3 N30BITOYHOTO JIaBJIEHUS (CAMOTEKOM ), TOJILKO 3a CYET pas-

pexenud B JIB/I.
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Puc. 1. Cucrema noANWTKA JIMHUU BBICOKOTO JIABJICHUS XUMHUYECCKA AaKTHBHBIMHA
COCIMHEHUSAMH ¢ TIoMOIIbkO Kianana PH/L: ¢ — cxema cuctemsl;, 6 — peryiasTop
HavajbHOrO MAaBjicHus; 1 — TommBonoakauuBaromme Hacocel (TIIH), 2 —
buabTp TOHKOM ouncTku; 3 — THB/I; 4 — nuHUM BBICOKOTO AaBieHus; 5 — Gop-
cyHkH, 6 — kymanansl PHJ{

OKCHHEPUMEHTAJIBHBIE MUCCIEIOBAHUSI BO3MOXKHOCTU
NCITIOJIb30BAHISA HEOPITAHUYECKHUX JIOBABOK K HE®TSI-
HOMY JU3EJIBHOMY TOILINBY

Hcnonb30BaHre BOJHBIX PACTBOPOB COJICH METAIOB B KAYECTBE MPOTH-
BOJIBIMHBIX MPHCATOK O0a3UPYETCsi HA CMOCOOHOCTH HEKOTOPBIX AJIEMEHTOB TE-
puoanueckoi Tabmmubl .M. MeHneneeBa CHW)KATh TEMIIEPATypy OKHUCICHUS
yraepoaa (rpaguta) [7, 8, 9]. 3ta cmocoOHOCTh MOATBEPXKIAETCS PE3YJIbTaTaMu
AKCMEPUMEHTAIILHBIX MCCIICOBAHUI HA KaJTOPUMETPUUYECKOM CTEeHIE. B yact-
HOCTH, TaKUE 3JIEMEHTHI Kak xkene30 Fe u meap Cu cnocoOHBI CHUYKATh TEMIIE-
patypy okucienus rpaguta C Oosiee ueM Ha cTo rpaaycoB llenscus (puc. 2). B
CBSI3U C OTHM, aBTOPAMM CTaTbU ObUIM MPOBEACHBI MUCCIAEAOBAHUS HEKOTOPBIX
METAINTIOHEOPraHUYECKNX COEAMHEHUH (BOJHBIX PACTBOPOB COJIEH METAIIOB) C
LEJIbI0 OLICHKU WX BJIMSHUS HA TEMIIEpaTypy TJICHUS (3aKUTaHUs) MU3EJIbHON
caxu 7, Pe3yabrarbl 3THX MCCIIECIOBAHWA, MPEACTABIEHHBIC HA PUC. 3, CBUC-

TENBCTBYIOT O TOM, YTO HAMOOJIBIIEE CHIPKEHUE TEMIIEPATYPhI 3aKUranus 15 au-
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3€bHON CaXM JAOCTUTHYTO MPU MCHOJIb30BAHUM BOJHOTO PacTBOPa CEPHOKHUC-

noit meau Cu SO, u ero maccoBoM coaepxanus B JIT Cy =4 %.

s 20T % oMg Puc. 2. CHIKEHHE TEMIIEpaTyphbl OKHC-
§. ocaCr nenus yriaepoga (rpadura) C mpu mo-
. 450 ° OaB/ICHUM B JM3ENLHOE TOILIMBO Pas-
22 ) JMYHBIX AaKTUBATOPOB — MarHms Mg,
o Mn

5 400 o kanbiusa Ca, xpoma Cr, mapranma Mn,
T Co xobansta Co, sxenesa Fe, meau Cu

=

o

S 350

o o]

§ Fe

2 300

g oCu

(1]

=

E 250 ------------- TTTTr[TTrT TTTTr[TTrT TTrrT

= 0 10 20 30 40

MNopaakoBbIA HOMEP
B Tabnuue 4.U. MeHaeneeBa

: Puc. 3. 3aBUCHMOCTB TEMIIEpaTypbl
”ﬁgﬁl 3akuranus (TieHus) 1, Ju3enbHOR
",\L\A 4 CaKM OT MACCOBOTO COAEPIKAHUS
750 AN ..\\ ~ PasIUYHBIX ~ METAVIOHEOPraHUuYe-
\u\x 3 CKUX COCIWHEHUH (AKTHBATOPOB) B
\ u\ m3enbHoM TorumBe Cy: [ — Cu SOy
700 1 2 + 5 H,O; 2 —Fe Cl3+6H20;3—M1’1
\‘ Cl, +4 H,O; 4 - CaCl, + 6 H,O
650 \ o

600 Ly
0 1 2 3 Cac%

JUTs MOATBEPKACHUS BO3MOXHOCTH CHUKECHHS TbIMHOCTH Ol mpu no6as-
JIEHUM HEOPraHWYEeCKUX MPHUCATOK K TOTUIMBY OBUIM MPOBEACHBI MCCIEAOBAHUS
HECKOJIbKUX THUIOB AM3ENICH OTEUECTBEHHOIO M 3apyOe)KHOro NMPOM3BOJCTBA.
Hwxe npuBenensl pe3ysibraTel HenbiTanuid ausens tana 4 Y 8,89/10,1 ¢upmsl
«Perkinsy, nucnone3yemoro B aBronorpy3uvke «bankankap». [1pn ncneitaHusx
UCCIIEOBAIACH MPOLECCH TOMUIMBOIMOAAYM NPy paboTe TOMIMBHOW anmaparypsl

(TA) Ha HedrssHom T ¥ HA BOAOTOMIMBHBIX 3MYJbCUAX (OMynbcusx AT u
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BOJIHBIX PACTBOPOB COJIEH METAIIOB). 3aTeM ObIJIM MPOBEIECHBI CPABHUTEIILHBIC
WCIBITAHUS TM3€ENsl B COCTABE aBTONOrpy3unka npu padore Ha T u ykazaHHBIX
BOJOTOIUTMBHBIX 3MyJIbCHAX. B uccnegyemom ausene ObUIO  YCTAHOBJICHO
YCTPOMCTBO [UIsl MOJa4YM XMMUYECKH aKTUBHBIX coequHeHM (XAC) B HEPTIHOE
JT, npeacraBneHHoe HA puc. 1.

Ha nepBom 3tane uccienoBaHuil TPOBEAEHBI UCTIBITAHUS CUCTEMBI TOTI-
muBonoaaun ausens «Perkinsy Ha 6e3moTopHoM cTeHae. MccnenoBana mraTHas
TA m cucTeMa TOIUIMBOIIOAAYM C PETYJIMPYEMBIM HAYaJIbHBIM AaBicHUEM. He-
cMoTps Ha 1o, yro THBJI[ muzens «Perkinsy sBisieTcss HAaCOCOM pachpeacsu-
tenbHOro tuna ¢pupmer «Meffiny (DPA — Lukas), He uMEOIUM HarHeTaTeb-
HBIX KJIallaHOB B JIMHWM BBICOKOTO AamieHus (JIBJ]), ocrarouHoe naBicHUE B
HEM (Poer) OKa3aioch AOCTATOYHO BBICOKMM. OAHAKO, MOAOOPOM KOHCTPYKLIMHU
oOpatHoro knamaHa (kinanadHa PHJI) yaanoce opraHu3oBarh Mojaydd BOAOTOTM-
TuBHON 3mynbcuu (BTO — smynbeus Hedrsinoro T U BOAHBIX pacTBOPOB CO-
Jeil METAJUIOB) B WIMHAP au3ens. B kauecTBe 0OpaTHOro KiamaHa HMCIOJIb30-
BaJicsa HarHerarenbHblil knamaH ot THB/I tuma YTH-5 npoussoacTtea Horus-
CKOTO 3aBOJIa TOIUIMBHOM amImapaTtypsl, TOJIBKO 0€3 pa3rpy304HOro noscka. Hce-
CJIEIOBAHO YETHIPE BAPUAHTA HATHETATENIBHBIX KIIAMAHOB, PA3JIAYAOIIUXCS I€0-
MeTpruecKkuMu napamerpamu, xoaoM (0,3-0,4 MM) M JKECTKOCTBIO Tpy>kHuH. Ha
puc. 4 1 5 npeACTaBICHBl 3aBUCUMOCTH MPOLIEHTHOTO COACPKaHMs BOIBI (BOI-
HOIO0 PacTBOpa HEOPraHMYECKOH COJIM MeTauia) B OOWICH LMKIOBOM mojpaye
TOIUIMBA OT YaCTOTHI BPALICHUS KYJAYKOBOIO Bajia MMPU PA3JIIMYHBIX MOJOKEHU-
ax posupyroment peiiku THB/I w1 ucrnosib30BaHUK pa3iuyHbIX BApUAHTOB HarHe-
TaTEIBPHOIO KJIAMAHA. OTW 3KCIEPUMEHTANBHBIE JAHHBIE NOATBEPXKAAIOT BO3-
MOKHOCTh J00aBKM HEOOXOAMMOM 103bl XMMUYECKH AKTHBHOIO COCIUHEHUS
(aktuBaTopa) B JIB/l M onTuMu3aLMM reOMETPUUYECKMX MApaMeTPoOB, XOAa W
YKECTKOCTH MIPYKUHBI HATHETATENBHOTO KIaraHa.

JUTIs OLEHKH BO3MO>KHOCTH TMOJAYM PA3IMYHbIX A00ABOK B OCHOBHOE

HeTsaHoe [T npr ncnosib30BaHMK pacCMarpuBacMoOil CHCTEMBbI TOITMBOIIOAAYN
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MOJIyYEHBI CKOPOCTHBIE XAapAKTEPUCTUKK MoAaun 4epe3 knanad PHJ[ noOaBku
nononautensHoro Hedrsuoro AT u Boasl (BTD). IlpeacraBneHusie Ha puc. 6
DKCIEPUMEHTAIIbHBIE JTaHHBIE MOATBEPAMIIA BO3MOXKHOCTH MMOJAYM YEpeE3 KIia-
nad PHJ/[ paznuuHbix 400ABOK M 3aBUCUMOCTH 3TOW MOJAYM OT CKOPOCTHOTO U
HArpy304HOro pexkuma padoTel uccieayeMoro ausens. [lpm stom mogada yka-
3aHHBIX A00aBOK qocturaet npumMepHo 10% ot oOmiel nogaum TOmImBa.

Crnenyrouas cepust OE3MOTOPHBIX MCCIEAOBAHUN paccMaTprUBacMON CH-
CTEMBI TOIJMBOMNOJAYM Obla MOCBSIIEHA OMPEACICHUIO ILUKIOBOH MNOMAYM
HE(PTAHOTO IU3EITBHOTO TOMJIMBA HA PEKMMAaX HArpy304YHBIX XaPAKTCPUCTHK.
JTa cepus MCNIBITAHUNA MTPOBEACHA MPU PA3JIMYHBIX YACTOTAX BPAILLICHMS KyJlay-
KOBOI'0 Bajla W MOJIOKEHUAX no3upyroieit peiku THB/I. Pesynbrarsl 3Tux uc-
NBITAHUH (pUC. 7) CBHIETEIBCTBYIOT O TOM, YTO HA HOMUHAJIBHOM CKOPOCTHOM
pexxume npd #=1100 mua! (Ha pexxMMe MaKCHMAJILHON MOINHOCTH) LUKIOBAs
110J]a4a TOIJIMBA COCTABUIIA =62 MM,

IIpn mpoBeleHUM YKA3aHHOW CEPUM HUCIBITAHWN IOJYYEHBI HE TOJIBKO
pacxonHble XapakTepucTuku HeTssHOro T, HO M XapakTEpUCTUKK NOJA4YH A0-
OaBku uepe3 kianad PH/[ Ha paccMarprBacMbIX HArpy30YHBIX M CKOPOCTHBIX
pesxuMOB paboTel aBHraress. [IpoBEAcHHBI aHaMM3 MOKAa3aj, YTO HAa HOMU-
HAIBHOM M ONM3KHX K Hemy pexkumax pacxonsl [T w BTD yepes oOparHblil
KJIalaH MPaKTHYECKU OJIMHAKOBBL, U COCTABIISIOT 5-7% OT 00IIEH IUKIOBOM MO-
Ja4d TOMauBa (CM. puC. 5). XapakTep MPOTEKaHWsS HArPY30UHBIX XapAKTEPH-
ctuk THB/I ¢ nonmauei pactBopa B JIB/] MAcHTUYEH XapaKTEpUCTHKAM C YH-
cteiM JT. UMmerolumecs paznuuvs B UMKIIOBOM MOJAY€ M PaCXOI€ Yepe3 KiarnaH
PH/I (cM. puc. 6) 0OBACHSIIOTCS pa3IMYHBIMU 3HAYEHUSIMU TUTOTHOCTH U BSI3KO-
ctu y HedrsHOoro [T u pactBopa conmu. YkazanHas noisg XAC (5-7%) sensercs
BIIOJIHE AOCTATOYHOM U OCYIIECTBIEHHS BBOJA B JIT XMMHYECKH aKTUBHBIX
COCIMHEHMI, CIOCOOCTBYIOIIMX CHUXKEHHUIO JTBIMHOCTH U TOKCHYHOCTH Ol U, B
TOXKE BPEMs, HE OKa3bIBAIOLIEH 3aMETHOIO BJIIMAHUS HA MPOTEKAHUE XapaKTepH-

