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SELECTION OF GAS MIXER PARAMETERS FOR DIESEL CONVERSION
GENERATOR MOTOR IN GAS DIESEL

A.M. Levterov, A.M. Avramenko

According to literary sources, options for converting diesel engines into dual-fuel engines for operation on any fuel, in par-
ticular, natural gas (NG), were analyzed. The conversion method with external mixture formation and an ignition dose of liquid
fuel involves the preparation of a gas-air mixture of the required composition in a special device. The methodology for choosing
the design parameters of the gas mixer for the organization of the work process of a VV-shaped diesel engine type 12Ch 15/17.5,
converted into a gas diesel, which works as part of a motor-generator unit of backup power supply, is given. The basic design of
the diesel motor-generator was analyzed. A comparative calculation of the working processes of diesel and gas-diesel variants of
execution (with an ignition dose of diesel fuel of 10%) was carried out. The requirements for the design and location of the gas
mixer have been formed. In the work, using 3D modeling technologies, the geometry of the gas mixer and its flow part were
formed. Using the method of finite volumes, the calculation grid was synthesized and its adaptation near solid walls was carried
out. Next, a series of numerical experiments was conducted in a three-dimensional setting to evaluate the throughput and quality
of mixing network methane with air (when the robot is operating at typical operating modes). The distribution of flow velocities in
the vertical and horizontal planes of the flow part of the gas mixer was evaluated, the change in pressure along the height of the
gas mixer and the distribution of the mass fraction of methane in the flow part of the engine intake tract were analyzed, and scientific
and practical recommendations were developed to ensure the efficient operation of gas diesel as part of a motor-generator installa-
tion. It is shown that the proposed design of the gas mixer allows effective mixing of methane with air when operating in the entire
power range of the considered engine. The use of 3D modeling technologies, with the use of modern numerical methods, allows
you to assess the operating conditions of the mixture by macro indicators and in local sub-regions, which allows, in the future, to
develop recommendations for increasing the efficiency of the process of preparing the fuel-air mixture.
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KOMBIHOBOHA CUCTEMA HAZJJYBY BITUU3HAHOI'O
BUCOKO®OPCOBAHOI'O IBOTAKTHOI'O JU3EJIA CIIEHIAJIBHOI'O
IMPU3HAYEHHSA

