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OnwucaH cnocob TensioMmexaHNYeckoro coBepLeHCTBOBAHUA NYNbCUPYIOLWLMX NMOTOKOB BO3yXa BO BﬂyCKHOVI cncre-
Me NopLIHEBOro ABuratena c Typ6OHa,D,L|,yBOM. OcHoOBHasA Lenb 4aHHOro NCCefoBaHNA COCTOUT B pa3pa60TKe cno-
coba nofaBNieHNA MHTEHCMBHOCTU TENNOOTAAUN ANA yny4lleHnA nokasaresnen 6e30TKazHOCTH nopLwHeBOro Asurare-
nac Typ6OHa,D,L|,yBOM. anBeneH KpaTKI/IVI o630p nnTepaTypbl NO yny4ylweHno nokasarenen HagexHoCTn NOpPLHEBbIX
aBuratenemn Pa3HOro HasHa4yeHuA. Hay‘-lHO-TeXHI/I‘-IeCKI/le pe3ynbTaTtbl NOJly4eHbl Ha OCHOBE 3KCMNEPMMEHTAJIbHbIX
nccnefoBaHNM Ha HaTypHOVI moaenu nopLlHeBOro Asurartena. Ona nonyyeHnA rasognHaMmmnyecknx n TENnNooO6MeH-
HbIX XapaKTepUCTUK NMOTOKOB ra3a MCNOJZIb30BaJiIcCA MeToAd TepMOaHeMOMETpPpUpoBaHUA. OnucaHbl na6opaToprle
cTeHabl n np|/|6opHo-|/|3Mepv1Teanaﬂ 6a3a. npep,CTaBHEHbI AaHHble O razoAnHaMunKke un TennoobmeHe CTauynOHap-
HbIX U MyNbCUPYIOLWKMX NOTOKOB BO3A4yXa B ra3oAnHaMN4eCKNX CMCTEMaxX pPa3HbIX KOHd)I/IpraLI,MVI NMPUMEHNTENDBbHO K
cncreme BO3LI,yXOCHa6>KeHMFI NOopLIHEBOIro aAsuratena c Typ6OHa,D,JJ,yBOM. I'Ipep,nomeH Ccnocob TennomexaHM4ecKkoro
coBepLlIeHCTBOBAHMUA NMOTOKOB BO BﬂyCKHOVI cncteme aBuratena Ha OoCHoBe XOHeliKomba ¢ uenbro CTa6I/U'II/I3aLI,VIVI
nynbcnpytowiero noOToka n nogaBneHnA MHTEHCMBHOCTU TENJTOOTAAYUN. nOﬂy‘-lEHbI AaHHble O MTHOBEHHbIX 3HaYeHNAX
CKOPOCTM NOTOKa BO3A4yXa 1 NOKaJIbHOIro KOBd)d)I/ILI,VIEHTa TeNNoOoTAa4YN KaK B BblIMyCKHOM KaHaje KomMmnpeccopa Typ-
60KOMﬂpeCCOpa (T. €. 6e3 nopLlHeBOro asuratens), Tak n BO BI'IyCKHOI7I cncTeme gBuratena C HagayBoM. npOBe,D,EH
CpaBHMTeanbIPI aHaIn3 nony4vYeHHbIX AaHHbIX. BbifiBNeHo, uto YyCTaHOBKa BblpaBHMBaI-OLU,e% peweTkn B BblrlyCKHOI7I
KaHan Typ60Komnpeccopa npneoanT K VIHTeHCVId)I/IKaLI,VII/I TennooTaayn B cpegHem Ha 9%. YcTaHOBNEHO, YTO Hanw-
yne BblpaBHI/IBaIOLU,ePI peweTkn B cncteme BnyCcka NopLliHeBOro Asuratena Bbi3biIBa€T NoAaBneHWe Tens1ooTaaun B
npegenax 15%8B CpaBHEHNN C 6a30BbIMY 3HaYeHUAMUN. NoKa3aHo, UTo npnmeHeHne MOLI,epHI/I3I/IpOBaHHOI;l BﬂyCKHOVI
cncrteme B An3esibHOM ABuratesie NoBbIlLAET ero BepOATHOCTb 6e30TKasHoM pa60TbI Ha 0,8%. nOﬂy‘-lEHHble AaHHble
MOoryT 6bITb pacnpocTpaHeHbl Ha Apyrme Tnnbl U KOHCTPYKLUUW CUCTEM BO3,£|,)/XOCHa6)KEHI/I$| TENoBbIX ABUraTenen.

KJTIOYEBBIE CJTOBA: nopLuHeBon ABuratesb, TypboKomnpeccop, BNyCKHasa CMCTeMa, CTalMOHapHble 1 NyNbCupyto-
LMe NOTOKK, Fa30anHaMMKa 1 TenioobmeH, BePOATHOCTb 6e30TKa3HoM paboTbl
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Thermal and mechanical improvement of the air supply system

of a turbocharged piston engine

Brodov Y. M., Plotnikov L. V.*, Desyatov K. O.

Ural Federal University named after the first President of Russia B. N. Yeltsin

19 Mira str., 620002, Ekaterinburg, Russia

A method of thermomechanical improvement of pulsating air flows in the intake system of a turbocharged piston
engine is described. The main objective of this study is to develop a method for suppressing the rate of heat transfer
to improve the reliability of a piston turbocharged engine. A brief review of the literature on improving the reliability
of piston engines is given. Scientific and technical results were obtained on the basis of experimental studies on a
full-scale model of a piston engine. The hot-wire anemometer method was used to obtain gas-dynamic and heat-
exchange characteristics of gas flows. Laboratory stands and instrumentation facilities are described in the article.
The data on gas dynamics and heat exchange of stationary and pulsating air flows in gas-dynamic systems of various
configurations as applied to the air supply system of a turbocharged piston engine are presented. A method of
thermomechanical improvement of flows in the intake system of an engine based on a honeycomb is proposed in
order to stabilize the pulsating flow and suppress the intensity of heat transfer. Data were obtained on the air flow
rate and the local heat transfer coefficient both in the exhaust duct of the turbocharger compressor (i.e., without
a piston engine) and in the intake system of a supercharged engine. A comparative analysis of the data has been
carried out. It was found that the installation of a leveling grid in the exhaust channel of a turbocharger leads to an
intensification of heat transfer by an average of 9%. It was found that the presence of a leveling grid in the intake
system of a piston engine causes the suppression of heat transfer within 15% in comparison with the baseline values.
It is shown that the use of a modernized intake system in a diesel engine increases its probability of failure-free
operation by 0.8%. The data obtained can be extended to other types and designs of air supply systems for heat

engines.