CTUK BOPBICKMBAHUS TOMJIMBA. AHAJIOTMYHBIN BBIBOJA ObUT clienaH B padote [8]
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Ha OCHOBC MHOI'OYHMCJIICHHLIX OJOKCIICPUMCHTOB, IMPOBCACHHLIX ¢ IHNPHUMCHCHHCM

paccMaTpuBaEMOTO YCTPOMCTBA MPU BBOJE PA3JIMYHBIX PACTBOPOB B TOIUIMBHBIX

CHCTEMAX PA3JIMYHBIX IU3EIIEN.
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Puc. 4. 3aBucuMOCTh MacCOBOTO
KonuuecTBa aktusaropa Cu (BOA-
HOI'0 pacTBOpa HEOPraHUYECKOIo
COCIMHEHUS ), TOCTYMAOLIETO B M-
3€JIbHOE TOIUIMBO HYepe3 KilamaH
PHJI, or 4yacToTel BpameHus 7 Ky-
nmaukoBoro Baja THBJI u otHOCH-
TEJIBHOTO TOJIOYKEHUS JTO3UPYIOIIEN

peikn  hp: a — hp=10; 6 -
hp=0,75, 6 — hp=0,50; 1,2, 30 4 -
knamanel PH/INe 1,2 3 u4
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Puc. 5. 3aBucmMoCTh MaccoBOTO
KonuuecTBa aktuBaropa Ca (BOA-
HOTO PACTBOpa HEOPraHMYECKOIrO
COCIMHEHMS ), TOCTYMAOLIETO B M-
3€JIbBHOE TOIUIMBO 4YEPe3 KilanaH
PHJI, oT 4acToThl BpameHus 1 Ky-
nmaukoBoro Bana THBJI u otHOCH-
TEJIBHOTO TTOJIOYKEHUS JTO3UPYIOIIEN

perKu Ep ¢ knananom PHJ[ Ne 4
(ONTUMU3UPOBAHHBIM): | — EPZI,O;
2~ hp=0,75; 3 — hp=0,50

Puc. 6. 3aBUCHMOCTh MacCOBOM MO-
Ja4d JOTMOJHUTEIBLHOTO JTU3EJIbHO-
ro tormmBa C; (I, 2, 3) u Boabl Cy
(4, 5, 6) uepes knanan PHJI ot va-
CTOTBl BpALICHHUS # KYJIAYKOBOIO
Basia THBJ] u OTHOCUTENIBHOTO T10-

JIOKEHUs TO3UPYIOILEH perKku fp:
1,4~ hp=1,0; 2,5 hp=0,75; 3, 6
— hp=0,50

Puc. 7. Harpy3ouHele XapakTepu-
ctuku THBJI «Meffin» — 3aBucu-
MOCTH OOBEMHOM IIUKIIOBOM MO1aun
TOILUIUBA ¢y OT MOJIOKEHUS TO3UPY-
IOIIEN PEVKA Ep IpHA Ppa3IAnIHBIX

4aCaXOTHl BPALICHUS A KyJIAYKOBO-
ro sana; / — n=250 mmu'; 2 —
n=500 mun'; 3 — n=800 mun"'; 4 —
n=1100 mun"!

[IpoBeneHHBIE DKCIUTYaTAlIMOHHBIE KCCICIOBAHKMS Ha au3ene tuamna 4 U

8,89/10,1 ¢pupmer «Perkinsy B 3aBoackux ycnoBusx ABTo-BA3a, BKIOUanu B

ce0Osl MObEM ABTOMOTIPY3YMKOM KOHTEHHEPOB pazimuHoro Beca (1 1, 2 T u 3 1),

a TakKe NOBEM «BWD» aBTONOrpy3urka 0e3 rpy3a. B 3TOT MOMEHT 10OMBaIUCH

YCTAaHOBHUBLICTOCA PCKHUMA pa6OTI>I (HOCTOHHCTBO YaCTOThl BpallCHUA — KOH-
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TPOAUPOBATIOCH HUPPOBBIM TAXOMETPOM). 3amep AbIMHOCTH Ol mpou3BOAWICS
TpexkpatHo aeiMoMmepoM BOSCH EFAW- 65 A, a TOKCMYHBIE KOMITOHEHTHBI OT-
OMpaUCh B CHEHHUAIIBHBIE EI0(PAHOBBIC MEIIKH ¢ TOCIEAYIONICH 00padoTKOM
B cneruanbHoi adoparopun HTL[ ABroBA3a. /[o6aBka pacTBOpOB MPOM3BO-
munack B JIBJl TOTUIMBHON anmapaTypel 4epe3 CUCTEMY OOpPATHBIX KIIAMAHOB,
NOJKIIFOUEHHBIX K (PopCcyHKaMm au3ens. Pacxoq BBOAMMBIX aKTHBATOPOB COCTaB-
nser 5-7% ot pacxona [T, 4T0 TOCTUTHYTO MYyTEM APOCCEIUPOBAHUS BOJHBIX
pacTBOpoB Ha BXxoj¢e B kinanansl PH/I. [lonydeHHbIe MPHA UCIIBITAHUAX 3HAYEHUS

YIAETBHBIX BEIOPOCOB OKCHIOB a30Ta U AbIMHOCTH Ol MpeAcTaBIeHbl HA pUc. 8.

BNy [{KBT-4)

Ky, %
75 - 50 - rOCT 17.2.2.01-84
20 - 40 OCT 23.1.4M-T6
15 - OCT 23.1.440-76 30
10 - 20 -
h - 10 4
1 o -
a &

Puc. 8. Yaenwbnubie BoIOpochl okcu10B a3ota NOy (a) v apiMHOCTE Ol Kx (6) Hc-
neityemoro ausens «Perkins»y apromorpy3umka «bankankapy: /| — HedTsaHOE
AT; 2 —nedpranoe AT ¢ no6aBKOH HEOPraHUYECKOM MPUCATKH

Pe3ynbTarel 3KCOEPUMEHTANBHBIX HCCIECAOBAHUM, TMPEIACTABICHHBIE Ha
pucC. 8, CBUAECTENBCTBYIOT O TOM, 4TO Nipu no0aBicHUr XAC (HEOpraHu4ecKoi
npucanku) B HepraHoe [T BbIOpoc okcmaos azora NOy cHumiics Ha 50-55%.
[Tpu 3TOM 0OecneunBaroTCst HOpMBI oTpacieBoro cranaapra OCT 23.1.440-76,
NPEAYCMAaTPUBAOLIETO UCOBITAHUS JU3ENS I ONPEAEIICHUs TOKCUHYHOCTH O
Ha pexkumax 10-cTymeH4aToro mMkiaa Ha MOTOpHOM creHae [14]. CHuxkeHue

SMUCCUHU OKCUAOB a30Ta MpH BBeAeHUN XAC 00yCIIOBICHO CHUYKEHUEM MAKCH-
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MAaJIBHBIX TEMIIEPATYP CTOPaHMs 3a CUET UCIIAPEHUS BOJIbI, COAEPKAILEHCS B HE-
opranndeckoil nmpucanke. Beenenne XAC B IU3€IbHOE TOIUIMBO TO3BOJIMIIO
cHU3uTh IbIMHOCTBH O B 1,5-2,0 paza. [Ipuuem, ecnu npu padote Ha HEPTIHOM
JT 6e3 Beenenust XAC Boimonustores HopMbl ['OCT 17.2.2.01-84 Ha ABIMHOCTB
OI' aBTOMOOMJIBHBIX AM3ENICH, TO MCIOJIB30BAHUE HEOPraHWYECKOW MPUCAIKH
obecneunBact BeinonHeHue U tpedoBannii OCT 23.1.441-76 x aeimHOcTH O
TPAKTOPHBIX M KOMOAMHOBBIX AM3EJCH NMPU €€ MPOBEPKE HA YCTAHOBHBILEMCS
pekuMe ¢ Harpy3koi, paBHoil 80 % OT HOMHHAJIBHOH (B 000MX Cly4asx JIbIM-
HOCTh ONPEAEIUIach ABIMOMEPOM THNAa XapTPHIDK, padOTAOIUM O METOMY
npoceeunBanus OI') [15, 16].

Heo0xommmMo OTMETHTB, UTO pealiu3yeMOe MPH MCHBITAHUSIX COOTHOILIIE-
Hue nogaBacMeix HeTssHOro JIT u aktuBatopa (XAC) He TpeOyeT u3MEHEHUs
yria onepexenus BupblckuBanus Tormea (YOBT). [loBelnieHre NPOLEHTHOTO
copepxkanuss XAC o 10-20% ot nogaum HedrsiHoro T mpUBOIMT K CHHKE-
HUIO DHEPreTUUECKUX TOKa3aTelied au3ens (3a cueT HaJmuus Bonbl). B 3Tom
cllydae MOSIBISETCS HEOOXOAMMOCTh B JTOMOJHUTENbHBIX peryimpoBkax YOBT
W YBEIMYCHUs LMKIOBOM moaaun TommmBa. [locnennee TpeOyer yBenMueHUs
quametpa tyHxkepo THBJI, T.e. mpuBOAMT K HEOOXOAUMOCTH W3MECHECHUS
KOHCTpYKumu TA nusens.

Peanmu3anus pacCMOTPEHHOTO METOAA B COUYETAHUU C IPYTUMHU METONAMHM
VIIYULICHHS MOKA3aTeNneld JbIMHOCTH M TOKCUYHOCTH Ol MO3BOJIUT yIOBIETBO-
puTh TpeOOBAHUS MEPCIEKTUBHBIX HOPMATUBHBIX JOKYMEHTOB, PETJIAMEHTUPY-
FOLIUX SKOJIOTUYECKUE MOKA3ATENN AU3EIICH, B TOM YHCIIE U AU3elei, paboTaro-
HIMX B YCJIOBHSX C OFPAaHMYECHHBIM BO3AyX00OMeHOM. Bo3moskHa peanuszanus
3TOTO METOJA U B AM3ENAX C COBPEMEHHBIMU CHCTEMAMM TOIJIMBONOAAYM THUIIA
Common-Rail. 3TW TONJMBHBIE CUCTEMBI, PEATM3YIOIIME DJIEKTPOHHOE YIpPaB-
JIEHWE TOTUTMBOIOAAYEH, TAKKE UMEIOT JTMHUEO BBICOKOTO ABJICHUS (aKKyMYyJIisi-
TOP, TPyOONPOBOABI U T.A.), TAe HAOIIOJAKOTCS BOJIHOBBIC MPOLIECCHI, YTO MO3-

BonsieT peanusoBars nogayy XAC B JIB/l. Caeayer Takke OTMETUTB, 4TO TIPH
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MHOTOPa30BOM MMOJAUYE€ TOIUIMBA (MHOTOPAa3OBBIA BOPBICK) OCYLICCTBICHUE
BIPBICKOB TomMBa nociae BMT ans pereHepanuu cakeBbIX (QUIBTPOB TaKKE
MOXKET OKa3aTh MOJOXKHUTENIbHbBIN 3(P(PEKT HA AOKUTaHWE B HUX CaXH, €CIIU B
3TOT MOMEHT Y€PEe3 COOTBETCTBYIOIIYIO CUCTEMY MBI OyJIEM MOAaBaTh XUMHUYEC-

CKH aKTHUBHBIC COCANHCHNA, CITOCOOHBIC AOXKUI'aTh CAXKY B OTUX (IJI/IJ'IBTan.

SARJIIOYEHHUE

HccnenoBanus Ha TommmBHoM cteHae ¢ THB/ «Meftiny n Ha pa3eepHy-
TOM JIBATATENE MOATBEPIMIN BO3MOXKHOCTH MOJAYM XUMUYECKA AKTUBHBIX BE-
LIECTB HA HEOPraHWYECKOW OCHOBE B LIUJIUHADP AU3€ENIA U BO3MOKHOCTD YITyYllle-
HUS DKOJIOTMYECKUX TOKA3ATENECH AU3€ENs MPHU UCIOJIb30BAHUM YKA3aHHBIX HeE-
opraHnueckux 100aBoK. [Ipr 3TOM MOMYYEHBI CICAYIOMUE PE3YIIbTATHI.

1. TToy4eHsl CEPUM CKOPOCTHBIX M HAIPY30YHBIX XaPAKTEPUCTUK TOILIU-
BONOJAYM INTATHOW TOIUIMBHON anmaparypel am3ens «Perkinsy npu mopaue
HE(PTSAHOrO AU3ENBHOIO TOIUIMBA, & TAKXKE XAPAKTEPUCTUKHU MOJAYA XUMUYECKU
AKTUBHBIX COeAUHEHN yepe3 kinanad PH/I, ycTaHOBIIEHHBIN B JIMNHUK BBICOKOTO
JABJICHU IITATHOM TOIIMBHOM anmaparypsl.