Cyuacni menoenyii 8 06u2yH06Y0y8aHHI HEPO3PUBHO N0 A3AHI 3 YOOCKOHANEHHAM CULOBUX A2pe2amie UIAXOM Mooe-
PpHizayil icHylouux 3paskie. Bnposadacenns gpopcosanozo oo 1100 kBm ouzens muny /[H 0o3sonse niosuwumu egex-
MUGHICMb MA NPUBECU TNEXHIKY Y 8I0NOBIOHICMb CYYACHUM GUMOAM 3G KOPOMKUL YaAC | 3 MEHUUMU SUMPAMAMU.
Kniouoeum memooom yoockonanents € MoOepHizayis cucmemu HA00Y8y, SIKa NiOGUWLYE NOMYIHCHICMb 0e3 30L1bULeHHS.
eabapumie ma macu 08USYHA, A MAKOIC NOKPAWYE MEXHIKO-eKOHOMIYHI Xapakmepucmuku. 3anpononoeano komoino-
8amy cucmemy Haooygy 3 mypooxomnpecopom Husvkoz2o mucky (KHT) ma npugionum KomMnpecopom 8Ucoko2o mucky
(KBT), saxi npayroioms CniibHO ab0 OKpeMO 8 3anedHCHOCMI 810 pexcumy pobomu. Bukopucmanna mamemamuynoi mo-
deni pobou02o npoyecy 003801UL0 NPOBECU POIPAXYHKOBO-EKCHEPUMEHMNATIbHE OOCTIONCEHHS 3aNnPONOHOBAHOI CUC-
Mmemu Ha PescumMax MaKCUMaibHoi NOMYHCHOCMI Ma MAKCUMATbHO20 KDYMHO20 MOMEHMY, NIOMBEPOICYIOYU iT GUCOKY
epexmugnicmy. 3acmocy8ans Cy4acHux mexHoa02ii ma Mamepiania, a MaKolc 6NPOBAONCEHHs. IHHOBAYIUHUX MemO-
0i6 NPOeKmy6antsi i MOOENOBAHHs 00360I5E CMEOPIOgamu 6iNbwl HAOIliHI ma 008206iuHi cunogi aspecamu. MooepHi-
3ayis cucmemu HA00y8y € OOHUM 3 HAUBANCIUGIUIUX HANPSMKIB ) PO3GUMKY CYHUACHO20 08USYHOOYOY8AHHS, SIKULL 0a€
3M02y 00caemu Ni0GUWEHHS PIGHS NUMOMOI NOMYHCHOCMI, NOKPAWEHHS NATUGHOT eKOHOMIYHOCIT MA eKONIOSITYHUX Xa-
pakmepucmux 08USYHIG WIAXOM 300e3neueHHs ONMUMATbHUX YMO8 IX (QYHKYIOHYBAHHS 6 PIZHUX YMOBAX eKCNayamayii
ma 6 WwupoKomy Olanazoni pesxcumie pobomu. B pobomi nHaeedeno pe3yromamu 00CAiOH#CeH s 3aNPONOHOBAHOT CXeMu
dgocmyneneso2o Ha0dygy ousens muny [AH, wo dae 3moey oocsemu nomyoicnocmi 1100 kBm. [lokazano, wo oana
cxema Mae nepesazu Ha0 MpaoUYitiHo, OCKLIbKU 0A€ 3M02Yy 3abe3neyumu Oilb UCOKULL MUCK HAOOY8Y 6 Oinbiu uil-
poxomy dianazoui yacmom 00epmants KOIIHYACHO20 84Ty, A MAKONC 3MEHWUMU UMPAMU ROMYHCHOCTI 8I0 KOIH-
uaCcmo2o 8ay Ha NPUSIO KOMNPECOPY HA PeNCUMAx, wo OIu3bKi 00 Hominanbhux. Braszani euwe pakmopu 6 cyxynmno-
cmi 06yMOBI0I0Mb CYMmese NOKPAujeHHsl XapaKxmepucmux Ousels 8 Yinomy 3a80sKU 6NPOBAOICEHHIO CUCIEMU 08OC-
mynenegoz2o Haooyey.

Knrouogi cnosa: osomaxmuuii ouzens, pobouuii npoyec, Mooento8ants; 6azamocmynenesuti Haooye, NPUGiOHUL KOM-
npecop, mypboxomnpecop.
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Beryn

CBiTOBI TeHIEHIIT BKa3yIOTh Ha Te, III0 PO3BUTOK
JIBUTYHOOYAYBaHHS CYTTEBO MOB'I3aHUH 13 MOJAIBIIO0
MOJICPHI3aIli€l0 AM3ENiB CHELiaIbHOTO IPU3HAYCHHS.
[Ipu BupitmeHHi wi€l 3a7a49i OCHOBHY yBary MpUIiISIOTh
YIOCKOHAJICHHIO PaHillle BUIYIICHUX CUJIOBHX arpera-
TiB, SIKI BKE€ €KCIUTyaTyIOThCsI 800 BUPOOJISIOTHCS. Mo-
JICpHI3aIlisl Cy4acHOi BITYM3HSHOI CIICHTEXHIKH, 30K-
peMa IUIIXOM BHKOpHCTaHHA au3ens tury IH, dhopco-
BaHoro a0 1100 kBT, mo3Boisie B KOPOTKiI TepMiHH 1 3
MEHIIMMH BUTPAaTaMHU JOCATTH MiJBUILCHHS e(eKTUB-
HOCTI Ta BIJNOBIAHICTH cyd4acHHUM cTaHmapram. Lleit
MiIX11 BBAXKAE€THCS HAUOUIBII pamioHaIbHUM, OCKITTBKU
MOJICPHI3allisl € MOCTIITHUM MPOLIECOM HAayKOBO-TEXHI4-
HHMX, KOHCTPYKTHBHHUX 1 TEXHOJIOTIYHUX 3aXOJiB, IO
CTIPSIMOBaHWH Ha MiABHIIEHHS KIIOYOBUX BJIACTHBOC-
Tell CHCITEXHIKY 1 MPOJOBKCHHS 11 dKUTTEBOTO IUKITY.
IcHye psim METOMIB TSI TOCSATHEHHS LI€T METH, TIPOTE Oi-
JBIIICTh 3 HAX IPH3BOIATH O HEOOXITHOCTI 3011b-
IIeHHs rabapUTHUX PO3MipiB Ta Macu IBUTYHA. Monep-
Hi3aI[is1 CHCTEMH HaiYBY € e(PEKTHUBHUM CIIOCOOOM 30i-
JBIICHHS TMOTYXHOCTI 0e3 301IbIIeHHsT Ta0apyTiB 1 TO-
JIMIIEHHS TEXHIKO-€KOHOMIYHUX XapaKTEPUCTUK IBH-
ryHa.