KEYWORDS: piston engine, turbocharger, intake system, stationary and pulsating flows, gas dynamics and heat
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MoplwHeBble ABMraTeny BHyTpeHHero cropanua (MABC)
AKTVIBHO NPUMEHSAIOTCA BO MHOTMX 06N1aCcTAX HayKU U TeX-
HWUKW, BKNOYaA TPaHCMOPTHOE MaLUMHOCTPOEHME, Manyto
(pacnpegeneHHyi0) sHepreTuKy (B TOM Yncse aBapuinHoe
3HeprocHabkeHne) M BOEHHO-MOPCKOE MNPUNIOXKEHME.
MN3BecTHO, uTo MABC BbipabaThiBaOT OKONMO 25% 3Hep-
rum B8 Mupe [1]. COOTBETCTBEHHO, COBEPLUEHCTBOBaHMUE
MOPLUHEBbIX ABWUraTeNell HamnpaBfieHO He TOJNIbKO Ha
NoBbIlEeHNEe TEXHUKO-IKOHOMUYECKMMU U 3KOJornye-
CKUX XapaKTepUCTUK, HO U ynydlleHne UX nokasatenemn
HagexHocTu [2].

KpaTko paccMoTpuvM COBpeMeHHble NCCNefoBaHuA no
aHanu3y 1 NporHosupoBaHuio HagexHocTn MNABC. Mox-
HO BbIJe/INTb HECKOJIbKO pa3HOHanpaBfieHHbIX Hay4HbIX
paboT, KoTopble MOCBALEHbI MOBbILEHUIO HAJEKHOCTU
cynosbix Asuratenen [3-5]. Abaei M. M. u gp. [3] npeg-
NOXXMWM aBTOPCKYIO CTPATErnio ynyylleHna HafexHoCTu
ONA 3HepreTMYecKknx YCTaHOBOK Ha 0a3e MnopLUHeBbIX
ABuUratTenen AnA MOPCKUX aBTOHOMHbIX, HaflBOZHbIX KO-
pabnei. A Knezevi¢ V. n gp. [4] BbINOAHWAW AeTaNbHbI
aHanu3 BAWAHUA AeTanen n ys3nos Typbokommnpeccopa
Ha HafeKHOCTb cypaoBoro Aasuratensa. Tak, Vera-Garcia
F. n gp. [5] npoBenu Knaccnmyeckoe mccnegoBaHue no
aHanu3y otkasos [MBC ¢ nomowbio COBPEeMEHHbIX WH-
$OopMaLMOHHbIX TEXHONOMMIA, N Ha 3TO OCHOBE pa3pa-

60Tann opurnHanbHy CUCTEMY AMArHOCTUKU, KoTopas
MOBbILAET NoKa3aTeny HaeXXHOCTWU CYAOBbIX [BUraTe-
nei. MonyyeHHble pe3ynbTaTbl MO3BOMAT YAYULWNTb MAaH
TexHmyeckoro obcnyxnsaHus, HagexkHoctb MABC n on-
TUMU3NPOBaATb PaboTy 3HepreTUyeckux YCTaHOBOK BO
Bpems 3KcnnyaTaunu.

Take noBblleHMe NoKa3aTeNiel HaAeXXHOCTU aKTyanb-
HO 1 B Apyrux obnacTax, Takmx Kak aBuauwma [6], Tenno-
Bo3bl [7] n gpyrune. Hanpumep, Wang M. n gp. [6] pa3pa-
6oTann MeToh AMArHOCTMKM HeucnpaBHocTer MABC no
COCTOAHUIO MOTOPHOrO Macsla C UCMONb30BaHUE WUCKYC-
CTBEHHOTO MHTENNIEKTa U MalMHHOro obyuyeHus. B csoto
ouyepepp, Szkoda M. n gp. [7] BbINOAHWAW OLEHKY BAUAHNKA
TEXHUYECKOro O6CNYKMBaHWNA Ha NMOKa3aTeNy HafeXXHOCTU
TENIOBO3HOro An3ens.

MHoOrve yueHble W WHXeHepbl 3aHMMAIOTCA COBep-
LIEHCTBOBaHMEM OTAENbHbIX AeTanei, y3nos, npouec-
COB B MOPLUHEBbIX ABUraTeNAX C LeNblo yNyyleHna ux
HagexHoctn. Cpean nopoOHbIX MCCNefoBaHUA MOXKHO
BblA€NNTb CTaTbM MOCBALEHHbIE ONTUMMU3ALUN MPOJOS-
KUTENBHOCTU WCNbITAHUA ANA NPOBEPKM HaAEXHOCTU
TeXHMYeCKMX nsgenui [8], Bbibop Matepurana NopLUHA ana
ynyulieHnA noKasaTenei 6e30TKazHOCTU CONMpPAXEHNA Ln-
NUHAP-KonbLa-nopLweHb [9], pa3paboTka cnocoba obpa-
6OTKM Pa3NNYHbIX OTKA30B AS1A CO34aHMA HOBOW CUCTEMbI
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TeXHNYECKOM ANArHOCTNKN C Lienblo yAyJlleHna nokasare-
nen HagexHocTw MNABC.