2. DKCITyaTaluWOHHBIE DKCIECPUMEHTAIbHBIE UCCICNOBAHUS HA JU3ETIC
«Perkinsy mokazaim, 4To Mpy BBEACHUH B JTMHHUIO BBICOKOTO JTABJICHHS CHCTEMBI
TOIUIMBOINOaYM BOJHBIX PACTBOPOB COJIEH METAINIOB TOKCHYHOCTD U JIBIMHOCTB
OI' cymecTBeHHO CHMKarOTCs. BeiOpoc okcuaoB azota NOy cHusmics Ha 50-

55%, a neimaOCTE OI' — B 1,5-2,0 paza.
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Introduction

Background

Substantial changes of the energy landscape are being expected until the year 2050 in the European Union as the output of greenhouse
gases like CO2, Methane or N20 is intended to be cut by 80-95 % compared to the year 1990 [Eul6]. Synthetic energy platforms and
fuels apart from fossil oil, coal, and gas have to be established for all those applications where high energy density and large capacity
of energy storage and transport is necessary and where direct electrification is not an economically or practically viable option. Yet,
there has no decision been made on the question what the nature of such synthetic fuels and their chemical feedstock will be.

C1 chemistry with methane and methanol (MeOH) as platform chemicals is not only an appropriate basis for a closed COz-cycle, but
provides also a convenient feed for the synthesis of functional fuels for internal combustion engines (e.g. [Bul0]). Such C1-fuels have
a molecular structure without C-C bonds and feature a high oxygen content, which are the most essential requirements for soot-less
combustion [MP11], [Mal4]. This brings together the goal of climate protection with the search for solutions to local air pollution.

The following can be named as essential requirements for future synthetic fuels: COs-neutrality, availability of energy on a sustainable
basis, low impact on environment, economic efficiency, and functionality (energy density) [Mal4]. Furthermore, suitable fuels will
have to be qualified in terms of long-term stability, low toxicity, good material compatibility, adequate evaporation and ignition prop-
erties, compatibility with infrastructure, and other material specific properties. This qualification needs to be defined bindingly for
each fuel in corresponding standardisation.

In this paper, the key aspects of engine research activities on C1 synthetic fuels will be given based on the work of multiple projects
currently being performed at the Technical University of Munich.

Positive ignition fuels

Fuels for SI engines have to be knock resistant and feature adequate volatility for a good mixture formation behaviour. Oxygenates
like the ethers MTBE, ETBE, or TAME are already used as anti-knock additives for gasoline fuel. Methanol (CH3-OH) is so far the
only Cl-oxygenate that is commonly used as a fuel (e.g. EU: max. M3 and demonstration projects with higher MeOH content, China:
M15, M85), but its toxicity (carcinogenic, mutagenic, reprotoxic = “CMR”) is a strong barrier for a more extensive use in the EU.
Methanol however can serve as feedstock for the production of a variety of C1 oxygenates with ideal properties either for diesel- or for
gasoline engines. The introduction of Euro 6¢ with stricter PN limits underlines the need for such non-sooting gasoline fuels in the fu-
ture, especially since the introduction of gasoline particulate filters (GPF) is widely expected.

Dimethyl carbonate (DMC, CHzO-CO-OCHs) has only occasionally been described and tested as a Cl-oxygenate fuel additive for SI
engines ([PM97], [WXY10]) and, more frequently, for CI engines (e.g. [Mel6], [Wa09], [Ko00]) in the past. However, the high octane
number of DMC (RON>109, MON=>102) renders it a promising candidate as synthetic SI fuel. DMC can be synthesised from metha-
nol using CO; [Ko15], [Sal5].

Methyl formate (MeFo, CHsO-CHO) has been considered as an additive for gasoline by the Austrian oil company OMV 25 years ago
[K192]. Experimental testing on a combustion engine has only been published in [H417a] with promising results regarding gaseous and
particle emissions. However, MeFo is prone to decomposition by hydrolysis in presence of an excess of water [FP75]. MeFo is synthe-
sised from Methanol using CO [AdO3], [Sc14], [Sh17].

DMC and MeFo have been investigated and compared in a light-duty single-cylinder engine by the authors of this paper as pure sub-
stances [Hal7a], [Ha18b]. The experiments showed extremely low PN emissions for pure MeFo, while pure DMC with its lower vola-
tility produced slightly more particulates. An outlook was given in this work on possible mixing of DMC and MeFo to attain a fuel
which is compliant to the current gasoline standards in terms of volatility and low-temperature stability. First results of this strategy
were presented in [Hal8a] and will be discussed in this paper in more detail, including the influence of the fuel on particulate size dis-
tribution and sub-23-nm particles.

Autoignition fuels

Diesel engines require a fuel with short ignition delay and a high flash point, which makes it possible to maintain a reliable infrastruc-
ture and allow safe handling. Various experiments with the C1 substance-class of oxymethylene ethers (OME;, CH3-O(-CH2-O)n-CHs)
as fuel for diesel engines have shown a beneficial emission behaviour.
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In 2011 MAN Truck&Bus tested a blend of diesel fuel, 7 % biodiesel and 20 % OME;, with chain lengths of n=3, 4 in a heavy-duty
diesel engine and reported significant reductions of PM, soot, and PN compared to diesel fuel [Lul1].

Neat and blended OMEn with n=2,3.4,5,6 was tested by Pellegrini and co-workers starting in 2012 on a light-duty engine and dis-
played substantial improvements of the sooting behaviour and effective reduction of NOx by utilizing new potential of ECU calibration
and high EGR [Pel2].

OME: was found to be the most effective fuel for soot-less combustion in a screening of various ether substances by the authors of this
paper [Hél5]. Engine testing on a heavy-duty diesel engine was performed and both OME; and OME, of n>1 revealing positive ef-
fects on gaseous and particle emissions, especially on particulate number (PN) [Ha14], [H417b], [IM17].

Corresponding work with similar findings was performed at the universities of Dresden ([RZ17]), Aachen ([Del7]), and Darmstadt
(e.g. [Miil7]), the latter addressing the possibility to run a diesel engine at stoichiometric A/F ratio without sooting and hence allowing
a three-way-catalyst (TWC) to be used.

Experiments in a constant volume combustion chamber of Barro et al. at the university of Zirich proved the reduction of soot to be an
effect evident in the complete course of combustion and thus not only associated with an improved oxidation behaviour, but also with
the inhibition of soot formation. The dimensions of the remaining particles were found to be smaller than those found in diesel exhaust
[Talo].

The aim of this paper is to document the latest work on the adaption of a heavy-duty single-cylinder research engine at the Technical
University of Munich with a focus on the modification of the injection system, in particular on the adjustment of the nozzle flow to the
energy density of oxygenate fuels.

OME: Fuel for Compression Ignition Engines

While OMEs 45 is the desired selection of chain lengths for a diesel replacement in terms of cetane number and boiling properties, the
current supply of these OMEn is still limited. In the presented work, extensive testing has been performed with the easily available
OME b which consists of pure OME: and 3 % of additives for the improvement of cetane number, viscosity, and lubricity. Reduced
testing with a OMFE34.5,6 mixture is done accordingly to prove similar behaviour in combustion and hence to justify the use of OME1
as a model substance for higher OMEn. As the energy density of all OME is similar, the adaptation of the injection nozzle flow to the
new fuel can be legitimately demonstrated with OME1b, while work on the reproduction with OMEs 45 is currently ongoing.

Table 1 shows the properties of the tested OME fuels and a reference paraffinic diesel fuel (PDF) that represents a “best case™ diesel
without aromatics and sulphur and was produced by hydration of vegetable oil. Due to the low lubricity and low cetane number of
OME; this fuel was additized with 3 % of a long-chained polyether to enhance ignitability and tribological properties. The additized
fuel is labelled “OME1b”.

Table 1: Tested CI fuels

- PDF OME, OME 1v* OME3.6%*
LHV [MJ/kg] 43.8 224 22.5 18.8
Density [kg/m?] 0.78 0.86 0.87 1.07
Diesel equivalent [m*/m?*] 1 1.77 1.75 1.70
Ox. cont. [wt.%] 0 42.1 42.1 47.9
Boiling point/range [°C]  210...302 42 42 157...259
Cetane number 79.8 293 40 752

Kin. Viscosity [mn?/s] ~ 2.92 (40 °C) 0.33(20°C) 0.71 (20°C) 1.19 (40 °C)

Lubricity - HFRR [um] 260 (60 °C) 759 (20 °C) 278 (20 °C) 519 (60 °C)

*  OME; with 3 wt. % additivation of long-chained polyether
** Mixture “as found” of [wt. %]: 43% OME;, 31% OME,, 19% OMEs, 7% OMEg

CI Experiments

Engine testing was carried out on a heavy-duty single cylinder research engine with a common rail system and a switchable tank sup-
ply to allow the change of fuel during engine operation (Figure 1). The test bench is equipped with external supercharging, a cooled
high-pressure EGR system, and a backpressure flap which controls the exhaust pressure to simulate the turbine of a turbocharging unit.
Gaseous exhaust components are measured before and after a Pt-coated oxidation catalyst using a FTIR system. Particulate emissions
are measured using a PMP-compliant PN counting system and an AVL Microsoot Sensor.
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Table 2: Properties of raw DMC and MeFo fuel in comparison to standard gasoline RON95

- ROND95 DMC MeFo
LHV [MJ/kg] ca. 42 15.8 15.8
Density @ 15 °C [kg/m?] 747.5£27.5 1079 957
Gasoline equivalent [m?*/m?] 1 1.8 2.1
RON/MON >=95/85 >=109/102  115/114.8
Ox. cont. [wt.%] <27 533 533

A/F ratio stoich. [kg/kg] ca. 14.3 4.64 4.64
Boiling point/range [°C] 30...210 90 315
Melting point [°C] ca. -45 0.5-4.7 -100

Flash point [°C] <-35 16.7 -19
Ignition temperature [°C] ca. 220 458 450

Vapor pressure @ 38 °C [kPa] 45-100 10.8 > 100
Ignition limits [%0] 0.6-7.6 42-12.9 5-20
Enthalpy of vaporization [kJ/kg] ca. 420 418 464
Surface tension [mN/m] ca. 24 28.5 25

Dyn. viscosity [mPas] <0.5(40°C) 0.63(20°C) 0.36(20°C)

The properties of three experimentally investigated DMC-MeFo blends are given in Table 3. All fuels have a constant MeFo content of
35 Vol.-% which proved to keep volatility within the required range and ensure stability of the blends down to at least -30 °C. In two
of the blends an ethanol content of 10 % and 30 % was added to enhance the chemical stability of MeFo. Pure MeFo is known to un-
dergo hydrolysis in presence of small quantities of water and subsequently form formic acid, which would lead to corrosion in the fuel
system. Ethanol has proven to stabilize MeFo and prevent possible hydrolysis. Blends of DMC, MeFo and ethanol are named DMC+
in the following, as DMC is the main component. Details on blend design and production methods for DMC+ are given in [Ha18a].

Table 3: Material properties of the blend fuels. Source: ASG

- RON95 C65F35E0  C55F35E10 C35F35E30
Dimethyl carbonate [Vol.] - 65 % 55% 35%
Methyl formate [Vol.] - 35% 35% 35%
Ethanol [Vol ] - - 10 % 30%
LHV [MJ/kg] ca. 42 15.8 16,7 18,6
Density @ 15 °C [kg/m?] 74758275 1041 1011 955
Gasoline equivalent [m*/m?] 1 1,91 1.86 1,77
RON/MON >=95/85 >100 >100 >100
Oxygen content [wt.%] <2.7 533 51,8 48,7
A/F ratio stoich. [kg/kg] ca. 14.3 4,64 4,99 5,74
Boiling range [°C] 30...210 38...94 42...92 40...90
CFPP [°C] ca. -45 -30 -35 -48
Flash point [°C] <-35 -9 -13 -14
DVPE @ 37.8 °C [kPa] 45-100 57 59,8 64
Heat of vaporization [kJ/kg] ca. 420 433 472 558
Surface tension [mN/m] ca. 24 277 270 252
Kin. viscosity at 20 °C [m?*/s] 0,62 0,47 0,48 0,53

SI Experiments

DMC+ was tested on a 0.461 single cylinder research engine with a side mounted 6-hole DI injector at an injection pressure of
250 bar. The stationary operating point was chosen at 2000 rpm and 6 bar indicated mean effective pressure at A=1. A sweep of fuel
mass was then conducted at constant position of the throttle flap, resulting a variation of . The fuel was injected in homogenous mode
during the intake stroke (SOI = 430 °CA aTDC). The setup of the test bench is given in Figure 7.
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@opcupoBaHue OAHOIUINHIPOBOTO YeTHIPEXTAKTHOTO ABUTATE/IsI BHYT-
PEHHET0 CropaHusi A03aPsiAKO BO3AYXOM € HCNOJIb30BaHHEM BOJIH CKATHSI,
reHepupyeMbIX B Tpouecce BbIMYCKa, B MPOCTEHIIIHX HHIHBHAYAJTbHBIX