Merto10 po6oTH € BUOIp Ta OOIPYHTYBaHHS paIfio-
HaJIbHOI CXEMH Ta MapaMeTpiB CUCTEMH IOBITPONOCTa-
YaHHS BHUCOKO(OPCOBAHOTO NBOTAKTHOTO JAW3EIS IS
MIBUIIICHHS MOKA3HUKIB TUTOMOI MOTY>KHOCTI €Hepre-
THYHOI YCTAaBKH.

Oco0auBocTti koHcTpykuiii cyyacanx JCH

BararocTymiHyaTi CHCTEMH HAJJIyBY PO3LIHPIO-
I0Th MOJKJIMBOCTI peryiioBaHHS THOTYXHOCTi. Lle
Crpusie TOMIMIICHHIO TIOAaYi MOBITPS B IFJIIHIPH 1 3Me-
HILEHHIO BUTPATH T1aJIMBa K Ha CTAllilOHAPHHX, TaK 1 Ha
NepexiIHUX pexnmMax poboTu asuryHa. [1].

[pu mimBHIIEHH] THCKY HAIIyBY ICHYE OOMEKCHHS
Ha Te, SIK BUCOKO MOYKHA MiTHATH LIeH THCK 32 JJOTIOMOTOI0
OJIHOTO KOMIIPECOpa 4Yepe3 3HIKEHHsI e(heKTUBHOCTI 1 00-
MEXEHHSI po0OYoro Miarna3oHy BHTPATH MOBITPS. 3i 3poc-
TaHHSIM THCKY HaJUTyBY TaKOXX 30UIBIIY€ETHCS TEMIIEpATypa
Po0OYOTO CepeIoBHIIA HA BUXO/] 3 KOMIIPECOPa, 1110 BUMa-
rae BUKOPHUCTaHHs OUIBII JIOPOTMX MaTepiasliB Juis Kojieca
KoMIpecopa [2]. 3Baxaroun Ha HaBEJICHE BHUILIE, IPU 3HAU-
HOMY HiJJBUIICHHI TUCKY HA/TyBY, 0araTOCTyITIHIATHI Ha-
JTyB CTa€ OUIBII JOIUTBHUAM i eKOHOMIYHO OOTPYHTOBAaHUM
BapiaHTOM, OCKUIBKH [T HOTO peai3aliii MO)KHA BUKOPHC-
TOBYBATH iCHYIOU1 TypOOKOMITIPECOPH.

PosrmsiHeMO  0COONMMBOCTI  IBOCTYTIEHEBUX CHUCTEM
HaytyBy (JICH) ocCHOBHEX BUPOOHHKIB.

Konctpykuii asuryniB MTU 1163-04 Bimomi 3i
30UTBIIIEHMM THCKOM HaamyBy 3 0,46 mo 0,57 Mlla i
3HIDKEHHSM TUTOMOT BUTpaTH majuBa Ha 8% [4]. Ha
MPUHIUIIOBIN cXeMi HajayBy |6-LTIHIPOBOTO IIBU-
TyHa, [TOKa3aHii Ha PUCYHKY |, BUCBITIICHO IIBi TPYIH

TypOoHannyBy. KojkHa rpyna MicTHTh OIMH TYpOOKOM-
TIPecop HU3BKOTO THUCKY 1 OJHH BHCOKOTO THCKY, a Ta-
KOX OXOJOMKyBaui HaaTyBHOTO moBiTpsa. Cucrema
HaJUIyBY CKJIQIA€THCSI 3 HOTUPHOX TAKUX T'PYII, KOXKHA 3
SIKMX TIPU3HAYCHA ISl BIATIOBITHOTO Aiara3oHy poOOTH.

