HALIOHAJILHUM TEXHIYHWI VHIBEPCUTET
«XAPKIBCBLKUI MTOJUTEXHIYHWI IHCTUTY Ty
MIHICTEPCTBO OCBITH | HAVYKH YKPAIHIH

Keamdikauiiina naykosa

npaus Ha fnpapax pyKOIHey
Ieaecros Makenm CepriiioBny
YK 621.436
AUCEPTALLISL
BUBIP TA OBIPYHTYBAHHS IAPAMETPIB CHCTEMH HA/L1YBY
[TOBITPSI BUCOKO®OPCOBAHOI'O JIBOTAKTHOI'O JIM3E. 151

CIHIEHIAJIBHOI'O IPU3HAYEHHS

142 — Enepretnune MawnnoGyaysanms

14 — Enextpuuna inKeHepis
[lonaetbes na 31006yTTa HaykoBOro ctynens Aoktopa (pinocodii

Jluceprauis MICTHTL pe3yabTaTH BAACHHX J0C/HKeHb. Bukopucranus iseii, pesyapraris

| TEKCTIB IHIIMX aBTOPIB MAIOTh NOCH/IAHHS Ha BIANOBIIHE JUKEPEo

f
Py il M.C. lllenecror
S

Haykosi kepiBHikn:
Kpasuenko Cepriii Cepriiiosuu

KAH/IH1aT TEXHIYHHX HAVK, JIOLCH ]

XapkiB — 2023



AHOTALIA

Llenecmos M.C. Bubip Ta oOIpyHTYBaHHS MapaMeTpiB CUCTEMH HAJIyBYy MOBITpS
BUCOKO()OPCOBAHOTO IBOTAKTHOT'O IM3€JIsI CIICIIAIGHOTO MTPU3HAYEHHS

JucepTariis Ha 3100yTTS HAYKOBOTO CTyIEHs JoKTopa dimocodii 3a creriaibHICTIO
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06 ’exm oocnioddcenna € Ppiznuni, Pi3UKO-XIMIUHI, TEPMOJUHAMIYHI, TIPOIIECH, IO
MaroTh MICII€ B JM3€Nl Ta BU3HAYAIOTh EHEPreTUYHI, EKOHOMIYHI, TMHAMIYHI TTOKa3HUKU
CHepreTUYHOI YCTAHOBKH CIICI1aIbHOTO MPHU3HAYCHHS.

Ilpeomem oOocniodcennss € TapaMeTpu Ta XapaKTEPUCTUKU CHUCTEMH HaIyBY
BHCOKO(OPCOBAHOTO JBOTAKTHOTO Ju3es MoTykHoCTIO 1100 KBT.

B nucepraniiiniii poOOTI BUpIIIEHI HAYKOBO-IIPAKTUYHI 3ajayl MMiIBUIIEHHS TUTOMOI
MOTY>KHOCTI Ta TIOJIMIIEHHS EKCIUTyaTalllfHUX XapaKTEPUCTUK JBOTAKTHOTO JIU3EJIS
CHELlaJbHOr0 MPU3HAYEHS 3a PAXyHOK ONTHMI3allli JBOCTYIIEHEBOI CHCTEMH HAJyBY 3
BUIBHUM TYpOOKOMIIPECOPOM, MPOMIKHUM OXOJIOJDKEHHSIM HaJAyBHOTO TMOBITpA Ta
THYYKHM KEpPYBaHHSM THCKOM IIIISIXOM 3MIHM TIEPEAAaTKOBOTO BITHOIICHS MPHUBIIHOTO
KOMIIpecopa 1 PEryJtoBaHHS TypOOKOMIIPECOpY 3a JOMOMOIOK MoOJM(IKalli COIMIOBOrO
armapary TypOiHM JUIS MATPUMKH BIUCKOI IPOTYKTUBHOCTI IBUTYHA Ha BCIX peKUMax poOOTH
Ta 301IBIIIEHHS /11aTI030HY pabourX 4acTOT 00epPTaHHS KOJTHYACTOTO BaITy.