HACTPOCHHLIX I'a30-BO3AYIIHbLIX TPAKTAaX oe3 HNPHBOJAHBIX JJICMCHTOB

C. H. ATtanos

Y pumckuit roCyJapCTBCHHBIN ABHAITHOHHBIH TCXHHICCKHHA YHHBSPCHTCT

Forcing a single-cylinder four-stroke internal combustion engine by charg-
ing it with air using compression waves, generated during the exhaust in the

simplest individual tuned gas-air tracts without driving elements

S. N. Atanov
Ufa state aviation technical university (USATU), Russia

Annomayus: s¢hpexmueHvle U yoevHvle NoKA3amenu ogueameneti u md-
wiuH Ha ux base, 8 nepeyio oyepeob, 3A6UCSI OM HANONHEHUs. YUWIUHOPOS. H3-
gecmHbvle cucmemsl HA00y6d clodicHul. Hacmpoenuvie cucmemsl oocmueiu npe-
oena. Teopus eazoobmena osucameneti sBHympenne2o ceopanus b. I1. Pyooeo He
daem pexomeHOayuti no OdibHeliulemy NoGblULeHUI0 Kod(huyuenma Hanome-
nus. Paspabomana eunomesa 0 603MONCHOCMU NOBvIULEHUS KOI(PPuyuenma
HANOJIHEHUS, 4eMbIPEXMAKMHO20 O8USAMEISl GHYMPEHHe20 C2OPaHUs. Jis 5moe2o,
OONONHUMENbHO Ul DoJiee UHMEHCUBHO O03APSIICAIOM YUTUHOP 8030YXOM. [
Ye2o, UCNONL3YIONM BONIHY COHCAMUSL, 2eHepUpyeMyto npu evixiione. [Ipeoiazaemvie
npocmeniuue 2a30-6030YULHbIe MPAKMbL, COOEPICAM YUIUHOP, HACHPOEHHbIE
mpyobl: 8bINYCKHYIO — OJIsl GbINYCKA U BOIHOBOT NPOOYEKU YUIUHOPA, 8IYCKHYIO
— OJI51 BNYCKA U BOJIHOBOU 003APSOKU YUIUHOPA U BHOBb NPEOJIOJCEeHHbIEe BaAPU-
aHmovl OONOIHUMENbHBLIX MPYO 0151 OONOTHUMENbHOU Wiu Oollee UHMEHCUBHOT
BOJIHOBOT 003APsIOKU. Pacuemyl nokazaiu nogviuienue kodpouyuenma Hanoime-

nusina 12,7 wiu 11 %, coomgemcmeenno, OmHOCUMENbHO O8UeAmes ¢ HACHPO-
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eHHbIMU mpyoamu enycka u ewinyckd. Hamypueie nabopamopivie 2Kcnepu-
MeHmMbl NOKA3ANU NogbluLeHue cpeoneo s¢phpexmusrnozo oasnenusi Ha 8,90 % npu
bonee uHmMeHcusHol 0osapsoxe. [loomeepocoena eunomesda 0 B03MOICHOCMU

oanbHeluieco nosululeHUs KO ppuyueHma HanoIHeHus.

Kuoueswie crosa: wemeipexmaxmubuiii Oueamens GHympeHHe20 ceopamus,

BBIXJION, BOIHA, HACMPOTIKA, 003aPIOKd, KOI(hduyuenm nanoiHenus.

Abstract: effective and specific indicators of engines and machines based
on them, in the first place, depends on the filling of the cylinders. Well-known the
supercharging systems are complicated. Tuned the systems are reached the limit.
Theory of gas exchange of internal combustion engines B. P. Rudoy’s do not give
recommendations on the further increase in the volumetric efficiency. A hypothe-
sis on the possibility of increasing the volumetric efficiency of the four-stroke in-
ternal combustion engine. For this, the cylinder is additionally or more intensively
additional charged with air. To do this, use a compression wave, generated at the
exhaust. The gas-air tracts proposed contain cylinder, tuned pipes: outlet — for
exhaust and wave scavenging, tuned inlet pipe — for filling and wave charging
and the newly proposed pipe for wave delivery additional or the more intensive
wave charging. Calculations showed increased the volumetric efficiency at 11 or
12.7 % respectively relative to engine with tuned inlet and outlet pipes. A hypoth-
esis was confirmed about the possibility of further increasing the volumetric effi-

ciency.

Key words: four-stroke internal combustion engine, exhaust, wave, tuning,
charging, volumetric efficiency.

BBEJIEHUE

Pabota 0THOCUTCS K TOPIIHEBOMY JBUTATENECTPOCHUIO, B YACTHOCTH K I'a-
3000MEHY YETBIPEXTAKTHBIX JBUTareNicli BHYTpeHHero cropanus (JBC) ¢ wuc-

N0JIb30BAHUEM BOJIH, BO3HHKAKOIIMX B Ta30BO3AYIIHbIX TpakTax (I'BT), a uMeHHO
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CO3[AHUIO W TPOBEPKE HOBBIX METOJIOB BOJHOBOW A03apsaKky LMJIMHApPA (pado-
Yeil KaMephbl), a TAKXKE MPUHIMIUAIBHBIX (PACUETHBIX) H KOHCTPYKTUBHBIX CXEM
npocreiiimx HacTpoeHHbIX [ BT oqHOnmMamHApoBoro (¢ oaHo#i pabodeii kamepoi
(PK)) ABC 6e3 arperatoB HaiayBa ¢ MOBBILIEHHBIM HAMOJHEHUEM 34 CUET KC-
M0JIb30BaHUS, paHee OPOCOBOH, FHEPIrUM BhIxJIoNa. Maen u pereHus Takke Mo-
I'yT OBITh UCIIOJIb30BaHbl B MHOTOLIMJIMHAPOBBIX IBUTATEIISIX, APYTUX UMITYJIbCHO
padoTArOMIMX YCTPOUCTBAX. AKTYATbHOCTh M 3HAYMMOCTD PabOThI 1711 UCCIIEI0-
BaTejiel M KOHCTPYKTOPOB-ABUIATEIECTPOUTENEH, CTYACHTOB 3aKIIFOYacTCsA B
TOM, YTO MOKa3aHbl BapuaHTHl HampasieHUi pa3Butus ['BT deTelpexTakTHBIX
JIBC, nokasaHel OCHOBHBIE 3JIEMEHTHI METOJAMKHU U PE3YIIBTATHI TPOCKTUPOBAHUS
I'BT IBC c noBbIlieHHBIMHA KO3()(PULIMEHTOM HAMOJHEHUS, YACIbHBIMY MTOKa3a-
TENSIMH, & 3HAYUT U KOHKYPEHTOCOCOOHOCThIO JIBC 1 mammH Ha ux Gase.

OB30P PABOT U 3AJJAYUN UCCJIEJTOBAHUA

Ha npoTsokeHun MCTOPUH YUEHBIE U MHKEHEPBI OCBAUBAIOT U BHEIAPSIOT B
TEXHUKY TPUPOJHBIE BOJTHOBBIE 3(PPEKTHI.

B Poccun HayuHyrO KOy HecTauroHapHoi razoannamuku JIBC popmu-
poBasm B MI'TY A. C. Opnun u 3atem M. I'. Kpyrnos.

b. I1. Pynoii Ha ocHOBE MEXaHWKH CIJIOMIHOMN cpeabl pazpadoTan Teopuro
razooomena JIBC [1]. [ToctpoeHa ogHOMEpHAsE MOJIENL HECTALIMOHAPHOTO ra30-
oOomeHa B ' BT 1 00bICHEH €ro MeXaHU3M, KaK KOHEUHO-BOJIHOBOM. [1oBEIIIICHHE
K03 (puumeHTa HanoJHEHUs YeThipexTakTHOro JIBC 10 mpenenbHoro 3HaueHus
1,3 va IBC ¢upmsl « NSU» ¢ HacTpoeHHBIME 32 60’000 OnBITOB KaHAJIAMU Tra30-
oOMeHa u (pazamu razopacnpeneneHus [2, ¢. 75; 1, ¢. 55] 00bICHEHO BO3HUKHO-
BEHHUEM, IBHOKEHUEM, OTPLKEHUEM B HACTPOEHHON YacTu ['BT u Bo3melicTBIEM
Ha PK yenunennsix (no tepmunosiornu b. C. CTeuknHa) BOJMH KOHEYHOH aMILIv-
Tynbl (CKaTHsl U pa3peskeHus). OHU M3MEHSIOT aBJICHUE B KaHAJIax Mepes OK-
Hamu PK B KOHIIE BBIITyCKA M BIyCKa, 00eceunBas BOJTHOBYHO MPOAYBKY U J03a-

PAAKY. I[01<a3aHa HCCOCTOATCIIbHOCTE MHCPIHUOHHOTO U PC30HAHCHOI'O IMOAX0Aa
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B 00BsicHeHHU razooOMmeHa. b. [1. Pyasim onucana ontumanbHas o ko3 Quim-
ety HanonHeHuto cxema [ BT JIBC. b. I1. PyapIM U €ro y4eHUKaMu CO3JaHBbI
nporpammel pacuetoB JIBC ¢ I'BT [3, 4, 5] u pazpaborana METOIMKA MPOCKTH-
poBanus [ BT wersipextaktHoro JIBC no auarpammam ¢ 0€3pa3MepHbIMH KOM-
TIJIEKCAMH.

B coBpeMenHbix aBTOMOOHIBHBIX JIBC 0€3 arperatoB HajayBa peryiu-
PYIOT: yTh BOJIHEI [6, C. 38—46] 1 mmomaay KaHaoB, (Pa3sl ra3opacnpeaciicHus,
3aKOHBI OTKPBITHS KJIanmaHoB [7, ¢. 112—114] npu U3MEHEHNH YaCTOThI [IUKJIOB.
OTO MUUIb pacHIApSAET Auana3oH >PQEKTUBHOCTH BOJHOBOW AO3apsiaKy (Ha-
ayBa) mo yvactore. HactpoeHHsle cuctemsl Biycka B JIBC ¢ TypOoHamayBoM
YMEHBINAKT «3(PPEKT TypOOSIMBI) M KOJTMYECTBO MEPEKIIOYCHAS TIEPEaay, MOBbI-
HIAKOT MPUEMUCTOCTH [8, ¢. 460—461], HO mpu 3TOM KO3((PUIMEHT HAMOJIHECHUS
HE IPEBBILIAET U3BECTHOTO «IPEACITIBHOIOY.

O dexTBHAS 03apsAAKA BOJHAMHU CHKATUS, TEHEPUPYEMBIMUA TPH BbI-
XJIONE N3BECTHA B BOJTHOBBIX OOMEHHUKAX JaBjicHus Tha « Comprex» [6, ¢. 125—
137], HO OHM KOHCTPYKTHBHO CJIOKHBI, UMEET 0OBEMHBIC KOJJIEKTOPBI, MPUBO/I-
HBIE ICTAA, U €ro He NpuMeHsOT Ha JIBC ¢ oqHoit PK, 1 HET MaHHBIX O MOBBI-
HICHUHM UMU KO3 (PUIMeHTa HAOJIHEHUS. Tak)Ke, N3BECTHA B ABYXTAKTHBIX JIBH-
rarefsx ¢ UHAMBUAYAIbHBIMU BBIMYCKHBIMU TPyOaMu, COAEPKALIMMH KaK CTY-
NEHbKY [9], Tak 1 pacmmpenue u cyxenue [10], a Takke B «CIEUAILHON CH-
cTeMe razo00MeHay sl BBICOKOTO TypOoHaaayBa yeTeipexTakTHbix JIBC [16]
B CHCTEME B3auMOHaayBa AByxTakTHbIX [IBC [17].

b. I'. Pynoit otMe4alt: «4acTo MOMHYH OPOAYBKY MOYKHO OCYILECTBUTD, HE
MCIIOJIB3YS BCEX BO3MOXKHOCTEH BBIMTYCKHOM cucteMb» [1, ¢. 62]. Ha 3TOM OCHO-
BAaHWM pa3pab0TaHa runoTe3a aBTopa 0 BO3MOKHOCTH JAIBHEWIIETO MOBBIIICHUS
KO3 (pUIMEHTa HANOJHEHUST OAHOLMIMHIPOBOIO C HACTPOCHHBIMU KaHaJlaMu
BITyCKA U BbINTYCKa YETHIPEXTAKTHOTO /IBC 3a CUET BOJIH C)KaTusl, TEHEPUPYEMBIX
P BBIXJIONE. 3aAa41 UCCIIEA0BAHNS 3aKITFOUYAOTCS B TPOBEPKE 3TOM THIIOTESBI.