OrnmcaHa BUIIE CHCTEMa HAJTyBY 3a0e31edye 3017Tb-
LIIEHHSI KPYTHOT'O MOMEHTY B IIMPOKOMY Jiara3oHi MIBU/I-
KICHUX PEeXHMIB POOOTH JIBUT'YHA, B TOMY YHCJIi IIPH HU-
3bKill 9acTOTi 00epTaHHS KOJIHYACTOrO Baily. B mepriii
30HI POOOTH JBHUTYHA BECh MOTIK BiINPaIlbOBaHHUX Ta3iB
MIPOXOJIUTB Yepe3 oJHy TypOo-rpymy. [locnizoBHe BKIItO-
YeHHS {HIIAX TPYI 3AIHCHIOETHCS 3aIeKHO BiJl HABAaHTA-
JKEHHS 1 00epTOBOi YacTOTH. Y YeTBEpTii 30HI MPAIOIOTh
BCl 4OTHpH rpynu TypOoHaaxyBy. B mepmiiii 30Hi yepe3
HU3bKI BUTPATH ra3iB CTUCHEHHS BiI0YBa€ThCS TOJIOBHIM
YHHOM 32 JOTIOMOTOI0 TypOOKOMITpECOpa BUCOKOTO THCKY
(BT), Toni sik Typ6okomnpecop Husbkoro Tucky (HT) mpa-
LIOE B PEXKUMI X0JI0CTOr0 Xoay. [Ipu 30UIbIIeHH] BUTpAT
BIATIPAIIbOBAaHUX Ta3iB CTYIIHP HU3BKOTO THUCKY IIOCTY-
TIOBO BKJIIOYA€ETHCS B POOOTY, IO 3a0e3Meuye 3pOCTaHHs
THCKY HajyBy. [lonepenHe ctucHenns B kommnpecopi HT
no3Boisie kKommnpecopy BT mpamroBaty mpy BelMMKuX Ma-
COBHX BHTpaTax IOBITpA. BHKOpHCTaHHA KOMITaKTHHX
TYpOOKOMIIPECOPIB Ha HU3BKUX 00EPTAX € KITFOUOBUM JIJIsI
OTPHMaHHSI BUCOKOTO THCKY Ha/IyBy Ha HU3BKUX YacTO-
Tax obepranHs. /[lyIs1 3MiHM XapakTepUCTHK ABUTYHA 3a-
CTOCOBYETHCSI PI3HOMaHITHA CXeMa MiAKIIOUEHHs TPYIl
TypOokomipecopiB. st edexTrBHOT poOOTH TaKoi CHc-
TEMH HaJULyBY HEOOXiZHO MAaTH KOMIIPECOPH 3 LINPOKUM

Jliarta30HOM XapaKTePHCTHK.
IloeiTpa BI' IloeiTpa
]

Y

BumHka4
TypGorpynu

n
Puc. 1. Cxema 0socmynenesoco peecmpogozo Hadoyey
Gipmu MTU
B pamkax HayKOBO-IOCIHIIHHUIILKOTO MPOEKTY
HERCULES xomnanis MAN nposena BUIPOOyBaHHS
neuryna 61.32/44CR 3 MBOCTYIIEHEBOKO CUCTEMOKO HAJI-
IyBY, CHCTEMOIO YIPABIIiHHS 3aKPUTTSAM BITYCKHOTO
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KJIallaHA Ta PEryJIbOBAaHOK TYPOIHOI BUCOKOTO THUCKY
(puc. 2)
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HaBKOJIHII- ary

HBOT'O Cepeno-
BHIIa

Puc. 2. [lsocmynenesa cucmema Haooysy osueyna
MAN 6L32/44CR 3 pecynvogaroio mypbiHoio