OTaenbHO MOXHO BbIAEeNnUTb pPaboTbl MO OLeHKe
BAUAHUA TennoobMeHa (TensioBblX HaMpPsXeHW) Ha
HafeXHOCTb Tex WM WHbIX 3NeMeHTOB pABuratenem
[10-12]. B 3Tux mccnegoBaHMAX cneunannctbl M3yya-
0T YPOBEHb Tensionepenayn B LMANHAPE U ero Bo3fgen-
CTBME Ha HafeXHOCTb OCHOBHbIX AeTanen n y3nos MOBC
[10], pa3pabaTbiBalOT ynyulEHHY0 CUCTEMY TEna0BOro
ynpasneHua geuratenem [11], co3gaioT matemMaTnyecKkyto
MOAenb TepMOAMHAMNYECKNX OTKA30B ANA CyAOBbIX ABU-
ratenen, Tak HasblBaemblli, UMUTATOP OTKA30B, KOTOPbI
CNYXWUT ANA MNPOrHO3MPOBaHMA OTKa3oB W Yynyu4llueHUA
HagexHocTn [12], a TakKe NPOBOAAT OLEHKY UHTEHCUB-
HOCTW TEnNoOTAauM B cUCTeMax rasoobMeHa Ha Mokasa-
Tenn HafeKHOCTWN MOPLUHEBbIX ABUraTesiell pa3HoOro Ha-
3HaueHwus [13, 14].

Taknm obpazom, cneflyeT OTMETUTD, YTO B UCCNIeJOBaHW-
AX QPYrvx aBTOPOB YAenAeTcA HefoCTaTOYHO BHUMAaHWUA
BNAHWIO TEPMOMEXAHWUKMN Fa30BbIX MOTOKOB BO BMYCK-
HbIX 1 BbIMYCKHbIX CUCTEMAaxX Ha MOKa3aTenn HageXHOCTn
nopLIHeBbIX ABUratenen ¢ Typbokomnpeccopom (TK). Co-
OTBETCTBEHHO, OCHOBHble LiefiM JaHHOro MccnefoBaHuA
COCTOAT B NOMYYEHUWN HOBbIX AaHHbIX O TernsioMexaHu4e-
CKMX MpoLieccax NOTOKOB ra3a B BbIMYCKHOM KaHasie KOM-
npeccopa Typbokomnpeccopa v BnyckHow cucteme MABC
C HayBOM, M Ha NX OCHOBe pa3paboTaTb cnocob nopa-
BNeHWA NHTEHCUBHOCTW TENSIOOTAAUN ANA yNyYlleHNA no-
Ka3aTenen 6e30TKasHOCTV NOPLUHEBOrO ABUraTens.

[laHHOe unccnegoBaHMe COCTOANO M3 ABYX 3Tanos. Ha
NepBOM M3 HWUX M3y4anncb TenJoMexaHn4yeckme npouec-
Cbl CTaLMOHAPHbIX MOTOKOB BO3yXa B BbIMYCKHbIX KaHanax
komnpeccopa TK, nmerowux pasHyo koHdurypaumo. Ha
BTOPOM 3Tarne UCCnefoBanncb ra3oguHamumKa 1 Tennoob-
MeH MyNbCMPYIOLLMX MOTOKOB BO3AyXa BO BMYCKHOWN CUCTe-
Me C KaHanamu pasHon KOHGUrypauum npuMeHUTENbHO K
MNAOBC c TK.

BBray CNOXHOCTM M3yyaembiX MPOLECCOB, 3a OCHO-
BY Obln MPUHAT 3KcnepuvMeHTanbHbll nopxod. Coot-
BETCTBEHHO, 6blo pa3pabotaHo pABa nabopaTopHbIX
cteHpa. OguH 13 HKUX npepacTaBnAn coborl aBTOHOMHbIN
Typb6okomnpeccop (TKP-6), T. e. oH dyHKLMOHUPOBaN
6e3 BAMAHUA nopwHesoro Asuratens. Mpueog TK ocy-
WeCTBAANCA NOCPeACTBOM NOAAUM CXKATOro Bo3dyxa Ha
nonatky TypObuHbI OT NMOCTOPOHHEro UCTOYHMKa. YacToTa
BpalleHus potopa TK n._coctaBnsana ot 20 000 MuH" go
60 000 mMyH'. [JaTuMKM YCTaHABMBANNCDL B BbIMYCKHOM
KaHane komnpeccopa TK (onncaHne nameputenbHON cu-
CTEMbI CM. HUXe).

CTpyKTypHaa cxema ApYyron sKCneprMMeHTaslbHON ycTa-
HOBKMW Ha 6a3e oiHOUMANHAPOBOrO NOPLIHEBOTO JBUraTe-
nA ¢ TK npeactaBneHa Ha pucyHke 1, a ee doTorpadus Ha
pucyHke 2. Kak BMAHO 13 prcyHKoB 1 1 2, nabopaTopHblli
CTeHf npepactaBnan cobon OfHOUWAUHAPOBYI Mopfesb
NnopLlIHeBOro Auratensa (guameTtp unavHgpa — 82 M,
xof nopwHa — 71 MM), KOTOpbI/ OCHaLlanca TypboKom-
npeccopom (TKP-6). MNpusog koneHuatoro Bana MABC ocy-
LWeCTBAANCA C NOMOLLbIO aCMHXPOHHOIO 31eKTPUYECKOro
ZBWraTens n perynmpoBasnca nocpescTBom npeobpasosa-
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PucyHok 1. CTpyKTypHas cxema 3KCMepUMEeHTanbHOro CTeHaa AnA
MCCNEAOBaHNA TENIOMEXaHNYECKNX XapaKTePUCTUK NYNbCUPYOLLMX
MOTOKOB rasa B cMCTemMe BO3AyXOCHabxeHusa: 1 — nHeBMONpMBOL,
poTopa Typbokomnpeccopa; 2 — Typ6oKommnpeccop; 3 — BbiMyCKHON
KaHan Komnpeccopa; 4 — 1ccnenoBaTenbCKni KaHas; 5 — BnyCcKHOM
KonnekTop ABuratens; 6 — Mofesb NOPLIHEBOro fiBuraTens; 7 — anek-
TPONPUBOA KOMNeHBana ABuratens; 8 — npnbopHo-n3MepuTenbHas cu-
cTema; 9 — NepcoHasbHbIi KOMMbIOTEP