HPEJJIAT'TAEMOE PEHIEHUE
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Ha ocHoBe crcTeMarn3annu 1 KinaccuPpukarysi KOMIPECCOPOB U UHBIX CH-
CTEM ra3000MeHa KaK MepeMEINaIuX ra3 yeTpoicTs [13] BBIABIEHO, U4TO pas-
nnvHble HacTpoeHHble kaHastbl ' BT JIBC 00pa3ytoT Knacc BOJTHOBBIX HECTALMO-
HapPHBIX MacCOBBIX NEPEMEILAIOIINX Ta3 YCTPOUCTB. [IpocTeiie BapruaHThl 10-
3apsaakua PK 3a cuer BOJIH C)KaTusi, FEHEPUPYEMBIX IIPU BBIXJIONE, JUI MPOCTEN-
LIEr0 OJHOLMIIMHAPOBOIO YETHIPEXTAKTHOIO ABUrATENA IPU MUHUMAJIBHBIX J10-
paboTKax KOHCTPYKLMM CAMOTO JIBUTATENsI — 3TO UCHOJIb30BAHUE YKE UMEIO-
muxcst OKOH PK: BIyCKHOrO W BBIITYCKHOT'O. 1 I0CKOJIBKY TaBICHUE B BOJIHE CKa-
TUsI, TEHEPUPYEMON TIPU BBINYCKE, BBHILIE YEM AABJICHUE B OTPAKEHHOW BOJIHE
CoKaTusl, BOSHUKAKOLIEH BO BIIYCKHOM KaHAJIE, TO NMPEUIOXKEHO IBA HOBBIX METOAA
no3apsaakd. LlepBblii METOT — 3TO JOMOJIHATENbHAS A03apsaka (Mo nateHty PO
1795680) [14], 3aknroyaromascs B BO3BPAIICHUN K BBITYCKHOMY OKkHY PK oTpa-
JKEHHOW BOJIHBI C)KaTHsl TOCTIE 3aBEPIICHUSI OOBIYHOM BOTHOBOH ao3apsaaku PK
U3 BIIYCKHOIO KaHayia. Ui 3TOro, KaKk BapHaHT, MPEII0KEHO BBIIOIHUTH BbI-
NYCKHOW KaHaJI C pacluupeHneM, odbecneunBaromum npoayeky PK orpakeHHo#
BOJIHOW Pa3peXeHUs, KaK B MATIOPA3MEPHBIX TPAHCIIOPTHBIX IBYXTakTHbIX [IBC,
Y C HOCTIEAYIOIIAM CY)KEHUEM TSI OTPAKEHUS UCXOHON BOJIHBI CYKATHSA BOJTHOM
cxarus (Pucynok 1, cm. cxemy kaHanoB ['BT cneBa BHH3Y U TPacKTOPUM BOJTH
cHu3y). B aTom cnyuae, TpeOyeTcss HEKOTOPOE MPEABAPUTEIBLHOE HANOIHEHUE
BO3AYXOM, HAIIpUMED, TPOLYBOYHBIM, ITpuiieratorero Kk PK yyacTka BEITYCKHOTO
KaHasa B IIEPUOJI BOJIHOBOW MPOIYBKH, a TAKXKE, HAIPUMED, IOBTOPHOE KPATKO-
BPEMEHHOE OTKPBITHE BBIITYCKHOTO OKHA PK mociie 3akpbiTis BnyckHoro. Bropoit
METO — ATO 00JIee UHTCHCUBHAS (MHTEHCU()UIIMPOBAHHAS ) T03apsaKa (Mo na-
Tenty P® 2066002) [15], 3akntouaromascs B HapaBJICHUN YaCTH T€HEPUPYEMOit
1pu BeIxjone U3 PK B BEIMYCKHOM HACTPOCHHOM KaHAJIE UCXOAHOW BOIHBI CHKa-
TUs, BO BIIYCKHON HacTpoeHHbIN KaHall PK, yepe3 HOmomHUTENbHBIA HACTPOEH-
Hbll kKaHan (PucyHok 2, cMm. cxemy kananoB ['BT ciieBa BHU3y). MomeHT npuxona

0oyiee MHTEHCUBHOM BOJIHBI CKATHS BBIITYCKA COTIACYIOT ¢ MOMEHTOM 3aBEpILIC-
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HUs1 OOBIYHOM BOJTHOBOH n03apsaku PK oTpakeHHOH BOTHOM CyKaTHsl M3 HACTPO-
€HHOTO BIYCKHOTO KaHaya (OOBIYHBI MOMEHT 3aKpbITUsl BITyCKHOrO OkHa PK).
JIJ1st 3TOr0, AOMOJTHUTENBHBIA KAHAJT BBITOJHSIOT OMPEACICHHON JJIMHBI U CO00-
HIAKOT C HACTPOEHHBIM BBIMYCKHBIM KaHaioM BOiM3M PK 1 ¢ Havaiom HacTpoeH-
HOT'0 BIYCKHOTO KaHaJla yepe3 pa3pbIB. Pa3peiB 00ecneunBacT BO3MOXKHOCTD MPO-
X0J1a BOJIH CKaTHsl U HEBO3MOYKHOCTh MPOX0JA BOJH PA3PEIKEHHUS, KOTOPBIE OT
HEr0 OTPAKAKOTCA BOJIHAMM CYKATHS MPU OJHOBPEMEHHOM BCACBIBAHMM BO3yXa
B KaHaJ1, 1O KOTOPOMY MOJIXO1Ia BOJIHA pazpexkeHus. i 3pPeKTHBHOCTH pa3-
PBIB MOMEIIAIOT B PECUBEP C OOPATHBIM BITYCKHBIM KJIAITAHOM HA BXOJE BO3/yXa,
a TaKKE, BBITIOJHSAIOT QHAJIOTUYHBINA TOTOJHUATEIBHBIA BXO BO3AYXa B CPEAHEH
YaCTH JOMOJHUTENBHOTO KaHana. JlOTONHUTENBHBIA BXO BO3AyXa OPraHu3yrOT
JUTSI TIOBBITIIEHUS 3P PEKTUBHOCTH Tra3000MEHA JOMOIHUTENBHOIO KaHaa. J[JuHy
YaCTH JONOJHUTEIIBHOIO KaHajIa 0T MECTA COOOIIEHHMS C BBINY CKHBIM KaHAJIOM 10
MECTa JONOJHUTEILHOTO BOYCKA BO3AyXa BEIOUPAOT TAKMM, YTOOBI BEIXJIOMHBIE
rasbl u3 PK He qocTuranu mecta 1onoJHUTENBHOTO BITyCKa 3a UK padoTsl JIBC.
[Tpwm 5TOM IITATHBIHA HACTPOECHHBIN KaHAJT BBITyCKa 00ecreunBacT npoayBKy u PK
JIBC, 1 IOTIOIHATENBHOTO HACTPOEHHOTO KaHAJIA OT OTPadOTABIIMX T'a30B TEKY-
uiero ukia padotsr JIBC.

AHAJIN3 ITOJIYYUEHHBIX PE3YJIBbTATOB

BrruncnurensHabie 3xkcnepuMenTsl HAa OBM B nporpammax [3, 4, 5] nmoka-
3BIBAKOT, YTO METOJ AOTOIHUTENBHON T03APAAKHA YEPE3 BBIITYCKHOE OKHO TOBBI-
maet Kod3(ppuumeHt HanoaHeHus Ha 12,7 % npu yBENTUYEHUHA OTHOIIEHUS BHYT-
peHHero oobema kaHanoB I'BT k paGouemy o6wvemy JABC mo 34,9 mns JIBC
4Y 8,2/7,0 ¢ MTHOBEHHBIM OTKPBITUEM M 3aKPbITUEM OKOH (PucyHok 1, cM. nHan-
KaTOPHYIO quarpammy u auarpammy ¢as razopacnpencienus ceepxy) [14]. Me-
TOJ 00JIE€ MHTEHCUBHOM n03apsaaku — Ha 11,1 % npu yBeTMYeHNH OTHOCUTENb-
Horo oobema Ha 7,17 nns JIBC Y 7,9/6,8 (Pucynok 2) [15].

Ha paspaboranHoii u coOpaHHON ja00paTOPHON 3KCIEPUMEHTATBHOM

YCTaHOBKE, BKITIOUArOUIei: TopM0o3HOi cTtena pupmbl «AVL List GmbH» (AVL);
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CEPUIHBIA OTHOLMIIMHIPOBBINA ABYX-KIamaHHblii OeH3uHOBBIN JIBC BO3AyLIHOTO
oxnaxaeHus Y 7,9/6,8; annaparypy ¢upmsl «AVLy» s onpenenenus 3¢Q¢pek-
TUBHBIX NTOKazareneil u naaunuposanus PK u kananos [ BT, skcniepumenTans-
Hele ['BT ¢ HACTpOEHHBIMM KaHAJIAMH BIYCKA M BBIMYCKA 0€3 M C AOMOJIHUTEIb-
HBIM KaHAJIOM 1J11 00JIe€ MHTEHCUBHOW J03apSAAKU IO BTOPOMY METOAY, — 3ape-
TUCTPUPOBAH MPOXO0J O0JIeE MHTEHCUBHOM BOJIHBI CKATWS, CTEHEPUPOBAHHOMN
IIPU BBIXJIONE, K BIIyCKHOMY KianaHy. [IoBbIIEHUE NaBIEeHUi nepel BITyCKHBIM
KJIAaHOM B MOMEHT MOAXO0/AA BOJIHBI 10 KaHaimy coctaBuiio 20 klla (3ameTHBIH
CKaYeK), 1 MaKCUMAJIbHOTO KOHIE Biycka — 12 klla, moarBepaus pacuer. Jlnut-
poBoii MoMeHT coctaBun 91,8 Hwm/n, cpennee >PpQpekTHBHOE NaBJICHHE —
1,15 MIla. IlpeBbimienne 3tiX 3(p(PEKTUBHBIX MOKA3ATENEH OTHOCUTEIBHO Mac-
NOPTHBIX AaHHBIX — 77,9 %, a o1 'BT ¢ HacTpoeHHbIMU TpyOaMu BIYCKA U BbI-
nycka 0€3 JOMOJTHUTENBHOTO KaHana — Ha 8,90 % [16].

BbIBOJBI 11O PABOTE.

Bo3M0okHO nanbpHelnee noBbiieHre ko puiieHTa HanoJHeHus U pop-
CUPOBAHKME OJHOLMJIMHAPOBOIO YETBIPEXTAKTHOIO ABUIATENISI HOBBIMHU IIPEUIO-
YKEHHBIMH MMPOCTEUILIMMHA METOAAMHU U KOHCTPYKLMSAMHU Ta30BO3AYIIHBIX TPAKTOB
0€3 JONOJHUTENBHBIX MPUBOIHBIX JIEMEHTOB 3a CYET UCMOJIb30BAHUS IS 103a-

PAAKH BOJIH CKaTHA, ICHCPHUPYCMBIX IIPH BLIXJIOIIC.
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YIK 621.431
IlapameTpbl U XapaKTepUCTUKH ABUTATE/ISI BHYTPEHHEro0 CropaHusi ¢
pereHepaunmeii Tenjia B HMKJe C Y4eTOM MIAPABIHYECKHX NOTEPb H
TenJ1000MeHa

A.N. dosrsuiiao, JILA. IlllectakoBa
CamMapckuil HAaHOHAIBHEIN HecenoBareabekmii yausepcuteT uM. C.IT. Koponésa

Parameters and characteristics of the internal combustion engine
with heat regeneration in the cycle considering hydraulic losses and heat
exchange

Samara National Research University

Haubonee pacnpocmpanenuvivu cpeou meniogwix 0gueameietl s6siomces
nopuinesvie J[BC (Ogueamenu eHympenne2o c2opamnust), d 2mo o3Haddaem, 4mo
nosviuernue s¢ppexmusnocmu J[BC agnsemces akmyanvroi npooaemoit. Cogpe-
MeHHbie 0gueamesu OOCMURIU 8eCbMd BbICOKUX DHEPLeMUYECKUX U DKOHOMUYe-
CKUX noxkasameJet, obiaoaiom 00CMAamo4Hol HAOEIHCHOCHbIO U XOPOULO 0CBOe-
Hbl 6 mexHonocudeckom omuoutenuu. Oonaxo nymu nogoiuenus KIIJ[ (koog-
Guyuenma noue3Ho2o Oeticmeust) ClLOJ4CHbL ¢ KOHCMPYKIMUGHOU MOYKYU 3peHUst U
yeeaudusaiom sghghexmusrnocms 6ceeo Ha 0onu npoyenma. Hzeecmmuviym 8biCOKO-
aphexmusrvin cnocobom nogeiuterus KI1J[ sHepeemuueckux yCmano8oK 567s-
emcs pecenepayusi menid 6 yuxkie. Imo pediu306ano 6 2a3omypoutHvLx 06ud-
meJisix, 8 napomypOUHHbIX YCMAHOBKAX, pAbOMAIoOuux No 3aMKHYMbIM YUKIAM
bpaiimona, Penxuna, 6 osucamene Cmupiuned. OOHAKO 8HYMPEHHSs peceHepa-
yusa menia 6 /[BC noxa ne peanusosana. Cyuecmsyrowue mexHudecKue peuie-
HUSL U NPeOIOJCEeHUs HA YPOBHE NAMEHMOE 8eCoMd CLONACHbL U NOKA He NPUHU-
Matomcest k enedpenuto. Hngopmayuu o peanuzayuu J[BC ¢ pecenepayueii men-
J1a 8 yuxie ne obnapyscerno. B oannoti cmamue npeonodicer cnocob peaiusayuu
pezenepayuu menid 6 yukie ogueamels euympenneeo ccopanus (/[BC-P). Ilpu-
gedena Memoouxa pacyemad paboyezo npoyecca Ogueamelisi ¢ y4emom menio-

obmena u cuopasiuyeckux nomepo. llpeocmaesneno cpasuenue sHadenuti KI1J[
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JIBC-P ¢ Opyeumu 6eH3uHoBbiMU U OUZCTbHBIMU OBUSAMEISIMU GHYMPEHHE20
ceopanus. Hccneoyemeiii Ogueameins umeem pacdemuulil 3(hghekmusHwlii pacxoo

monnuea na 20... 30% nusxce no cpagueHulo ¢ COBpPeMeHHbIMU NOPULHEBLIMU

JIBC.