B mopiBHsHHI 3 IBUTYHOM, 11O BiANOBiJaB BUMO-
ram IMO Tier 1, BnpoBamkeHHS OMHMCAaHUX BHIIC 3MIH
JJIo 3Mory 3MeHIUTH BUKUIU NOy Ta aumHicts BT
nu3enst Oinbm HiK Ha 40% npu OgHOYACHOMY 301JIb-
IIeHHI TOTYXHOCTI 3 560 mo 640 kBt. Bukopucranus
peryinbpoBaHoi TypOiHM BHCOKOTO THCKY 3HAYHO IMOKpa-
LIAI0 XapaKTePUCTHKH JBUI'YHa 3a paxyHOK ITiJBHU-
IIEHHS THCKY HaJIyBY IPH YaCTKOBUX HABAHTAKECHHIX
i 3a0e3meumio eexTHBHI mepeximHi mporecu. Kpim
TOro, BcTaHoBIeHO, mo mmiaBumeHHs KKJI cucremu
HanyBy Ha 10% crpusie 30inbmenHio KKJ[ camoro
nBuryHa Ha 1%. Takum YMHOM, BUKOPUCTaHHS Oararo-
CTYIEHEBOI CHCTEMH HaJUIyBY MOXeE PO3IIISIATHCS SIK
e(eKTUBHHUI 3aXiJ 3 ONTHMI3alil TePMOIUHAMIYHOTO
LUKy ABUTYHA.

IHma mepcrekTHBHA CXeMa HaJlyBY INPOIEMOH-
cTpoBaHa Ha puc. 3 .Cxema cucremu R2S (regulated
twostage), po3pobiseHa ¢axiBusgMu KoMmmaHii Borg
Warner Turbo System (BWTS) i BMW.

Cucrema R2S Brutouae nsa TKP ¢ipmu BWTS i
JIBa TIEPEIYCKHI KJIanaHu. PeryTioBaHHsS CUCTEMH 31ii-
CHIOETBCS [UISIXOM TIEPEIyCKy YacTHHM BiJIIpanboBa-
HUX Ta3iB Ta MOBIiTps. 3acToCcyBaHHS cuctemMu R2S 3a-
micth TKP 3 perynboBanum coruioBum amaparom (PCA)
Jla€ 3MOTY CYTTEBO 30UIBIINTH CepeAHid eeKTUBHHUN
TUCK JIBUTYHA Ha BCIX IUISSHKAaX 30BHIIIHBOT IIBUJIKIiC-
HOI XapaKTEPUCTUKH.

Typ6okommpecop Hu3bkoro TicKy (TKP1) pospa-
XOBYETBCS, 3BaYKaroul HAa HEOOXiJHICTH 3a0e3nedeHHs
HOMIHAJILHOT TOTYXHOCTI au3ens. TypOokommpecop
Brcoxoro THcKy (TKP2) po3paxoByeTbes, 3BaXkaroun Ha
HEeoOXiIHICTh 3a0e3Me4eHHsT BUCOKOTO KPYTHOTO MOMe-
HTY B oOJlacTi HM3BKHX YacTOT OOepTaHHsA KoJiHYac-
TOTO BaJy /IO PiBHS, IO BiJNOBiJIa€ MaKCUMAILHOMY
KpyTHOMY MoOMeHTy. OmnmcaHi BHIIE 3aXOIH AAIOTh

3MOTY 3MCHIIMTH 3aTPUMKY 30UIBIICHHS MOTYXKHOCTI
IBUTYHA TIPU pi3KOMY 301TBIICHHI TOa4i aTHBa.