JlocniKeHHS BUKOHAHO Ha OCHOBI (DyHIaMEHTAIbHUX MOJIOKEHb TEPMOAUHAMIYHUX
MPOLIECIB B MIJIIHAPI AU3ENSI, METOJIB MAaTEMAaTHYHOTO MOJEIIIOBAHHS POOOYOro MpoIecy
JU3essl, METOJIB aHali3y BKJIIOYAOYM AHAMITUYHI Ta YHMCENbHI METOIH, 3 Cy4YaCHUMU
TEXHOJIOT1IMU 00pOOKH 1H(OpMAIIi.

VY 6cmyni 0OTpyHTOBAHO aKTYaJIbHICTh JOCTKEHHS, ChOPMYITHLOBAHO METY Ta 3a1a4l
JOCII/KEHHsI, BA3HAYCHO 00 €KT, MPEeIMET Ta METOIM BUKOHAHHS JOCIIKCHHS, HABEICHO
BIZIOMOCTI PO HAYKOBY HOBHU3HY, MPAKTUYHY IIIHHICTh OTPUMAHUX PE3YJbTaTiB, 0COOUCTHI

BHECOK 37100yBaya, anpooailito, CTpyYKTypy Ta 00CsT aucepTarii.
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B nepwomy poszoini HaBonmAThCS 3arajbHI BIIOMOCTI IOJAO IApaMeTpiB CUCTEMHU
HAJITyBY MOBITPS BUCOKO(POPCOBAHOTO ABOTAKTHOTO IU3EJISL.

Po3risiHyTO cydacHU#l CTaH BITYM3HSHOTO TAHKOBOTO JIBUTYHOOYIYBaHHS, a TaKOX
NEpCreKTUBM  Moro po3Butky. [lokazaHo, 110 IIKOJa BITYM3HSHOTO TaHKOBOTO
JBUTYHOOY/TyBaHHSI BU3HAHA B CBITI 1 Ma€ BEIMKHIA JOCBIJ] YCHIIIHOTO BUPIMICHHS CKJIATHIX
HAyKOBO-TEXHIYHMX 3a7ad Ta TOOYJOBH JBWTYHIB 3 BHIATHAMH TIOKa3HUKAMH Ta
XapaKTEePUCTUKAMMU.

Hageneno pesynbrat MOPIBHSJIBHOTO aHaNi3y ABUTYHIB ciMmelicTBa « TI»/» T D» 3
HAMKpalMMU CBITOBUMH 3pa3KkaMu JBUTYHIB TAHKOBUX CHEPIeTUYHHX YCTAaHOBOK. 3a
pe3yJbTaTaMi aHajli3y MOKa3aHo, IO BITYM3HSHI ABUTYHH ciMericTBa « T»/»TJd» MaroTh
BHCOKI TUTOMI MTOKA3HUKH Ta TapHUI MOTEHITIA AJ1s1 TOAaIbIIOro (hopCcyBaHHs, HacaMIlepe/
NUITXOM 30UIbIIEHHSI TUCKY HajyBy. HaBeneHo rimOoke MOpIBHSHHS JBOTAKTHUX Ta
YOTUPUTAKTHUX JTU3EIB TPU iX BUKOPHUCTAHHI B SKOCTI TAHKOBOI €HEPTETUYHOI YCTAHOBKH,
HaBEJCHO IepeBard Ta HEAOMIKM 000X JBUryHIB. [loka3aHo, 10 OnHIEIO 3 mepeBar
JIBOTAKTHOTO JTU3EJISI € 3pyYHE HOro KOMIOHYBAaHHS B MOTOPHO-TPAHCMICIHHOMY BiJIUICHHI
OpoHeTexHIKM. B  pe3ynbraTi IHOTO  MOXJIMBO  CYTTEBO  TMIJABUIIUTH  PIBEHb
PEMOHTOIPHUIATHOCTI TEXHIKU: TaK, HANPUKIIAJ, JIEBOBY YaCTKy 4Hacy Ha 3aMiHy JIBUTYHA
cimeiictBa STJI® cknagae yac Ha 37MBaHHS Ta 3alIOBHEHHS PiJIMH B CUCTEMHU.