Figure 1. Block diagram of the experimental stand for the study of
thermal-mechanical characteristics of pulsating gas flows in the air
supply system: 1 — pneumatic drive of the turbocharger rotor; 2 —
turbocharger; 3 — compressor outlet channel; 4 — research channel;
5 — engine intake manifold; 6 — piston engine model; 7 — electric
drive of the engine crankshaft; 8 — instrumentation and measuring
system; 9 — personal computer

PucyHok 2. QoTorpaduna sKcnepumeHTanbHoro cteHga: 1 — Tpybo-
npoBofbl ANA NOABOAA CKAaTOro BO3AyXa (MHeBMONpuBoA); 2 — Typbo-
KoMnpeccop; 3 — BbINYCKHOM KaHan KoMnpeccopa; 4 — uccnesyembiii
KaHan; 5 — BnyckHow konnekTtop; 6 — mopaenb NABC; 7 — anekTpunye-
CKWIN AoBUraTenb

Figure 2. Photo of the experimental stand: 1 — pipelines for supplying
compressed air (pneumatic drive); 2 — turbocharger; 3 — compressor
outlet channel; 4 — investigated channel; 5 — intake manifold; 6 —
model of a piston internal combustion engine; 7 — electric motor

TenA 4yacToTbl B Anana3oHe CKOpocTen BpaLlleHna 1 ot 600
00 3 000 muH". Bonee noapo6Hoe onmncaHne sKkCnepumeH-
TaslbHbIX YCTAHOBOK NpefcTasneHo B [15].

Nccnepyemaa rasopgmHammyeckas cuctema cocTossna
M3 BbIMYCKHOIO KaHana Komnpeccopa (pa3Hon KoHbu-
rypauuu), nccnefoBatenbCKoro KaHana (AnA ycTaHOBKM
[JaTYMKOB), BMYCKHOrO KOJJleKTopa ABuratensa 1 KaHana
B rofloBKe LMANHAPA C KnanaHHbIM MexaHU3MoM (co3fa-
IOWKM nNynbcrpylolee TeyeHre Bosgyxa). Obwasa anvHa
rasogMHamMmn4ecKon cncTeMbl COCTaBfANa okosio 750 mm.
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a) a) 6) b)

B) €)

PucyHok 3. TpexmepHas Mofenb BblpaBHMBaloOLLEN peLleTKy (a), ee OCHOBHble reoMeTpuyeckie pasmepsl (6) n potorpadus ()
Figure 3. A three-dimensional model of the leveling grid (a), its main geometric dimensions (b) and a photo (c)

KoHTpOsibHOE ceyeHme B NCCNELOBATENbCKOM KaHase Ha-
XOAMNOCh Ha paccToAHMU 150 MM OT BbINMYCKHOrO KaHana
komnpeccopa TK. BHyTpeHHUI grnameTp Bcex Tpybonpo-
BOAOB cocTaBnAn 32 mm. Pabouelt cpefoli B onbiTax ABNAS-
€A BO3AyXx € Temnepatypown 40-45°C.

MopepHuM3auma KOHCTPYKUMM BMYCKHOW CUCTEMbI 3a-
K/toyanacb B yCTaHOBKE BblpaBHUBAOLLEN PeLLeTKN B Bbl-
NycKHOW KaHan Komnpeccopa TK (pucyHok 3). Mi3BecTHO,
yTO CTabMnNM3aumnsa TeyeHuA (BblpaBHBaHUE NOA CKOPO-
CTell B KaHane, CHXXeHre NynbCalNOHHbIX COCTaBAALNX
cpefiHell CKOPOCTY MOTOKa) B HONbLUMHCTBE Criyyae npu-
BOAAT K NOAABNIEHWIO TEN/IOOTAAYM B ra3ogMHaMUYECKON
cucTEMe, a COOTBETCTBEHHO, U CHUXKEHMIO TEMNEPaTYPHbIX
HanpAXXeHW B HeN.

B xoge npoBefeHnNa sKCNepUMeHTaNbHbIX UCCNefoBa-
HWIA onpefenanucb cnepyowme Grsnyeckre BENNYUHDI:
MrHOBEHHble 3HAUeHUA CpefHel CKOPOCTU B NOMNepeyHoOM
ceyeHnn w, (TepMoaHeMOMETP MOCTOAHHON TemmnepaTy-
pbl), NOKabHbIV KO3bPMLIMEHT TennooThaum o, (Tennoson
JaTunKk U TepMOaHeMOMeETp), TemMnepaTypa NOTOKa BO3-

Ayxa (Tepmonapa), CKopocTu BpalleHusa potopa TK #,.n
konensana MABC 7 (undpoBON N aHANOroOBbI TAXOMETPDI,
COOTBETCTBEHHO). Bce aHanoroBble curHanbl C AaTUYMKOB
noctynanu B aHanoro-undpoBor npeobpasosaTens AnA
nepegauv B cneumann3mpoBaHHoe NporpammHoe obecne-
yeHue 1 ganbHeriwen o6paboTkn. MeTogmnKkn n ocobeHHo-
CTV NPOBEeAEHUA SKCNEPVMEHTOB NogpobHee onuncaHbl B
MoHorpadun [15].