— Bnyckuni
I I I I KOIIEKTOp
I T T BunyckeHHA
! = KOIEKTOp
| Knaman nepenycky
OHIT v X"
Knaman nmepenycky
TOBITPA Knanan nmepemycky
BI' TKP1
T /
Toeitps 4 yBr

Puc. 3. Cxema cucmemu dsocmyninuacmozo mypoo-
Haooysy R2S onsn ouzenss OM651(zVh=2,2 n; Espo 5)

30BHILIHI IIBUIKICHI XapaKTEPUCTUKH AM3EIIB 3
PI3HUMH CXEMaMH CHCTEM HaJJyBy HaBEJICHI HA PHCY-
HKY 4. 3 Tpadixy BHAHO, IO ABOCTYICHEBI CHCTEMHU
HaJTyBY JAIOTh 3MOT'Y JOCATTH CyTTE€BO OLIBII BUCOKHI
PIBEHb THCKY HaJIyBY B IIMPOKOMY Jialia30Hi MIBUAKI-
CHHX PEXXHUMIB poOOTH AHU3ETIS.

MopepHizaniss cucreMM MOBITPONOCTAYAHHSA
BiTYHM3HSIHOTO JBOTAKTHOIO /IBUTYHA CIieNiaJIbHOTO
npuzHayeHus tuny J1H

VY IBOTaKTHUX IBHUTYHAaX OCOOJIMBOCTI poOOYOTO
Mpoliecy IMpU HU3BKUX 00epTax KOJIIHYacToro Baily
YCKJIAJHIOIOTh MOJa4y JOCTaTHHOI KiJIbKOCTI CBIKOIO
3apsiy A0 HWTIHAPIB IBUTYHA, 110 HETATUBHO BIIMBAE
Ha 1oro eeKTHBHICTh. L{e 0COOIMBO KPUTHUIHO TIiT Yac
MyCKYy JBUTYHA 1 HOro poOOTH MPU MAJIUX HaBaHTaXKEH-
HSIX.

BimnoBigHO 10 pe3ynbTaTiB JOCTipKeHb [2,3], BH-
pilIeHHsT 1MX MpOOJIeM MOXIJIMBE 3aBISKH BIIPOBa-
JOKCHHIO KOMOIHOBaHHMX CHCTeM HaaayBy. Taki cuc-
TEMH MAIOTh KiJIbKa BapiaHTIB BHUKOHAHHs. Hampukmazn,
OJIMH 3 TiJXOJIB nependavyae MexaHi4HUI 3B'SI30K Typ-
OGoxoMmIpecopa 3 KOJIHYACTHM BaJlOM 32 JOIIOMOTIO0
My(]T, IO TO3BOJSIIOTH BiJ’€JHYBAaTH Bal TypOOKOMII-
pecopy BiJ KOJIHYACTOTO BAly Y BHIAIKaX, KOJIH IOTY-
JKHOCTI TypOIiHH TOCTAaTHBO IS TPUBECHHS B JI1iI0 KOM-
mpecopa. Lle 3HWKye BUTpaTH MOTYKHOCTI Ha MPHBIJ
arperariB HaJU1yBYy, IO B CBOIO 4UEpry CIIpHS€ Mi/BHU-
menHo KKJ[ nBuryna.

CyuacHui maxix 10 GOpCcyBaHHS ABUTYHIB IUISA-
XOM 301NIBIICHHS TUCKY HAJIyBY Inependayae 000B’s13-
KOBE BMKOPHCTaHHSI IPOMDKHOTO OXOJIOJDKYBada HaJl-
JYBHOTO IOBITpSI, IO JIA€ 3MOTY 3MEHIIUTH BUTPATH
TIOTYXHOCTI HA OTPUMaHHs HEOOXiTHOT KIJILKOCTI MOBI-

TpA.
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3acTocyBaHHs 000X BKa3aHHMX 3aXOJliB B KOMILIE-
KCi 3 pamioHaJFHAM BHOOPOM CXEMH CHCTEMH IBOCTY-
NIEHEBOr0 HAJIYBY NAIOTh 3MOTY OIHOYACHO CYTTEBO
3MEHIIUTH BUTPATH MOTYXHOCTI Ha HPHUBII KOMIpe-
copy Ta 3a0e3Ne4YHTH MiJBHUIICHHSA THUCKY HAJIyBY B
IIUPOKOMY Iiarma3oHi YacTOTH OOEpTaHHS KOJiHYac-
Toro Basry. Takoxx BapTO BiI3HAUWTH, 1110 3aB/SIKH BKa-
3aHUM 3aX0/1aM MOKe OYTH JOCSTHYTO 3MEHILCHHS TTH-
TOMOT BUTPATH IaJINBa Ta MIUTOMUX BUKHIIB IIKiJTHBUX
PEYOBHH 3 BiANPAllbOBAaHUMH ra3aMu. Takox 1o mepe-
Bar JIBOCTYIICHEBUX CUCTEM HaJIyBY BapTO BIIHECTH 1X
Kpamry MpHUCTOCOBAHICTh 10 MEPEXiMHUX PEXHMax po-
6oTH.