3a pe3ynbTaTaMy NOPIBHSUIBHOTO aHalli3y 3p00J€HO BUCHOBOK PO MEPCHEKTUBHICTh
nBuryHiB cimeiictBa «TJ®» no MoxepHizamii Ta QopcyBaHHS. 3BaKalOyd Ha 3ajady
I1ABUILEHHS MOTY>KHOCT1 0€3 30UIbIIEHHS] TadapUTHOTO PO3MIPY €HEPreTUYHOI YCTaHOBKH,
MOKAa3aHo, 110 HaMOUIbII AOIUILHUM € (POPCYBaHHS JU3ENs 32 PaxXyHOK 30UTbIICHHS TUCKY
HaJUTyBY 3@ JIOMIOMOTOI0 0araTOCTYMIHYacTOi CUCTEMH HAJATYyBY 3 MOKIJIMBICTIO THYYKOI'O
pETyJIIOBaHHS.

Y opyeomy po30ini HaBeIeHO TEOPETUYHY 0a3y BIOCKOHAICHHS 0araTOCTYIiHYACTOl
HIMPOKOMY Jiara30H1 HABAHTAKEHHS Ta YaCTOTH 00EpTaHHS KOJIHYACTOTO BaTy JU3EIIA.

OOrpyHTOBaHO 3a7ayy pPO3POOKM CHUCTEMH ABOCTYIEHEBOIO HAJIyBY MOBITPS AJIS
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3a0e3neyeHHs] MakCcUMalibHO1 ToTyxHOocTl auzens 6D wa piBai 1100 xkBt. IlokazaHo
HasBHICTh MOTEHITIATY JIJIsi 3MEHIIICHHS BTpAT €HEPrii BiJl KOJIHYACTOro Baly JABUTYHA MpHU
30UTBIIEHH] THUCKY HAJAyBy B IIMPOKOMY Jiafa3oHi peXuMiB poOoTH. PosrmsHyTo
MO>KJIMBICTh MIJABHUILEHHS €(PEKTUBHOCTI KOMIIPECOPIB CHUCTEMHU HAJIIyBY, Hacamrepesa 3a
pPaxyHOK BIPOBA/PKEHHS TPHUSAPYCHOTO Kojeca KOMIIpECopa, a TaKoXK MOKpAIeHHS
y3rO/DKEHHS MDK COOOI0 KOMIIpecopa 3 TPUBOAOM BiJl KOJIHYACTOrO Bally Ta
TypOokommpecopa. KomriekcHUI BIUIMB BKa3aHUX BHILE (PAKTOPIB JACTh 3MOTY CYTT€EBO
T ABUIIUTH XapaKTEPUCTHUKN CHCTEMH HAJUTyBY, 1 BHACIIOK IIOTO — IBUTYHA B IIIJIOMY.

HaBeneHo XapakTepuCTHKM OChOBHUX Ta BIJIUEHTPOBUX KOMIIPECOPIB CHCTEMHU
HA/yBYy, NPOAHATI30BaHO BIUIMB BUKOPHUCTAHHS KOMIIPECOpiB 000X THIIIB HA
JOCIIPKYBAaHOMY JM3€i, OCOOJMBO BIUIMB Ha KOMIIOHYBAHHSI €HEPreTHUYHOI YCTaHOBKH,
3BayKalO4M Ha Te, 1110 CaMe JI0 KOMIIOHYBaHHS BUT'YHIB OPOHETAHKOBO1 TEXHIKU BUCYBAIOThCS
HaANOUIBII )KOPCTKI BUMOTH. PO3IIISIHYTO 30BHIIIHIO IIBUKICHY XapaKTEPUCTUKY JU3EJIS, 110
MPOEKTYEThCSI, MPU BUKOPUCTAHHI PI3HUX CXEM CHCTEMU HaJUIyBy, Ta QITOPUTMIB il
KepyBaHHS.

3anpornoHOBaHO KOHIICTIIIII0 KEpyBaHHS POOOTOI0 CHCTEMH HAJIYBY 3 METOIO
3a0e3MNeueHHs] TUCKY HAJTyBY Ha 33J]aHOMY PiBHI B IIMPOKOMY Jiara3oHi peKUMIB pOOOTH
mmsensi. CucteMa HaJIyBY CKIIAIAEThCS 3 TypOOKOMITPECOPY HU3BKOTO TUCKY Ta MPUBIIHOTO
KOMIIPECOPY BHUCOKOT'O THCKY, K1 3 €/IHaH1 MOCII0OBHO Ta MPAIlOI0Th OKPEMO ad0 pa3oM B
3aJIeKHOCTI BIJI PEKUMY POOOTH JIBUTYHA.