Ha pucyHke 4 nokasaHbl nepBurYHbIe JaHHbIe O ra3oau-
HaMMKe 1 TeNNooTAaue CTalMOHaPHbIX MOTOKOB B 6a30BOM
BbIMYCKHOM KaHane Komnpeccopa TK 1 KaHane c Bblpas-
HUBaloLLen pelleTKol. M3 pucyHka BMAHO, YTO YCTaHOBKa
BblpaBHMBAIOLLEN peLleTKN NPUBOAUT K HE3HAUUTENbHO-
My MafieHNI0 CpefHel CKOpOCTU MOToKa (B cpefHEM Ha
5-10%) no cpaBHeHM0 ¢ 6a30BbIM BbIMYCKHbIM KaHasoM.
Takxe CHMXKaeTcA YacToTa NynbcaLlmii MTHOBEHHbIX 3Haue-
HWUI CKOPOCTW MOTOKA, HO YBENMUMBAETCA UX aMMNIMTYAa.
Takoe HeofHO3HauHOe BAUAHWE BblPaBHMBaOLEN pe-
LIETKM Ha ra3oAuHaMIKy CTaLMOHapHOro NOToKa BO3AyXa
MOXKHO OOBACHWUTL HaNUUMEM [OMNOSIHUTENBHOTO BO3MY-
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PucyHok 4. 3aBucrMocTy oKanbHbiIX (I, = 150 MM) ckopocTh noToka Bo3ayxa w, (1) n KoaddnumeHTa TennooTgaun o, (2) ot BpemeHu T B 6aso-
BOM BbIMYCKHOM KaHare Komnpeccopa (a) 1 KaHane ¢ BblpaBHBaloLLiel peleTkoii (6) npu yacToTe BpalleHus potopa Typbokomnpeccopa 71, =

45 000 MuH"

Figure 4. Dependences of the local (I, = 150 mm) air flow velocity w, (1) and the heat transfer coefficient a, (2) on time 7 in the base exhaust duct
of the compressor (a) and in the duct with the equalizing grid (b) at the turbocharger rotor speed #, = 45,000 min™
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PucyHOK 5. 3aBUCMOCTb OCPEAHEHHOTO KO3GOULIMEHTA TENNIOOTAAYM OT YaCTOTbl BPALLEHUS
poTopa TypboKomnpeccopa Ans BbiMyCKHbIX KaHaNoB pa3Hoi KoHpurypaumm: 1 — 6a3o8biin

KaHaJ; 2 — KaHan C BblpaBHMBaloOLLEl peLleTKomn

Figure 5. Dependence of the averaged heat transfer coefficient on the rotational speed of the
turbocharger rotor for exhaust channels of different configurations: 1 — base channel; 2 —

channel with a leveling grid

watouero GpakTopa B paccmMaTpvBaemon rasogmHammnye-
CKOW CCTEME, @ UMEHHO, ONaToK Komnpeccopa. Jlonatku
OKa3blBaloT MEXaHU4eckoe BO3AENCTBME Ha TeyeHue, KO-
TOpOe CYWeCTBEHHO 3aBUCUT OT YacTOTbl BpalleHus po-
Topa Typbokomnpeccopa. B cBoto oyepenb, MTHOBEHHbIE
3HaYeHUA NIoKaJIbHOro KoadduureHTa TeNIOOTAAUM B Bbl-
MYCKHOM KaHasle C BblpaBHMBaloLLeit peLueTKomn, Hao6opoT,
HeCKO/bKO YBenunuuBaloTcs. Mpu 3ToM UMeeT MecTo CHU-
XKeHne aMnanTyA NyNbcaLuii o .

Ha puicyHke 5 nokasaHbl 3aBUCUMOCTV OCPeAHEHHOro
KoapduumeHTa TenaooTaaum oT 4acToTbl BpalleHust po-
Topa Typbokomnpeccopa AMs BbiMYCKHbIX KaHaNIOB pas-
HOM KOHOUrypauun. U3 pucyHka 5 BUAHO, UTO YCTaHOBKA
BblPaBHMBAIOLEH peweTKn NPUBOAUT K POCTY CPeaHnx
3HAUEHWUI JIOKaNbHOro KoapduureHTa Tennootaaun B
BbIMYCKHOM KaHane Komnpeccopa (B cpegHem Ha 9%) no
CpaBHEHUIO C 6a30BbIM KaHaSIOM.

|
n.., min
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Taknm o6pa3om, Mo pesynbraTam
ST nepBoro sTana McciefoBaHUM, MOXHO
3aK/IOYNTb, YTO YCTaHOBKA BblPaBHU-
BalOLWEN peLleTKn He MOXeT paccma-
TPMBATbCA KaK Crocob TensiomexaHunye-
CKOro COBEpPLUEHCTBOBAHMA MPOLECCOB
B BbIMYCKHOM KaHane Komnpeccopa TK
C Uenblo NOAABNEeHNA WUHTEHCUBHOCTU
TenaooT4aun N yMeHblUeHMA Tepmuye-
CKNX HaNpaXeHN.

Ha BTopom sTane uccnegoBaHui us-
yyYanucb rasoguHamrka u TennoobmeH
NynbCYpPYIOWMX MOTOKOB BO3AyXa BO
BMYCKHbIX CCTEMAX Pa3HON KoHOUrypa-
uun npumenutensHo K MNABC ¢ TK. MNep-
BMYHbIE 3KCMEpUMEHTabHble [aHHbIe
3TOro 3Tana npefcTaBneHbl Ha PUCYHKe 6.