Kuoueswie ciosa: ogueamenv gHympennezo ceopanus, peceHepayusi men-

Ja 8 yukie, paboquti npoyecc, YMoyHeHHble XAPaKmepucmuxu, Kosgpguyuenm

NOJIe3HO20 OCTCMBUSL.

The most common among heat engines are piston ICE (internal combus-
tion engines), which means that improving the efficiency of the engine is an ac-
tual problem. Modern engines have achieved very high energy and economic in-
dicators, are sufficiently reliable and are well developed in technology. Howev-
er, ways to improve efficiency are difficult from a constructive point of view and
increase in efficiency by a fraction of percent. A well-known highly effective way
to increase the efficiency of power plants is heat regeneration in the cycle. This
is implemented in gas turbine engines, in steam turbine units operating in closed
cycles of Brighton, Rankine, Stirling engine. However, internal heat regenera-
tion in the internal combustion engine has not yet been realized. The existing
technical solutions and proposals are very complex at the patents level and are
not yet being accepted for implementation. Information on the implementation of
ice with re-generation of heat in the cycle was not detected. In this articl, a
method is proposed for realizing heat regeneration in the cycle of an internal
combustion engine (ICE-R). The procedure for calculating the working process
of the engine is considering the heat exchange and hydraulic losses. A compari-
son of the efficiency of the ICE-R with other gasoline and diesel internal com-
bustion engines is presented. The investigated engine has a calculated effective

fuel consumption of 20... 30% lower compared to modern piston engines.

Keywords: internal combustion engine, heat regeneration in the cycle,

working process, refined characteristics, efficiency.
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COBpEMEHHBIE JBUTaTeNId BHYTPEHHETO CropaHus O0a3upyroTCs Ha JABYX
OCHOBOMOJIATAIIMX TEPMOAUHAMUYECKUX HuKiIax: OtTo u uzens. JlocTike-
HUs 10 3koHOMUM TorumBa B JIBC 00ycnoBneHsl 001€€ TOUHBIM YYETOM 3JIEK-
TPOHUKOH rpaduika IBMKEHHS aBTOMOOWIIS, YNPABISEMbIM BIPBICKOM, OoJice
PALMOHAIBHBIM PACIPENCICHUEM TOIJIMBA B IMUIMHIAPE U Ap. Bee 310 mostydeHo
3a CUET OPraHN3alUOHHO-TEXHUYECKMX MHHOBALMH, HO HE 3a CYET U3MCHEHUS
camoro 0a30BOro0 TEPMOJMHAMUYECKOTO UKJIA.

Hekotopele pemieHuss mo NoOBBIMICHAO 3()(PEKTUBHOCTH paboyero mpo-
LIECCA 32 CUET U3MEHEHHUS LIMKJIA B HACTOSIIEE BpeMs pean3yrorcs. OHU CBsi3a-
HbI ¢ oTAeneHreM B padouem nukie J[IBC mpoiiecca cropaHus oT UUIMHApPA.
Haubonee wu3BecTHBIE M3 HUX — pa3padoTku kKommanwii Scudert Group
(scuderigroup.com), Zajac Motors (zajacmotors.com) u DIRO Konstruktions
GmbH&Co. KG (diro-konstruktion.de). Taxske 31a nmpoGiieMa permaeTcs myTem
WCIOJIb30BaHUsl THOPUIHOM CUJIOBOM YCTaHOBKH.

Cnocobamu noBbIICHHUS 3PPEKTUBHOCTH LIMKJIA KPOME YKE MCHOJIB30-
BaHHBIX MOKHO CUMTATh CICAYIOMME. (OPCUPOBAHUE 32 CUET HAAAYBA W IMPO-
MEXYTOUYHOTO OXJIAKICHUS HAJyBOYHOTO BO3/yXa, YIPABICHHUE CTECIICHBIO CXKa-
TUSL ABUTATENS M PELMPKYISLKSA O0TpabOTaBIIMX ra3oB. Bee 3TH cnmocoObl u3-
BECTHBI U, 3@ UCKITFOUEHUEM M3MECHEHHS CTETMEHU CXKaTHsl, B TOH WJIM MHOHW CTe-
NIEHU MPUMEHSIOTCS B CEPUHHO BBIMYCKAEMBIX IBUTATENAX. TO €CTh UX NMpUME-
HEHUE MO>KHO OTHECTH K JOCTUTHYTOMY HA CErOJHS YPOBHIO 3()(PEKTHBHOCTH
JIBC. bonbmero knaccuueckuii muki JIBC He Mo3BOsET.

TexXHOMOrHYECKU MPOPBIB TOJKEH ObITh O0ECNEYEH CO3AaHUEM JIBUTA-
TEJIsl BHYTPEHHETO CTOPAHUs ¢ MPUHUMNINAIBHO U3MEHEHHBIM TEPMOIMHAMUYC-
CKMM LIMKJIOM M CywlecTBeHHO Oosiee BbicOkMM KIIJ[, a ”MEHHO C BO3MOKHO-
CTBIO PErEHEPALIMY TEIJIA BHYTPH LIAKIIA.

Llens HacTOALICH MyOIMKALIMKA 3aKITFOYACTCS B JOKA3ATENBCTBE PEATBHOIO
ocyuiecTBiaeHus: padouero npouecca JABC ¢ BHyTpeHHER pereHepanueii Temna,

OCHOBAHHOTO HA MATEHTE aBTOPOB HacToslIeH nyonvkanuu [1]. Panee B myOmu-
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Temneparypa Bo3ayxa T;ONpPEnenseTcss UCXOAS W3 YCIOBHS CMEIICHUS
CBEKETO 3aps/ia U BO31yXa B MEPTBOM 00BEME.

Tl (me + mM) = TOmBX + TZmM: (2)

IJIE Macca BXOMSIIECTO B XOJIOAHBIA LIMJIMHAP BO3AyXam,, W Macca
OCTaBUIErOCs B MEPTBOM 00BEME BO3yxam,, a Tou T,, B3STH U3 MpEaBaApH-
TeNnbHBIX pacueToB [2]. KoadduumeHT TemnmooTtnaum mpH BIyCKE BO3AyXa B
«XOJIOJHBIA [IJIMHP» HAXOJUTCS MO HWKEMPUBEACHHOU hopmyiie [4]:

1 2 T12)4_(T1c)4

al — 5,388 . 10—4 . (1 + 1124Cm) . Tlgz . p:?l’ + 0,4‘21 . _(10;'12_7;:0_ (3)

IJIs CAEAYIOIMX YCJIOBHIA: TeMIeparypa CTEHKU MEPBOTO MJIMHApPA MPUHUMA-
erca pasHoit Ty, = 373K; cpeansss temneparypa mpouecca 1-2 Ty, = (T; +
+T,)/2 = 451,5K. Cpennsisi cCKOpOCTh MOPILIHS C;, = 4,764 M/C TpU 4YacToTe

Bpamienns w = 240c¢™?

, TIPU OTHOIIEHHH PAJNyCa KPUBOLIUIA K [UIMHE [IAaTyHa
A = 0,25 u xoae nopuHs 0,07m [3].

Kos¢puuuent Temnoornaun a; = 61,8 Br/M2K.

Temmeparypa MOAOIPEBa CBEXKETO 3aps/a, PACCUMTAHHAS C YYETOM CMe-
wenns (2), KOPPEKTHPYETCA ¢ YYETOM TEINIOOTAA4Yd U BPEMEHM B3aMMOJIEH-
CTBHUS rasza Co CTeHKOH. KOd(()HUIMEHT TEMIOOTAAUM NIPH BHIMYCKE BO3IyXa W3
XOJIOAHOTO LUIMHAPA HAXOAWTCS AHAJIOTUYHO MO (OpPMyIe I &, TOIBKO
BMECTO JIaBJICHHS P1 OEPETCS NABJIEHHE Ps.

Taxum o6pasom, a, = 320,7 Br/m2K.

[To NOTMKE B3aUMOAEHCTBUS PabOYEro Tema ¢ OCTATOYHBLIMH Ta3aMH C
YUETOM TEIIOOOMEHA MPOU3BOIUTCS BHIYUCICHHE OCTABHBIX MAPAMETPOB Xa-

PAKTCPHBIX TOYCK LIHUKJIA. HpI/I STOM TEIIOOOMEH B ropa4ucMm nuJInHApPC pacCUun-

THIBAETCS C YUETOM HMKENPUBEACHHON (popmysibl bpununra [4].

1oz () -(z)'
a3 = 5388107 (1 + 1,45 + 0,185¢y,) - Ty, - pp, + 0,421 - ez —= (4)

Koadduument Tennootaaum npu BIyCKE BO3Ayxa B paboumii uunuHap 2

a; = 77,3B1/M%K.
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- noctwxenue makcumyma KIIJI B nukne JIBC-P HaOnatogaercs B mupo-
KOM JMAIa30He CTENECHEH CHKaTusl, MpUu4eM B auanasoHe & = 5...7 KIIJ] umeer
[PAKTHYECKA HEU3MEHHOE 3HAUYECHHUE,

- B OMIMYMHU OT LUKJIOB 0a30BbIX ABurareieil mpeumymectso JIBC-P
oueHuBaerca B 50% no npupocty 3PPekTuBHOCTH, WU B 30% MO CHUKEHHUIO
pacxo/a TOIJIMBA [0 CPABHEHUIO € CYLIECTBYIOLUMHA JIBUTATEISIMU,

- TUJPABIMYECKUE MTOTEPU W MOTEPU HA TEIIIOOOMEH OKAa3bIBAKOT HE3HA-
YUTENbHOE BIMsHUE Ha mapameTpsl apurarens JIBC-P (camwxenune KIIJ[ nmkia
MOCJIC YTOUHECHUN OIIEHUBAETCS 0KOJI0 2...3%).

Takum 00pa3oM, CO3AAHHME TAKOTO ABHMIaTelis MO3BOJISIET 3HAYUTEIIBHO
MOBBICUTh SKOHOMUYHOCTH JIBC, yBENMYHATH €10 pecype M 3a CYET MOHUKEHHOR
CTETNICHH CKaTHsl, HEMOCPEACTBEHHOTO BIPBICKA B KAMEPY CrOpaHusi OOJIbLIETO
00beMa U BO3MOKHOCTH MPUMEHEHUS PA3IMYHbIX TOIUIMB, 3HAUYUTENBHO YITyd-

MINUTH CT'0 SKOJIOTHYCCKUC ITOKA3aTCIIN.
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YIK 621.434

AHA/IN3 JIOKAJTBLHOI0 TeIJIO00MEeHa B KaMepe CropaHusi NepcneKTHBHOTO
razoamseist

A.A. 3e.11eHu0131, A.C. TostocoB?

'MI'TY um. H.3. Baymana, Poccus
*HAMM, Poccust

Analysis of Local Heat Transfer in Combustion Chamber of Perspective
Gas Engine with Micro-Pilot Injection of Diesel Fuel

A.A. Zelentsovl, A.S. Golosov*

'Bauman Moscow State Technical University, Russia
*NAML, Russia

B pabome paccmampusaiomcesi 0cobennocmu J10KaibHO20 Menio0oMeHd 8
NePCneKmuUBHOM 2a3060M Ogueameie ¢ BOCHIAMEHEHUeM Om 3andibHOl 003bl
ouzenvroco monaued. Hucnennoe uccieoosanue npogoouUmcs npu UCHONb306d-
HUU MPEeXMEPHbLX HECMAYUOHAPHBIX YPASHEH U dHepeul, O8UICeHUsl, Oupgysuu
u HepaspvisHocmu 6 opme Petinonvoca, oononnennvix k-C-f mooenvto mypoy-
Jgenmuocmu. Oonogpementoe ceoparue edazo8o20 u ousenvro2o moniug (/1)
ONUCBIBAEMCS C UCNONBL30BAHUEM MOOEIU C2OPAHUS KO2ePEHMHO20 NIAMeHU
(CEM), oonoanennoti mooenvio 3axcueanusi om sanaivnoti 0osel J[1. Pacuemvi
NPOBOOUNIUCH C NOMOUbIO mpexmepHo2o npoepammuozo nakema AVL FIRE. B
pe3yiemame onpeoeielvl Spanudtble YCI06Us. 8IMOPO2O (JIOKAIbHBIE MENI0GbIe
NOMOKU), a maksice mpemveco pood (Koaghguyuermsr menioomoadu u memne-
pamypel 2a3a) ¢ y4emom peaivHoll 2eOMempul Kamepvl c2Opanusi U Npoyeccos
eazooomenda. Iloryyenvl JoKaIbHbIe MENI0BbIE HACPY3KU HA pdCnbLIumes (hop-
CYHKU.