Tpemiti po30in MICTUTh B CO0l JIeTaJIbHY 1H(pOpPMAIIII0 PO MATEMaTU4YHY MOJIENb
mmsens 6TJ[®D. HaBeaeHo orisin iCHyrOUMX MaTeMaTHYHHUX MOjEel poOodoro mporiecy
MIBUJIKOX1THUX JIBOTAKTHUX JHU3EJIiB, TIPOAHATI30BAHO TIEPCIIEKTUBU iX BUKOPUCTAHHS IS
JTU3EJIs1, 0 JOCTIIKYEThCS.

ITokasaHo, 110 OJHUM 3 HAWOUTBII BaXKJIMBUX IIPOIIECIB JJI MOJICIIOBAHHS € IPOIIEC
3ropsHHs naymBa. B poOOTI BHKOpHCTaHA MaTEeMAaTWYHA MOJIENb 3TOPSHHS, sIKa OMHCYE
JU(pEPEHIIIHY XapaKTEPUCTUKY IIBUIKOCTI 3rOPSIHHS JIBOMAa KPUBUMH, IO BIATOBIIAIOTH

nepiogaM Tepioro cnaynaxy i audysidHoro 3ropsHHS. MaremaThdHa MOJENb TPOIeCy
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3TOPSIHHS 1HTETPOBaHa B TEPMOJMHAMIUHY MOJENb 3aMKHYTOI'O LMKy poOOYoro mporecy
nBoTakTHOTrO au3ens 6/IH12/2-12. MaremaTtndyHa MoJieib 1ICHTH(IKOBaHA 3 BHKOPUCTAHHSIM
JTAHUX eKCTIEPUMEHTATIBHUX JOCHIPKEHb qu3elis. B pesynprati inenTudikariii MaTeMaTuaHOq
MoJIeNi, MOXuOKa po3paxyHKiB HE MepeBUIlye 5 % B yChOMYy Jiama3oHi peXUMIB pOOOTH
TTU3EII.

B uemeepmomy po30ini HaBeieHO JaHi MPO MOKA3HUKHU Ta XapaKTEPUCTUKH JU3ENA 3
JIBOCTYTICHEBOIO CHCTEMOIO HAJUIyBYy, II0 Ma€ 3[aTHICTh THYYKOrO PETyJIIOBaHHS 3a
BU3HAUCHUM AaJTOPUTMOM JIJIsI 3a0€3MEYEeHHs1 3a/IaHOTO pIBHS TUCKY HAIAyBy IMIpU
HAMMEHIITNX BTpaTax MOTYKHOCTI B/l KOJIHYACTOrO BaJly HA MPHUBIJ KOMIIPECOPY BUCOKOTO
TUCKY Au3elisl. TakuM YMHOM MoKa3aHa MOKJIMBICTh peaizailii KOHIIETIIIi CHCTEMH HaJTyBY,
110 3aIIPOTIOHOBAaHA B poOOTI Ta sIKa IACTh 3MOT'Y JIOCSITTH IIEPCTIEKTUBHOTO HAa CHOTO/THI PiBHS
dopcyBanns auzens 6T/ID Ha pieail 1100 kBT. Bu3HaueHo po3moiin CTyIeHs M IBUILIEHHS
TUCKY B KOMIIPECOpPaX BHCOKOI'O Ta HU3BKOTO THCKY ISl YCIX PEXKHUMIB pOOOTH JTU3EIS,
MOKa3aHO BILUIMB TaKOTO PO3MOJIUTY Ha 3arajbHy €()eKTUBHICTH CUCTEMHU HAJTYBY, a OTXKE 1
JU3eNis B 1JIOMY. BUKOHAHO OIIHKY BIUTMBY IIPOMDKHOTO OXOJIOJKEHHS Ha SIKICTh TIPOIIECY
HAINOBHEHHS LIWJIIHJIPIB, OKA3aHO JOLIbHICTG BUKOPUCTAHHS MPOMIKHUX OXOJIOKYBayiB
HAQ/ITyBHOTO TIOBITPSL TMICTS KOMIPECOpIB KOXKHOI 3 CTyINEHIB HaaayBy. lIpoBeneHo
PO3paxyHKOBE TOCIIIKEHHS €PEKTUBHOCTI MPOMI)KHUX OXOJIO/IKYBAay1B HA/ITyBHOT'O MTOBITPS
B 3QJIEKHOCTI BiJ iX KoHQiryparii. 3a pe3yjJbTaTaMH PO3PaxyHKIB IMOKa3aHO, IO st
3a7I0BOJICHHSI BUMOI KOMITAKTHOCTI, HEOOXIMHO KOH(DIrypyBaTH TMPOTOYHY YaCTUHY
OXOJIOJ)KYBauiB TAaKUM YMHOM, a0W MIBUJIKICTh TIOTOKY MOBITPs OyJia 1OCTaTHBO BUCOKOIO,
0 JIO3BOJIMTh B 3HAYHIA Mipi 1HTEHCH(IKYBaTH MPOIECH TEIJIOOOMiHY, MPOTE I[IHOIO
30UTBIIICHHS TIAPABIIYHOTO OIOPY MPOTOYHOI YACTUHHM OXOJOpKyBauiB. [lokazaHo, 110
OXOJIOJDKEHHSI TOBITPSI TMOKpallye yYMOBU pOOOTH Ta MiABUIIYE €(DEKTUBHICTH pPOOOTH
KOMIIPECOPY APYTroi CTYTIEH] HaJTyBY.