N3 pucyHKa 6 BMAHO, YTO YCTaHOBKA
BblpaBHMBaloLWelr peleTKn BO BMYCK-
HYI0 CUCTEMY NMPUBOAUT K HE3HaUUTENb-
HOMY CrlaXKMBaHWIO KonebaHWn MrHOBEHHbIX 3HauyeHui
CKOPOCTU MOTOKa BO3Ayxa MOcCne 3aKpbITUA BMYCKHOrO
KnanaHa no cpaBHeHWUio ¢ 6a3oBoi cuctemont. Mpu 3Tom
MaKC/MMasibHble 3HauyeHWA CKOpPOCTM MOTOKa BO3AyXa
NPaKTUYeCKN He N3MEHAITCA (YTO CBMAETENbCTBYET O He-
3HAUYMTENIbHOM POCTE TMAPAaBINYECKOrO COMPOTMBAEHMA
cuctembl). Ha HekoTopyto cTabunmsauuio nynbcupyoLle-
ro TeYyeHWA yKasblBaeT CHWDKEHWe cTerneHn TypbOyneHT-
HOCTM NMOTOKa B cpefHem Ha 20% BO BMYCKHOW cucteme
C BblpaBHUBalLeN pelweTkon. bonee 3ameTHoe BNMAHKE
OKa3blBaeT BblpaBHMBaOLWAA peleTka Ha 3aBUCUMOCTb
a, = f(7): MrHOBEHHble 3HaueHNs NOoKanbHOro KoadduLK-
€HTa TennooTAauYN CyLIeCTBEHHO YMeHbLUatoTca (o 2 pas3
no cpaBHeHuo C 6a30BON cucTemol BrycKka). BepoaTHo,
CHUXXeHNe WHTEHCMBHOCTW Tennootgayn BO BMYCKHOM
CUCTeME C peLleTKON MOXHO OOBACHUTbL CTabunusauu-
el NynbCcMpyloLero TeueHns, BCeACTBME Yero B NoToke

60000
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PucyHoK 6. 3aBncumocTi MectHol (1, = 150 MM) CKOpOCTM NOTOKa Bo3ayxa W, (1) 1 IOKaNbHOMO Ko3GdULMeHTa TeNI00TAAUN o, (2) OT BpeMeHH
T B 6a30BOI1 BMYCKHOI crcTeMe (a) U cicTeMe C BbIPaBHMBAIOLLEN peleTKoil (6) npy YacToTe BpaLeHns KoneHsana asuratens # = 3000 My 1
CKOPOCTY BPaLLeHs potopa Typbokomnpeccopa 71, =42 000 MuH!

Figure 6. Dependences of the local (I, = 150 mm) air flow velocity w,. (1) and the local heat transfer coefficient a, (2) on time 7 in the base intake
system (a) and the system with a leveling grid (b) at the engine crankshaft speed n = 3000 min™' and the rotational speed of the turbocharger rotor
n,.=42,000 min’
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PucyHoK 7. 3aBUCMOCTb OCPEAHEHHOTO KO3GdULIMEHTa TENNOOTAAUN OT CPeAHePacXoa-
HOW CKOPOCTU NOTOKa BO BMYCKHOM CMCTEME pa3HOM KoHdurypaumm: 1 — 6a3osas cuctema

BMNYCKa; 2 — CUCTEMA C BbiPaBHMBAIOLLEN peLleTKon

w, m/s
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ABUraTenemn, Yto NONOKUTENbHO CKa3sbl-
BaeTCA Ha VX MOKa3aTenAx HajeHoCTn
[14]. B paHHOM cnyyae npuMeHUTeNbHO
K gm3ento 64YH 21/21 (npowmnssoacTtso
OO0 «YpanbCkuin [mM3enb-MOTOPHbIN
3aBof») AnA paboTbl B COCTaBe aBapuii-
HOW 3NeKTpoCcTaHUMK Bbina paccunTaHa
WHTEHCMBHOCTb OTKa30B AnA 6a3oBoi
CMCTeMbl BMYCKa M CUCTEMbl C BblpaB-
HMBawlLLen peweTkon (pucyHok 8). Ha
80 OCHOBaHWUM 3TMX [aHHbIX Gbina nepe-
CcynTaHa BepOATHOCTb 6e30TKa3HOM
paboTbl ANA paccmaTprBaemMoro ausens
npu Hapabotke 3000 vacoB, KOoTopas
Bblpocna Ha 0,8%.

Figure 7. Dependence of the averaged heat transfer coefficient on the average flow rate

in the intake system of various configurations: 1 — basic intake system; 2 — system with a

leveling grid
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PucyHoK 8. [lnarpammbl U3MeHeHNA UHTEHCUBHOCTY 0TKa30B A (a) BNyCKHOIT cucTeMbl aun-
3ens 64H 21/21 n BepoaTHOCTM ee Ge3oTkasHoi paboTbl P (6) ana 6a3osoit cuctembl (1) n

CUCTEMbI C BbIpaBHUBAIOLLEN peLleTKol (2)

Figure 8. Diagrams of changes in the failure rate A (a) of the diesel intake system (dimension
21/21) and the probability of its failure-free operation P (b) for the basic system (1) and the

system with a leveling grid (2)

dopmupyetca 6onee ycTonumBbIli NOrPaHNYHbIN CION, KO-
TOPbI NPEenATCTBYET TENNO0OMEHY MeXIY AAPOM NOTOKa
M CTEHKaMW KaHana.

Ha pucyHke 7 npeactaBneHbl 3aBUCUMOCTU OCpPefHeH-
Horo kKoadduureHTa TeNNOOTAAUN B BbIMYCKHbIX CUCTEMAX
pa3Hon koHburypauum. OcpegHeHmne o, OCYLLECTBIANOCH
3a nepuoA npouecca BMycka, T. €. 33 Neprof BpemeHu,
Korga OTKPbIT BMYCKHOW KnanaH. M3 pucyHka BUAHO, 4To
yCTaHOBKa BbIPaBHMBAIOLLEN peLIeTKN BO BMYCKHYIO CU-
ctemy MABC ¢ TK npuBoauT K NoAaBneHnio Tennootgaym
(Ha 5-15%) BO BCeM nMccnegoBaHHOM AmMana3oHe CKOpo-
CTel NOTOKa BO3AyXa. DTO CHU3UT TeMnJioBble Harpy3Ku Ha
OCHOBHbIE 3/IEMEHTbI Fa30AMHaAMNYECKON CUCTEMbBI U MO-
TEHUMaNbHO MOBbLICUT HAaZEXHOCTb NOPLUHEBOro ABUraTe-
NnA B LENOM.