Kuiouegvie ciosa: nopuinegoti ogueamelib, 2a300useilb, NPUpooOHslli 2ds,

JIOKAIbHBIU menﬂ006meH, MAMeMamu4eckoe MOO@JZZ/lpOGClHZ/le.
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In paper the features of local heat transfer in perspective piston engine
with micro-pilot injection of diesel fuel are discussed. The numeric investigation
of working processes in combustion chambers was carried using the three-
dimensional non-stationary equations of energy, motion, diffusion and continui-
ty in Reynolds form with addition of k-(-f turbulence model. Simultaneous com-
bustion of two types of fuel (gas and diesel fuel) is described using of CFM
model. AVL FIRE was used to obtain the numerical results. As a result, the local
heat fluxes, heat transfer coefficients and gas temperatures were obtained for
the real combustion chamber geometry and gas exchange (inlet and outlet) pro-
cesses. The local thermal loads on the injection nozzle are obtained.

Keywords: piston engine, gas engine, natural gas, local heat transfer,

mathematical modeling.

1. BBenenune

Onnum u3 Hanbosee pacnpoCTPaHEHHBIX CIOCOOOB OpraHu3aluy padoue-
ro Mpoiecca ¢ UCTMOIb30BAHUEM MPUPOIHOTO ra3a B KQUECTBE MOTOPHOTO TOT-
JIMBA SIBJIICTCS KOHBEPTUPOBAHUE CEPUITHBIX AU3EJICH B IBUraTellb C BOCIUIAMeE-
HEHUEM OT 3amajibHOM M03bl TOIIMBA (Ta30U3€/b), YTO MOMUMO H3MEHEHUS
SKOJIOTMUYECKUX MapaMeTpoB padOThI ABUraTelNss MPUBOIUT K M3MEHEHHIO YCII0-
BUI MPOTEKAHUS MPOLIECCOB TEMIOOOMEHA B KAMEPE CrOPaHMUs.

[TornMaHue TTPOIECCOB JIOKAJLHOTO TETIO0OMEHA SIBIIICTCS BAKHEUIITUM
3JIEMEHTOM MaTEMaTMYECKOTO MOJACIMPOBAHMS BHYTPHITMIMHIPOBBIX TMPOIIEC-
coB. [IIupokoe BHEAPECHUE METONOB YMCICHHOTO MOJCIHWPOBAHUS MPUBOIUT K
HEOOXOMMOCTH TOYHOTO OMPEEICHHUS TPAHUYHBIX YCIOBHM HA TTOBEPXHOCTSX,
MIOJIBEPTarOIIUXCs TETIJIOBBIM Harpy3KaMm.

be3 netanbHOTO M3yueHUs BHYTPHUIIMIIMHAPOBBIX MPOIIECCOB, MOIPa3yMe-
BAIOLIECTO OMpPECIICHUE MapaMeTpoB padoyero Teja BO BCEX TOYKaxX paboydero
o0beMa NMIMHApA, NaibHEHIEe COBEPIICHCTBOBAHUE JBHMIaTelisl CTAHOBUTCS

BECbMa 3aTPYAHHUTEIBHBIM. YKa3aHHBIE OOCTOSITENBCTBA OOYCIABIMBAIOT HEOO-
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XOJUMOCTh JETATBHOIO W3y4YEHHWs] BHYTPULMJIMHAPOBBIX MPOLECCOB, B OCOOCH-
HOCTH JIOKQJIbHOTO TEMIOOOMEHA, B Ta30BOM JIBHraTesie ¢ MHULMALKEH mporecca
CrOpaHus 3anajnbHON 0301 AU3ENBHOIO TOIUIMBA, YTO W SIBUJIOCH LENB JTAHHOM
paloTHI.

OOBEKT HCCNETOBAHUS — YETBIPEXTAKTHBIM PSAHBIA IECTULWIMHAPOBBIA
ra30BbIi JBUTATEND C BOCIUIAMEHEHUEM OT 3aMAJIbHON O3Bl IU3ETBHOTO TOIUIMBA
(razonmzensb) Ha Oase KamA3-910, ¢ HanayBOM M MPOMEKYTOUHBIM OXJIKACHHU-
€M HaJTyBOYHOT0 Bo3ayxa. PazamepHocTs asuraresis D/S = 130/150 mm/MM, cTe-
neHb ¢xatust € = 17,5, MomHoCTh 354 KBT nipu 4aCTOTE BpalICHUsT KOJIEHYATOTO
Baa n = 1400 mun™.

2. MaremaTu4eckass Moae/1b

Maremarndeckass MOJENb HECTALMOHAPHBIX MPOLIECCOB MEPEHOCA KOJIH-
yecTBa aBwxkeHus (HaBee — Crokca), sHeprun (@ypoee — Kupxroga), maccel u
KOHUEHTPAMKU pearupyrommx Bemects (Duka) B pacueTHOM 00beMe MOAPOOHO
omucana B [1, 2]. Ly pemieHust CUCTEMBI YPABHEHHUI UCTIONB3YETCSA OCPEIHEHHE
NapaMeTPoOB MOTOKA JKUAKOCTH (ra3a), Mpu KOTOPOM IUJIOTHOCTh p MIPAcT PoOJib
BECOBOro ko3dduuuenra (ocpeanenue no daspy). Pesymprar ocpeaHeHUs
NPEJICTABICH HUXKE:

DW, _  ap ea[<m@ oW, 2 mm> o

—t=G m -5 W

_ _ LS5 —k
Dt boOx; T 0x; 0x; T ox; 3 Y 0xy

DH == , 0P, @ /_ ] oT e
E_le/l+—t+a—xi( l,m)+a—w(aa—w—cpp Tm)+WrQr+ —L (1)
op _
— —_— _-W. =
5 "oz P W)
DC_9 (p2 _ewp)+m
Dt 0x;\ 0x; J m

B cucreme ypaBHenuii (1) npuHsaThl cneayroume o0o3HaueHus: D/Dt — cy0-
CTAHIIMOHAJIbHAS TPOU3BOJIHAS, P — MJIOTHOCTb, KF/M3; p — naenenue, Ila; G; —

TIPOEKIMS BEKTOpA IUIOTHOCTH 06BeMHEIX cil, H/M’, Ha ock OX; MpsMOYTOlb-
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HOM JIeKapTOBOM crcTeMbl KoopauHat; C — KOHIEeHTpauus, Kr/M’; H — monaas
yaenbHas >Heprus, JDK/Kr; L — AMHAMUYECKas BA3KOCTh, KI/(M-C); €, — TEILIO-
€MKOCTh IIPA MOCTOSIHHOM JaBieHuH, J[/(kr-K); w; — CKOpOCTh XMMHAYECKOM
PeaKIUK Ha SAMHUIY 00beMa, KI/(M°-c); Q; — KOIMYECTBO BBLACISICMOM TEILIO-
Thl HA €JMHUILY MACCHI, JDI/KT; A - TEMIONPOBOAHOCTD, BT/(M-K); 6;j — cuMBOI
Kponrekepa; D — kosdduument nuddysnn, m>/c ; M — HHTEHCHBHOCTh MCTOY-
HUKA MacChl (CKOPOCTh U3MEHEHUS MACChl XUMHYECKON KOMIIOHEHTHI B €TUHULIE
o0beMa), KI/(M"- ¢), W — BEKTOP CKOPOCTH.

[TonyumBiascs cucrema ypaBHeHui (1) 3aMmbikaeTcs k-C-f MOJENBIO TYp-
OyJICHTHOCTH, TA€ k — KAHETUYECKAs SHEPIrust TYPOYJICHTHOCTH, { — HOPMUPO-
BaHHBIHA MacmITad CKOPOCTH, a f — IIMNTHYECKass (PYHKIMS PEIaKCaLHH.

YpaBHeHU k-(-f MOJEITA UMEIOT BUJT [3, 4, 5]:

Dk P ) + N ) ok
po-=p(P—e u o) 5%
De Ce1Pk—Ce2€ | 0 He) O
p _p T +6x]' M-I_O'g) ax]' (2)

D¢ ¢ a¢
'ODT_'Of ’Okpk+_[( 0(>6x]

TypOyneHTHas BI3KOCTh B 3TOW MOACTH

2

k
a oumntadyeckas (QyHKuus penakcauuum f w3 mogemm ILA.  JlypOuna

(P.A.Durbin) onpenensercs no ypaBHEHHIO [6]:

9%f 2/3-¢
f-ligas ( T 2() (3)

XjOXj Tt

TZI€ 7; U [, — BPEMEHHOM M TUHEHHBIA MacTaObl TypOYJEHTHOCTH, C; U C; — KOH-
ctanThl U3 mojenu [1.A. JlypOuna.
B BeIpakeHHH 151 CKOPOCTH IUCCUNIALMKA KHHETUUYECKON SHEPTUM TypOy-

JICHTHOCTH & ObllTa M3MCHEHA OJHAa U3 KOHCTAHT:

i1 = ce1(1+0,045\1/¢) (4)
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JIaHHOE M3MEHEHHE UMENO LENBbI0 00JIEE TOYHO OTPA3UTh BIUSHUE MPUCTEHOY-
HBIX 3Q(PEKTOB B mpeajaracMoil Moaenu. OCcTallbHble KOHCTAHTBI, BXOJSLINE B
CHCTEMY (2) aHAJIOTMYHBI KOHCTAHTAM CTaHJAPTHOH k-¢ Mogemu: ¢, = 0,09; ¢y =
1,92; 0, = 1, 0.= 1,3; ce; = 1,44.

BOnu3n TBEpAbIX MOBEPXHOCTEH (CTEHOK KaMEpbl CrOPAHMs) PELICHUE
JOTOJTHSAETCS. MPUCTEHOYHBIMUA (PYHKIMSAMH, TPEAYCMaTPUBAIOLIMMH OTIPEaEIIe-
HUE YHUBEPCATLHOM Oe3pa3MepHOil CKOPOCTH % U Temmeparyphl I Kak (yHK-
LMK OT YHUBEPCAIBHOM KOOPAMHATEL B mpeaenax y < 11,63 [3].

B sTom cnyuae Ha creHke (y = 0, Toraa f npuHuMact BuA [4]:

2v{
fW = - yzp > (5)
p

IJI€ MHACKC "p" OTHOCHUTCS K MapaMeTpaMm B LIEHTPAIBHONW TOUYKE KOHTPOJBHOTO
00BbeMa, PaCIoONIOKEHHOTO HENOCPEACTBEHHO Y TOBEPXHOCTH CTEHKH.
['uOpuaHbIe TPUCTEHOUHBIE (PYHKIIMW, UCMOJIB30BAHHBIC B TaHHOWH pado-
Te, Obutn mpemasiockeHbl M. TlonmoBayom u K. Xanumamuuem (M. Popovacé, K.
Hanjali¢) [7]. Onm onpenensitorT npo@uau CKOPOCTH U TEMIIEPATYPhl B IPHCTE-

HOYHOM CJI0€ KaK (DYHKLIH 6€3pa3sMEPHOrO PacCTOSHKUS YT OT CTEHKHU:
r 1 _
wt =yteT +=In(Ey*)e vr (6)

_0,01(Pry*)*

_ P _
Ot = (PryHe T + [Tr In(y*) + ,B(Pr)] e T vy (7)

rne B(Pr) = (3,85Pr1/3 — 1,3)2 +2,12InPr , k = 0,41 — nocrosiHAAs Huky-
pam3e-Kapmana, E = 8,8 — mocTosiHHas, ONpEaenstomas CTEneHb MepoxXoBaTo-
ctu [3, 8].

Hanpsokenue tpeHus t,, U TEIUIOBOW MOTOK ¢, HA CTEHKE, COOTBETCTBEH-

HO:

w Tp—Tw
Tw:.uwy_::: CIW=AW(py—p) (8)

3neck A, — TEIIOMPOBOJHOCTh MpucTeHOouHOro cnost, B1/(M-K). TlapameTrps! B

BbIpakeHHH (8) 3aaaroTcs ¢ yuetom (6) u (7):
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Yy Y T
Uy = ‘u_—ril_’ AW = Prl_p yI;I- = M’ w, = C;/4k;/2(6/0,4‘)1/4 (9)

Wp P K

B nenom, npuHATHIA MOAXOA BO MHOTOM COBMNAJAET C MPEAJIOKCHHBIM B
[9], ero pa3BUTHEM SIBIIICTCS BApUAHT TEIIooOMeHa, onucanHeiid B [10]. Heno-
CTaTKOM IMOAOOHOI0 MOAX0/1A SBISETCS HEBO3MOXKHOCTh MCIOJB30BAHUS MTOHS-
TUSl MOTPAHUYHOTO CJIOS B MOJTHON Mepe. B CBs3M € 3THM, TOCTAaTOYHO UHTEPEC-
HBIMH BBITJISIAST MOJENN TEMI00OOMEHA, YUUTHIBAOIIME TYPOYJIEHTHBINA MOrpa-
HWYHBIN cnoii [4, 11].

BrmsiHue XuMHU4eCKOro mpouecca TOPeHHsl YUUTHIBACTCS C MOMOLIBEO HH-
TEHCHBHOCTH BHYTPEHHETO HCTOUHMKA TEIUIOTHI ¢y, BT/M’, H MaccoBOro pacxo-
1a i, Kr/(M-¢c). 3HA4YCHHUS STUX MAPAMETPOB MOTYT ObITh BBIYHCIICHBI C MOMO-
HIBK0 CKOPOCTH W, XUMUYECKON PEAKLIMH CTOPAHUS:

Qv = QrWy;, M= —W,, (10)
rae (), — BBIICIMBLICECS B PE3YJbTATE XUMUUYECKOM PEAKIMN KOJIMYECTBO TETLIO-
Thl HAa €aUHULYY Macchl, JDK/Kr. CKOpOCTh Mmpouecca CropaHus OMpeacsieTcsl Ha
OCHOBE MojienH korepeHtHoro mmamenn (CFM) [2, 3, 12].