OTtpumaHi Ta HaBeJIeHI1 B PO3JILIL pe3yabmamu TIOBHICTIO MATBEPHKYIOTh MOXKIIUBICTh
nocsirHeHHs1 popcyBanHs qu3ens 6 T D 3aBasku BOPOBaHKEHHIO JBOCTYIICHEBOI CUCTEMU

HAJUTYBY 3 MOXKJIMBICTIO THYYKOT'O PETYJIIOBAHHS Ta Y3rOKEHHS pOOOTH arperaTiB HaJlyBY



000X CTYIIEH1B, KOHIICMIIIS sIKOT HaBe/IeHa B pOOOTI.

B nuceprariii orpumani HaCTYIHI HAYKo8i pe3yivmamu.

1. Po3pobnenHa Ta OOrpyHTOBaHa CXe€Ma JIBOCTYIEHEBOI CHCTEMHU HAJIyBY 3
MPOMDKHUM OXOJIOJKEHSIM HAJITyBHOTO TOBITPS MICISI KOMIIPECOPY KOKHOTO CTYTICHS IS
BUCOKO(OPCOBAHOTO JBOTAaKTHOTO au3elisi moTyxkHicTio 1100 xBt. PerymioBaHHS THCKY
HAJUTyBY 3[IHCHIOETHCS 3a JIOTIOMOTOI0 3MIHHM TEPEJAaTKOBOTO BiTHOIICHHS MPUBIAHOTO
KOMIIpecopa Ta KepyBaHHs TypOOKOMIIPECOPOM 3aBJsKA MOAM(IKaIli COIUIOBOrO amapary
TypOiHM (coruioBe perymoBaHHA). Ll koHIeniis copsMoBaHa Ha MIATPUMKY BHCOKOI
MPOAYKTUBHOCTI JIBUTYHA Ha BCIX peXHMax poOOTH, MiJIBUIICHHA HOro aJalTUBHOCTI Ta
MOJIETIIICHHS TIPOIIECY XOJIOTHOTO 3aMyCKY.

2. Po3po6ieno maTeMaTuuHy MOJeidb PoOOYOro MpoIecy i aHalli3y BIUIUBY
okpemux (akTopiB Ha (QYyHKIIOHYBaHHS Oa3zoBoro aBuryHa 6TJ[-2. 3ampomonoBaHa
MaTeMaTHYHa MOJICTh TPOIECY 3TOPSHHS I1HTErpOBaHAa B TEPMOJIWHAMIYHY MOJICIHb
3aMKHYTOT'O IHMKJIY poOodYoro mpoiiecy ABOTakTHOro asuryna 6JIH12/2-12. IlpoBexneHi
PO3paxyHKOBI JOCTIIKEHHS poOodoro mpoiecy s 6a3zoBoro npuryna 6T/[-2 ta mis
MEPCIEKTUBHOTO JH3ENsl 13 JBOCTYNEHEBOKO CHCTEMOIO HAIAYBY Ha pekUMax
MaKCHUMaJIbHOI MOTY>KHOCTI Ta MAaKCUMAJIbHOTO KPYTHOTO MOMEHTY.