Ha ocHoBe pe3ynbraToB 3KCMepuUMeHTasIbHbIX UCCNefo-
BaHUWM NpoBoAwIacb pacyeTHaa oueHKa NOTeHLUMaNbHbIX
NoNoOXnUTeNbHbIX 3GGEKTOB OT NPUMEHEHUA BMYCKHOM
CUCTEMbI C BblpaBHMBAKLWEN peLleTKon. M3BecTHo, uTo
CHVXXeHNe NHTEHCUBHOCTU TENIO0TAAUYN MeXAY MOTOKOM
MU cTeHKamn TpybonpoBofa MPUBOAUT K YMEHbLUEHUIO
TenoBbIX HaNPsXKeHWU B feTanAaxX U y3nax MOpLIHEeBbIX

P(3000), % 2

BbiBOADI

1. Pa3paboTaHbl W  U3roTOBJIEHDI
SKCMepuMeHTaNlbHble YCTaHOBKU AnA
nccnegoBaHmsA TennomexaHn4yecknx
;:“'1 XapaKTePUCTUK CTaLMOHAPHBIX U Nysb-

CMPYIOLLMX MOTOKOB B BbIMYCKHOM KaHa-
ne Komnpeccopa Typbokomnpeccopa 1
BMYCKHOWN CUCTEME MOPLUHEBOrO ABUra-
TenAa C HagdyBOM, OCHalleHHble n3Me-
puTenbHOW annapatypoin ¢ Heobxoau-
MbIM BbICTpOAENCTBMEM;

2. Mony4yeHbl AaHHbIe O razognHamun-
Ke 1 TennoobmeHe CTaLMOHAPHbIX No-
TOKOB B BbIMYCKHOM KaHasne KOMMnpecco-
pa Typb6okomnpeccopa; BbIABNEHO, YTO
yCTaHOBKa BblpaBHMBAIOLLEN PeLIeTKN B
JaHHbIN KaHan NpuUBOAUT K MHTeHCUdU-
Kauuwn Tenaootgaun B cpegHem Ha 9%
Mo cpaBHeHMIO ¢ 6a3om;

3. MNpepactaBneHbl JaHHble O TEMno-
MeXaHNYeCKNX XapakTepucTnkax nyibCnpyoLwmnx noTokos
BO BMYCKHOW CcucCTeMe MOPLIHEBOro ABuratens ¢ Typbo-
HagAyBOM; YCTAHOBMEHO, YTO Hanunuue BbipaBHUBAIOLLEN
peLleTKn B C1cTeMe BMyCKa Bbi3blBaeT NOAABMIeHNe Tenso-
oTaaun B npepenax 15% B cpaBHeHMM C 6a30BbIMU 3Haye-
HUAMUY;

4. TloKas3aHO, YTO MpUMEHeHne MOAEePHU3NPOBAHHOMN
BMYCKHOW cucTeme B gusene (64H 21/21) nosbicuT ee Be-
pPOoATHOCTb 6e30TKa3HoN paboTbl Ha 0,8%;

5. OnucaHHble pe3ynbTaTbl paclMpAT 6a3y 3HaHWA O
Tennodusnyeckrx npoLeccax NOTOKOB BO3yXa B ra3ofuHa-
MUYECKMX CMCTEMAX CITOXKHOM KOHOUrypaLum 1 MOryT UMeTb
npakTMyeckoe npumMmeHeHve B 061acT NOPLIHEBOrO ABUra-
TeNecTpoeHna Npy MoAepHM3aLMmM CMCTEM ra3oobmMeHa.

CNNcoK NCnoab30BaHHbIX NCTOYHUKOB

1. ReitzR. D., Ogawa H., Payri R., Fansler T. [et al.] IJER editorial: The
future of the internal combustion engine. International Journal of
Engine Research 2020; 21(1): 3-10.

2. Nahim H. M,, Younes R., Shraim H., Ouladsine M. Oriented review
to potential simulator for faults modeling in diesel engine. Journal



HadexHocme u 6e3onacHocme 3Hep2emuKu
20212.-T.14-N2-c. 108-114
bpodos 0. M., [lnomHukos Jl. B., fecamos K. O.

of Marine Science and Technology (Japan) 2016; 21(3): 533-551.
3. Abaei M. M., Hekkenberg R., BahooToroody A. A multinomial

process tree for reliability assessment of machinery in autonomous

ships. Reliability Engineering and System Safety 2021; 210: 107484.

4. Knezevi¢ V., Orovi¢ J,, Stazi¢ L, Culin J. Fault tree analysis and
failure diagnosis of marine diesel engine turbocharger system. Journal
of Marine Science and Engineering 2020; 8(12): 1004.

5. Vera-Garcia F, Rubio J. A. P, Grau J. H., Herndndez D. A.
Improvements of a failure database for marine diesel engines using
the RCM and simulations. Energies 2019; 13(1): 107.

6. Wang M. Ge Q, Jiang H. Yao G. Wear fault diagnosis of
aeroengines based on broad learning system and ensemble learning.
Energies 2019; 12(24): 4750.

7. Szkoda M., Kaczor G., Pilch R., Smolnik M., Konieczek Z. Assessment
of the influence of preventive maintenance on the reliability and
availability indexes of diesel locomotives. Transport Problems 2021;
16(1):5-18.

8. Ferndndez A. J. Optimal durations of Weibull reliability tests
based on failure counts. Computers and Industrial Engineering 2021;
156: 107247.