Pacuetsl npoBoaunuce ¢ nomoubo TpexMepHoro CFD-kona FIRE, pas-
paGotannoro gupmoii AVL List GmbH (Asctpus) [3]. Aapo FIRE ocHoBaHO
HA YMCJICHHOM METOJE KOHTPOJIBHBIX 0OBEMOB C MCHOJIB30BAHUEM YCOBEPIIECH-
CTBOBaHHOTO anropurmMa SIMPLE.

B kauecTBE HMCXOOHBIX [AHHBIX 3a1aBAJUCh CICAYIOLIME TPAHUYHBIE
YCIIOBHS: HA BXOJIE BO BIYCKHOM KaHAI (WM KaHAJbl JUIsl YETHIPEXKIIAMAHHBIX
TOJIOBOK) — 3TO PacXoJ CBEKETO 3apsaa B 3aBUCMMOCTH OT BPEMEHH (WM JaB-
JIEHHE ra3a), TAKKE YKA3bIBAKOTCS JABJICHUE HA BBIMYCKE U TEMIEPATYPhI CTEHOK
(MOPIIEHB, HWIMH/P, OTHEBOE THULIE TOJIOBKH JBHIaTelNs, TOBEPXHOCTH BITYCK-
HBIX W BBIMYCKHBIX KaHAJIOB). HauanbHBIC yCTOBUS OMPEACISIOT TEMIIEPATYPY,
JABJICHUE, KHHETUYECKYIO DHEPTUIO TYPOYJIEHTHOCTH M €€ MaciuTad, a TakkKe
CKOPOCTh ra3a (B TOM YMCJIC NapaMeTPbl BUXPEBOTO IBHXKEHUS) B PACUECTHOM

00beEME B HAYAJIBHBII MEPUOJT BPEMEHM.
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B pesyabrare pacyera ompenenstoTcs MapameTpbl ra3a BO BCEX TOUKAX
pacueTHOM 007acTH (BHYTPEHHEM O0BEME HUIMHAPA, BIYCKHBIX M BBIMTYCKHBIX
KAHAJIOB) MPU Y4YETE OBICTPONMPOTEKAIOIIUX MPOIECCOB CMeceoOpa3oBaHus U
CrOpaHus TOTUIMBOBO3IYIITHONW cMecH. [IOMMMO 3TOro, pacCUMTHIBAIOTCS JIO-
KaJbHbIC TCTUIOBBIC MOTOKW B CTEHKM JCTaJiCH, OrpaHUYMBAIOIIMX PAaCUYCTHBIM
00beM, onpeaenstorcs 3QPPEKTUBHBIE U DKOJIOTMYECCKUE MOKA3aTEIN ABUTATEIS.

Bepudukanus MareMaTideckoii MOJIEIN OCYIIECTBIIsIach Ha OCHOBAaHUH

0-1 MEPHBIX PaCYETOB U 3KCIEPUMEHTAIBHBIX JAHHBIX.

3. MoaempoBaHue MPOLECCOB ra3000MeHa, cMeceoOpa3oBaHus U

CropaHnusi B HHWJIMHAPE ra3oau3cjist

B pacuere mpoBoaAMIOCE MOAECIMPOBAHME MTPOLIECCOB ra3000MEHa, CMeCe-
00pa3oBaHMs U CrOPaHMs, a TAKKE MPOLECCOB TEIUIOOOMEHA B LIWIMHAPE ra3o-
au3ens. PacduetHas oOnacte nmpencrasisia coOOW BHYTPEHHMH 00BbEM KaMmepsl
CrOpaHusl JBUTATENs, 0OPa30BAHHBIA MOPUIHEM, FOJOBKOW M TMJIB30HM, JOMOJI-
HEHHBIH 00BEMaMM BIYCKHBIX W BBIMYCKHBIX KQHAJIOB (PUCYHOK 1).

[Tpu pabote nBUraTenss MPOUCXOAWUT BO3BPATHO-MOCTYMATEIBHOE MEPE-
MELICHUE MOPIIHA Mexay KpaHumu nonoxkenusmu (HMT u BMT), a Taxxke
[IEPEMEILIEHAE BITYCKHBIX W BBITYCKHBIX KJIAlTAHOB B BEPTUKAIBHOM HaIlpaBlic-
HUU. [IBHJKEHUE MOPILIHS 3aJa€TCs Yepe3 KUHEMATHYECKYI0 CXEMY MPHU U3BECT-
HBIX T€OMETPUUECKUX MapaMeTpax KPUBOLIMITHO-IIATYHHOTO MEXaHu3Ma (JUIn-
Ha waryHa L, xox nopuns S). Knanansl nepeMeniaroTcss B COOTBETCTBHE C 3a-
KOHAMU MX JBW)KCHUS, 32JaBAEMbIMUA B TAOJMYHOM BUJIE.

B Moaenm (opcyHka npeacTaBieHa HAKOHEUHUKOM PACTIBUTUTENS (PHCY-
HOK 2 a), Ha KOTOPOM BBIACIISIFOTCS HECKOIBKO 00acTel I MOJIyYCHHs HA HAX
I'PAaHUYHBIX YCJIOBUN BTOPOTO (TETUIOBBIX MOTOKOB) WJIM TPETHETO poaa (Kodg-
(PMIMEHTOB TEIJIOOTAAYM M TEMMEPATYPhl Ta3a BOJIM3M MOBEPXHOCTHA CTECHKH).

OTH 30HBI MPUBEACHBI HA PUCYHKE 2 O.
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KonudecTBo 3716MEHTOB (KOHTPOJIbHBIX 00beMOB, KO) B pazoucHun (pu-
CyHOK 3) m3mensutock ot 4988067 KO npu nepenycke u MOa0KEHUN TOPLIHS B
BMT no 440000 KO nipu 3aKpBITBIX BIIYCKHBIX M BbIITYCKHBIX KJIAITAHAX.

Ha Brnycke B aBurarens mojaBajiach CMeCh BO3AyXa M MPUPOJHOTO Trasza ¢
K03 puuueHToM u30bITKa BO3ayXa Op = 1,36. OcTallbHbIE HAYaJIbHBIE U TPa-
HUYHBIE YCIOBHS (TEMIIEPATyPhl U JABJICHUE ra3a HA BITYCKE U BBIMYCKE, TEMIIE-
parypbl TWIb3bI, TOJOBKH, MOPLIHS, BHYTPEHHUX MOBEPXHOCTEH BIYCKHBIX W
BBIMYCKHBIX KaHAJIOB) 3aaBAJICh MO pe3ysbraram 0-1 MEpPHOro MOAEIUPOBA-
Hus. Havano pacdera COOTBETCTBOBAIO HAYATy OTKPBITHS BIYCKHOIO KilaraHa
(Ha4aj0 Mmepenycka, 3a30p B KJIanaHHOW MIEIW MPU 3TOM COCTaBWI OKOjio 0,25
mm) ipu 342 °TIKB (18 °TIKB no BMT). Bripeick 3anaibHON J03bI IU3EITBHOTO
TorumBa npousBojauics ¢ 702 xo 705 °I1IKB, uuknoBas 103a TONJIMBA COCTABUIIA
0,01r.

Bepudukauus moaenn npoBoauiack MyTeM CpaBHEHHs pe3ynbTaroB 0-1
MEPHOT0 U TPEXMEPHOTO PaCUeTOB (PUCYHOK 4). 3aMETHO XOPOLIEE COBIMAICHUE
PE3YABTATOB KAK IO BEJIMYMHE MAKCHUMAJIBHOTO JABJICHHS B LWJIMHIPE, TaK W
YLy €ro JAOCTHKEHHUS: p, pasimuactcs Bcero Ha 0,3 Gap (248,9 Gap ma 0-1
MepHOTro u 2492 Gap ans TpexmepHoro pacuera) npu yrae 729 °IIKB B 0-1
mepHoM 1 727°T1KB B TpexmepHOM pacdere. 110 OCpeqHEHHBIM TEMIIEpaTypam
pazauna 6onsbie (mpuMepHo 150 K), 4to, TeM HE MEHEE, COOTBETCTBYET pa3iu-
YUIO0 MEHEE YeM Ha 5%.

[Ipn Bepudukaumm pabouero mporecca ABUrarTelis MNPOU3BOANIIACH
HACTPOiiKa MoeM cropanusi KorepeHtHoro miamMmenu (CFM), B pe3ynbrare ue-
ro OblTM MPUHATH 3HaUYeHUs napamerpa moaenu SF = 0,16 (ero yMeHbIIEHUE
OPUBOJUT K CHUXKCHUIO MHTCHCUBHOCTH TEIUIOBBIACTICHNS ), 1 HAYAJIbHOM TUIOT-
HOCTH (PpOHTA IMJIAMEHM (BJIMSCT HA BEIMYMHY 3a0EPKKH BOCIUIAMCHCHUS) =

300 M7
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Xapakrtep pacnpeaesacHus CKOPOCTU TEIJIOBBIACICHHS B KAMEPE CrOpaHus
razoauseltst NpPeACTaBiIeH Ha PUCYHKE 5. B JaHHOM ciy4ae nepBblii MAaKCUMYM
COOTBETCTBYET OBICTPOMY CTOpPaHMIO 3amajbHON J03bl U Hayaldy TOPEHHUs OC-
HOBHOTO TOIJIMBA, BTOPOH — Pa3BUTOMY FOPEHUIO Ta30BO3AYIIHON CMECH B 11M-
nunape. [Tpu 3ToM Ams mpouecca cropaHus ra3oau3enis XapakTepHo Ooliee pas-
HOMEPHOE paclpe/ieiCcHUuE JIOKAIbHBIX MapaMeTPoB (TeMIeparyphl, CKOpOCTEi
raza) no oobemy KC B cpaBHEHMH C qu3eneM (PUCYHOK 6), YTO MPUBOAUT K HE-
BBICOKMM CKOPOCTSIM HApaCTaHWs JABJICHUS B CPABHEHUU C JU3EJIBLHBIM MPOLEC-
coM B Oa30BOM JBMIaTejie CO CXOXXMM 3HAYEHHEM CPEAHEro 3(PQPEeKTUBHOTO
pasiaeHust (pe = 25,4 Gap).

3HaunTeabHAS BEJIMYMHA BTOPOTO MUKA CKOPOCTH TEIJIOBBIACIEHUS (pU-
CYHOK 5), KaKk U BBICOKOE MAKCHUMaJIbHOE JABJICHUE B LUJIMHJIPE UCCIEIYyEMOTO
JBUTATENSl OOBACHIETCS JOCTaTOYHO Ooraroii cMechio (ap = 1,36). [Ipu HeoO-
XOJUMOCTH CHW)KECHHUSI P, MPU HEU3MEHHOM JIABJICHWMU HAJJyBa BO3MOKHO
o0eHEHNE Ta30BO3YLUIHON CMECH, YBEIMYEHHE MPOAOKUTENLHOCTH MOJAauM
3ananbHOM 1036l J{T, yMEHbILIEHHUE YTJIa ONEPEIKEHMS] BIPHICKUBAHUSI.

B pesynbTate pacuera ObUIM TaKXKe MOJyUYEHBI MApaMeTpbl paboyero teaa
BO BCEX TOYKAX PAcCMaTpUBAEMOro oObeMa Jyis MPOLIECCOB BIYCKA, MPOIYBKH
UJIMH/PA U BHIMYCKa OTPaOOTABIIUX ra30B.

JlokanbHbIE MapaMeTpbl padoyero Tejia MO3BOJISIOT C BBICOKOM TOYHO-
CTbIO TIPOTHO3MPOBATh YPOBEHb BHIOPOCOB BPEIHBIX BEUIECTB (OKCHIOB a30Ta,
TBEP/bIX YACTUILI, HECTOPEBILUX YIJIEBOAOPOAOB) B BBHIXJIOMHBIX ra3ax JBUTare-
75t (pucyHkH 7, 8). CTOMT OTMETUTh, YTO TBEPABIE YACTUILI, 0Opa3yroLIMECs B
UWIMHAPE PacCMaTPUBAEMOT0 Ta30U3€lid 32 CUET CrOpaHMs 3anajbHOM J03bI
JIT, mpakTUYECKH MOJHOCTHIO BHITOPAIOT K MOMEHTY OTKPBITUS BBIMYCKA, YTO
MOJIOKUTEIBHO CKa3bIBAETCS HA JKOJIOTMYECKUX XAPAKTEPUCTUKAX Ta30U3EIs.
B TO ke BpeMmsi, He CMOTpsl Ha BBICOKUN YPOBEHb (POPCUPOBAHUS IBUTATEINS TIO
cpeaHemMy >QQPeKTUBHOMY AaBiaeHUIO (p. = 25,4 Gap), Oonee paBHOMEPHOE pac-

npeaesieHue TEMIEPATYPHOTO MoJisi MO0 00bEMY KaMepbl CrOpaHusi MPUBOAUT K
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