3. Po3pobnena maTemaTH4Ha MOJENIb MPOLECCY PO3MOAULY  CTYIEHS
MiIBUIIEHHS THUCKY MK MPUBOAHUM KOMIIPECOPOM BHCKOTO THCKY Ta KOMIIPECOPOM
ButbHOro TKP Moke BHUKOpHUCTOBYBAaTHMCH JJii BHU3HAYCHHS PO3IMOAUTY CTYIICHIB
MiBUIIEHHS THCKY B arperarax JBOCTYIICHEBOI CHCTEMH HAJTyBY BHCOKO(OPCOBAHOTO
T3S KA BKIIFOYA€E TEPMOIMHAMIUHI 3aJIEKHOCTI JUISl PO3PaXyHKY TEMIIEpaTypH 1 TUCKY
Ha KOXKHOMY Kpoili po6otu. B pe3ynbrari po3paxyHKy OTPUMaHO MapameTpu poOodoro
TiJ1a B KOXKHIM XapaKTepHIii TOYIll CUCTEMHU.

4, [IpoBeneHo po3paxyHKOBE JOCHIHKEHHS 3aCTOCYBAHHS BUCOKOC(HEKTHBHUX
OXOJIO/DKYBAUiB ~ HAJYBHOTO TIOBITpSI JUISI JBOCTYIICHEBOI CHUCTEMH  HAJTyBY
BUCOKO(OPCOBAHOTO JM3EJs CIEIIalbHOTO MpU3aHAYeHHs, Ta 1X BIUIMB Ha poOouuit

npoiiec nBuryHa. [IpoBenennii KOMIUIEKCHUHN aHaji3 pe3ybTaTiB pO3paxyHKIB Ja€ 3MOTY
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BU3HAUWTH palllOHAJIbHI TapaMeTpy OXOJIO/HKYBAdiB sIKI  BIJIMOBIJIAIOTh BUMOTaM
KOMITAKTHOCTI €HEPIeTHYHOI YCTAHOBKH.

BpaxoByrour MOXXJIMBOCTI MIABUINCHHS XapaKTEPUCTHK JBUTYHAa TIPU HOTO
BUPOOHUIITBI pe3y/IbTaTH TUCEPTAIIMHUX JOCIIDKeHb Iepeaani a0 BrpoBamkeHHs JII1
«3aBon iMmeHi ManumieBay . L{i JaH1 TOTEHIIHHO 1al0Th 3MOTY 3a0€3MeUnTH TOKPALCHHS
XapaKTEPUCTHK Ta MOKA3HUKIB BHCOKO(OPCOBAHOTO ABOTAKTHOTO JW3EIIS CIEIIaTbHOTO
IPU3HAYCHHS, 32 PaXyHOK ONTHMI3allii poOOTH arperarisB HaJIyBY B CKJIai ABOCTYIICHEBOI

CUCTEMU HAJ1yBY 3 BUIbHUM TYpPOOKOMITPECOPOM.

Kniouosi cnosa: NBOTaKTHHM JU3€b, JIBOCTYIIEHEBA CHUCTEMa HAJJAYBY, IPOIIEC
3TOPSIHHS, 30BHIIIHS IIBUKICHA XapaKTEPUCTUKA, TUHAMIUHI XapaKTEPUCTUKH, KOMIIPECOD

BHCOKOI'O TUCKY.
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ABSTRACT

Shelestov M.S. Selection and substantiation of the air charging system parameters of
a high-performance two-stroke special-purpose diesel engine

Dissertation for obtaining the scientific degree of Doctor of Philosophy in specialty
142 - Power engineering. - National Technical University "Kharkiv Polytechnic Institute",
Kharkiv, 2023.

The object of research is physical, physico-chemical, thermodynamic, processes that
take place in diesel and determine the energy, economic, dynamic indicators of a special
purpose power plant.

The subject of the study is the parameters and characteristics of the supercharging
system high-performance two-stroke diesel 1100 kW engine.