9. Mechalikh M., Benhammou A., Zidane I, Bettahar A. Study
of piston thermo-elastic behaviour under thermomechanical
solicitations. International Journal of Automotive and Mechanical
Engineering 2019; 16(4): 7287 -7298.

10. Berni F, Cicalese G., Borghi M., Fontanesi S. Towards grid-
independent 3D-CFD wall-function-based heat transfer models for
complex industrial flows with focus on in-cylinder simulations. Applied
Thermal Engineering 2021; 190: 116838.

11. Liu H., Wen M,, Yang H., Yue Z, Yao M. A Review of Thermal
Management System and Control Strategy for Automotive Engines.
Journal of Energy Engineering 2021; 147(2): 03121001.

12. Pagan Rubio J. A, Vera-Garcia F, Hernandez Grau J.,, Mufioz
Cdmara J., Albaladejo Hernandez D. Marine diesel engine failure
simulator based on thermodynamic model. Applied Thermal
Engineering 2018; 144: 982-995.

13. BrodovY.M,, Grigoryev N.I., Zhilkin B. P, Plotnikov L. V., Shestakov
D. S. Increasing Reliability of Gas-Air Systems of Piston and Combined
Internal Combustion Engines by Improving Thermal and Mechanic
Flow Characteristics. Thermal Engineering 2015; 62(14): 1038-1042.

14. bpogos 0. M., 2KunkuH b. I1., MnotHukos J1. B. CHrxeHve Tenno-
BOW HaNPsXEHHOCTN BMYCKHBIX W BbIMYCKHbIX CUCTEM ABUraTenei BHy-
TPEeHHEro cropaHusa ¢ Hapaysom. HagexHocTb 1 6e30nacHoOCTb aHep-
retuku 2016; 1(32): 19-23.

15. MnoTHukos J1. B. HecTaunoHapHble TennomexaHnyeckue npo-
Llecchl B cMcTeMax razoobmeHa nopLIHEBbIX ABuratenen ¢ TypboHaa-
AyBOM: MoHorpadua / nog obw. pea. b. M. XKunkuna, 10. M. Bpoposa.
ExaTepuH6ypr: U3g-8o Ypan. yH-Ta 2020;: 204.

References

1. Reitz R. D, Ogawa H. Payri R, Fansler T. [et al] IJER
editorial: The future of the internal combustion engine.

Safety and Reliability of Power Industry
2021, vol. 14,no. 2, pp. 108-114
Brodov Y. M., Plotnikov L. V., Desyatov K. O.

International Journal of Engine Research 2020; 21(1): 3-10.
2. Nahim H. M., Younes R., Shraim H., Ouladsine M. Oriented review

to potential simulator for faults modeling in diesel engine. Journal of

Marine Science and Technology (Japan) 2016; 21(3): 533-551.

3. Abaei M. M., Hekkenberg R., BahooToroody A. A multinomial
process tree for reliability assessment of machinery in autonomous
ships. Reliability Engineering and System Safety 2021; 210: 107484.

4, Knezevi¢ V., Orovi¢ J., Stazi¢ L., Culin J. Fault tree analysis and
failure diagnosis of marine diesel engine turbocharger system.
Journal of Marine Science and Engineering 2020; 8(12): 1004.

5. Vera-Garcia F, Rubio J. A. P, Grau J. H, Hernédndez D. A.
Improvements of a failure database for marine diesel engines using
the RCM and simulations. Energies 2019; 13(1): 107.

6. Wang M., Ge Q, Jiang H. Yao G. Wear fault diagnosis of
aeroengines based on broad learning system and ensemble learning.
Energies 2019; 12(24): 4750.

7. Szkoda M., Kaczor G., Pilch R, Smolnik M. Konieczek Z.
Assessment of the influence of preventive maintenance on the
reliability and availability indexes of diesel locomotives. Transport
Problems 2021; 16(1): 5-18.

8. Fernandez A. J. Optimal durations of Weibull reliability tests
based on failure counts. Computers and Industrial Engineering 2021;
156:107247.

9. Mechalikh M., Benhammou A., Zidane |, Bettahar A. Study
of piston thermo-elastic behaviour under thermomechanical
solicitations. International Journal of Automotive and Mechanical
Engineering 2019; 16(4): 7287 -7298.

10. Berni F, Cicalese G., Borghi M., Fontanesi S. Towards grid-
independent 3D-CFD wall-function-based heat transfer models
for complex industrial flows with focus on in-cylinder simulations.
Applied Thermal Engineering 2021; 190: 116838.

11. Liu H., Wen M., Yang H., Yue Z., Yao M. A Review of Thermal
Management System and Control Strategy for Automotive Engines.
Journal of Energy Engineering 2021; 147(2): 03121001.

12. Pagan Rubio J. A, Vera-Garcia F, Hernandez Grau J., Mufioz
Cémara J., Albaladejo Hernandez D. Marine diesel engine failure
simulator based on thermodynamic model. Applied Thermal
Engineering 2018; 144: 982 -995.

13. Brodov Y. M., Grigoryev N. I, Zhilkin B. P, Plotnikov L. V.,
Shestakov D. S. Increasing Reliability of Gas—Air Systems of Piston and
Combined Internal Combustion Engines by Improving Thermal and
Mechanic Flow Characteristics. Thermal Engineering 2015; 62(14):
1038-1042.

14. Brodov Yu. M., Zhilkin B. P, Plotnikov L. V. Reducing the thermal
stress of the intake and exhaust systems of supercharged internal
combustion engines. Safety and Realiability of Power Industry 2016;
1(32): 19-23. (In Russ.)

15. Plotnikov L. V. Non-stationary thermomechanical processes
in gas exchange systems of piston engines with turbocharging:
monograph / under total. ed. B. P. Zhilkina, Yu. M. Brodov.
Yekaterinburg: Ural University Publishing House 2020;: 204 p. (In
Russ.)