In the dissertation, the scientific and practical problems of increasing the specific
power and improving the operational characteristics of a special-purpose two-stroke diesel
engine were solved due to the optimization of the two-stage supercharging system with a
free turbocharger, intermediate cooling of the supercharged air and flexible pressure
control by changing the transmission ratio of the drive compressor and regulating the
turbocharger by modifying the nozzle turbine apparatus to maintain high engine
performance in all operating modes and increase the range of operating frequencies of
crankshaft rotation.

The research is based on the fundamental principles of thermodynamic processes in a
diesel cylinder, methods of mathematical modeling of diesel engine workflow, methods of
analysis, including analytical and numerical methods, with modern information processing

technologies.

The introduction substantiates the relevance of the research, formulates the purpose and

tasks of the research, defines the object, subject and methods of conducting the research,



3

provides information about the scientific novelty, practical value of the obtained results,
personal contribution of the recipient, approval, structure and scope of the dissertation.

The first chapter provides general information on the parameters of the air charging
system of a high-performance two-stroke diesel engine.

The current state of domestic tank engine construction, as well as the prospects for its
development, are considered. It is shown that the school of domestic tank engine construction
Is recognized in the world and has extensive experience in successfully solving complex
scientific and technical problems and building engines with outstanding indicators and
characteristics.

The results of a comparative analysis of engines of the "TD"/*"TDF" family with the
best world examples of engines of tank power plants are given. According to the results of the
analysis, it is shown that the domestic engines of the "TD"/"TDF" family have high specific
indicators and a good potential for further forcing, primarily by increasing the boost pressure.
An in-depth comparison of two-stroke and four-stroke diesel engines when used as a tank
power plant is given, the advantages and disadvantages of both engines are given. It is shown
that one of the advantages of a two-stroke diesel engine is its convenient layout in the motor-
transmission compartment of armored vehicles. As a result, it is possible to significantly
increase the level of repairability of the equipment for example, the lion's share of the time for
replacing the engine of the 5TDF family is the time for draining and filling fluids in the system.

Based on the results of the comparative analysis, a conclusion was made about the
prospects of the engines of the "TDF" family for modernization and boosting. Taking into
account the task of increasing power without increasing the overall size of the power plant, it
is shown that it is most appropriate to boost the diesel by increasing the supercharging pressure
using a multi-stage supercharging system with the possibility of flexible adjustment.

The second chapter provides the theoretical basis for improving the multi-stage diesel
supercharging system in order to ensure its most efficient operation in a wide range of load
and crankshaft rotation speed of the diesel engine.

The relevance of the task of developing a two-stage air supercharging system to ensure
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the maximum power of the 6TDF diesel engine at the level of 1100 kW is substantiated.
Within section, the presence of potential for reducing energy losses from the crankshaft of the
engine when increasing the boost pressure in a wide range of operating modes is shown. The
possibility of increasing the efficiency of supercharging system compressors was considered,
primarily due to the introduction of a three-stage compressor wheel, as well as improving the
coordination of the crankshaft-driven compressor and turbocharger. The complex influence of
the above factors will make it possible to significantly improve the characteristics of the
supercharging system, and as a result, the engine as a whole.

The characteristics of the axial and centrifugal compressors of the supercharging system
are given, the impact of the use of both types of compressors on the studied diesel engine is
analyzed, especially the impact on the layout of the power plant, taking into account the fact
that the most stringent requirements are placed on the layout of the engines of armored
vehicles. The external speed characteristic of the designed diesel engine, when using different
schemes of the supercharging system and its control algorithms, is considered.

The concept of controlling the operation of the supercharging system is proposed in
order to ensure the supercharging pressure at a given level in a wide range of diesel operating
modes. The supercharging system consists of a low-pressure turbocharger and a high-pressure
drive compressor, which are connected in series and operate separately or together depending
on the engine's operating mode.

The third chapter contains detailed information about the mathematical model of the
6TDF diesel engine. An overview of the existing mathematical models of the working process
of high-speed two-stroke diesel engines is given, and the prospects of their use for the diesel
under study are analyzed.

It is shown that one of the most important processes for modeling is the process of fuel
combustion. The work uses a mathematical model of combustion, which describes the
differential characteristic of the combustion speed with two curves corresponding to the
periods of the first flash and diffusion combustion. The mathematical model of the combustion

process is integrated into the closed-cycle thermodynamic model of the two-stroke diesel
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engine 6DN2*12/12. The mathematical model is identified using the data of experimental
studies of the diesel engine. As a result of the identification of the mathematical model, the
calculation error does not exceed 5% in the entire range of diesel operation modes.

In the fourth chapter data on the indicators and characteristics of a diesel engine with a
two-stage supercharging system, which has the ability to be flexibly adjusted according to a
defined algorithm in order to ensure a given level of supercharging pressure with the smallest
power losses from the crankshaft to the drive of the diesel's high-pressure compressor, are
given. In this way, it is shown the possibility of implementing the supercharging system
concept proposed in the work and which will make it possible to achieve today's promising
level of 6 TDF diesel forcing at the level of 1100 kW. The distribution of the degree of pressure
increase in high- and low-pressure compressors for all modes of operation of the diesel engine
is determined, and the influence of such distribution on the overall efficiency of the
supercharging system, and therefore on the diesel as a whole, is shown. The impact of
intermediate cooling on the quality of the cylinder filling process was evaluated, the necessity
of using intermediate charge air coolers after the compressors of each of the supercharging
stages was shown. A calculated study of the effectiveness of intercoolers of supercharged air
depending on their configuration was carried out. According to the results of the calculations,
it is shown that in order to meet the requirements of compactness, it is necessary to configure
the flow part of the coolers in such a way that the air flow rate is high enough, which will allow
to significantly intensify the heat exchange processes, but at the cost of increasing the
hydraulic resistance of the flow part of the coolers. It is shown that air cooling improves the
working conditions and increases the efficiency of the compressor of the second stage of

supercharging.

The results obtained and presented in the section fully confirm the possibility of
achieving 6 TDF diesel boost due to the introduction of a two-stage supercharging system with
the possibility of flexible regulation and coordination of the operation of the supercharging
units of both stages, the concept of which is given in the work.



The following scientific results were obtained in the dissertation:

1. A scheme of a two-stage supercharging system with intermediate cooling was
developed and substantiated of charge air after the compressor of each stage for a high-
pressure two-stroke diesel with a capacity of 1100 kW. Boost pressure adjustment is carried
out by changing the gear ratio of the drive compressor and controlling the turbocharger due to
the modification of the turbine nozzle apparatus (nozzle adjustment). This concept is aimed at
maintaining high engine performance in all operating modes, increasing its adaptability and
facilitating the cold start process.

2. A mathematical model of the work process was developed to analyze the
influence of individual factors on the functioning of the 6TD-2 base engine. The proposed
mathematical model of the combustion process is integrated into the thermodynamic model
of the closed cycle of the working process of the 6DN2*12/12 two-stroke engine.
Calculation studies of the work process were carried out for the basic 6TD-2 engine and
for a promising diesel with a two-stage supercharging system at maximum power and
maximum torque modes.

3. The developed mathematical model of the process of the distribution of the
degree of pressure increase between the driven high-pressure compressor and the free TKR
compressor can be used to determine the distribution of the degrees of pressure increase in the
units of the two-stage supercharger system of a high-pressure diesel engine, which includes
thermodynamic changes for calculating temperature and pressure at each step of work. As a
result of the calculation, the parameters of the working body at the skin characteristic point of
the system were obtained.

4. A calculation study of the use of highly efficient charge air coolers for a two-
stage supercharging system was carried out of high-pressure diesel for special purposes,
and their influence on the working process of the engine. The comprehensive analysis of
the results of the calculations makes it possible to determine the rational parameters of the
coolers that meet the compactness requirements of the power plant.
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Taking into account the possibility of improving the characteristics of the engine
during its production, the results of the dissertation research were transferred to the
implementation of the Malyshev Plant. These data potentially make it possible to improve
the characteristics and indicators of a highly boosted two-stroke special-purpose diesel
engine by optimizing the operation of supercharging units as part of a two-stage

supercharging system with a free turbocharger.

Keywords : two-stroke diesel, two-stage supercharging system , combustion process,

external speed characteristics, dynamic characteristics, high-pressure compressor.
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HEPEJIIK CKOPOYEHbD
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