Puc. 4. Cxema 3anpononosanoi cucmemu Hao0ygy

Huns mBotaktHOTO nu3ens tumy AH pospobiieHa i
3aIlpOIIOHOBAHA CHCTEMa IIOBITPONOCTAYAHHS 3a CXe-
MO0 (PHUCYHOK 4), 1110 CKJIaIa€ThCs 3 TYpOOKOMIIpecopa
Hu3bkoro Tucky (KHT), npuBinHoro koMmnpecopa BUco-
koro Tucky (KBT), siki MOKYTB TIpaIfoBaTét OKpeMo abo
pa30M B 3aJIeKHOCTI BiJl pe)kuMy poOOTH JBUTYHA, a Ta-
KO JIBOX OXOJIO/DKYBauiB HaJIyBHOrO moOBiTps [5, 9,

1%

16

PMIIa

130 230 280 330 380 430 480 330

o, TPag LK B.

a)

10]. PerymoBaHHS CHCTEMH 3HIMCHIOETHCS ILIIXOM
3MiHHU TIepeaToYHOTo BinHOomeHHs npuBoay KBT i xo-
HTPOJIIO YaCTHHU TOBITPSI, 10 MPOXOIUTH YE€PE3 KOMII-
pecop BHCOKOro THCKY [3, 8].

Pe3yabTaTm MaTeMaTHYHOIO0 MO/EJIOBAHHSA
podouoro mpouecy BHCOKO(QOPCOBAHOIO ABOTAKT-
HOro Au3ess nory:kuicro 1100 kBt 3 3anpononoBa-
HOIO CHCTEMOIO0 HA/TYBY

3 METOI0 TOCIiKEHHS CHCTEMH IBOCTYIICHEBOTO
HaAIyBYy, Oynma po3pobieHa MaTeMaTHYHA MOJENb JH-
3ess [6-8, 10]. 3 BukopucTaHHIM pO3po0IICHOT MaTeMa-
THYHOI MOJIEJ JBUTYHA BUKOHAHO PO3PAXyHKOBO-EKC-
TIEPUMEHTAIBHE JOCHIIPKCHHS 3aCTOCYBAaHHS 3aIpPOIIO-
HOBaHOI CHCTEMH JIBOCTYIIEHEBOT'O HaJIyBy Ha PEXH-
MaxX MaKCUMaJbHOI MOTY)XKHOCTI Ta MaKCHMalbHOTO
KPYTHOTO MOMEHTY.

IngukaropHi giarpamu 6a3oBoro Ta GopcoBaHOro
nusens Tuny JIH HaBeieHi Ha pUCYHKY 5. 3 iHIUKATOp-
HUX JiarpaM BHIHO, IO Ha PEKUMI MAaKCHMAJIBHOI M0-
Ty>KHOCTI y popcoBanomy am3eni J{H 30inpmryeThest Ma-
KCHMaJbHUH TUCK IIMKILY, IO MOSICHIOETHCS 301IbLICH-
HSM KUTBKOCTI CBIXKOTO 3apsAy B IIDIiHApPi. Bapro Bin-
3HAYUTH, 110 HA PEKUMI MAKCUMAJIBHOTO KPYTHOTO MO-
MEHTY KyT BHUIIEPEI)KCHHS M0YaTKy BIIOPCKYBaHHS Ia-
nuBa Oyio 3meHieno 10 10 rpagycis m.x.B. 10 BMT (y
0a30BOMY Am3eli el KyT cTaHOBUB 18 rpamyciB I.K.B.
1o BMT) 3 meToro oOMexkeHHS MaKCUMaIbHOTO THUCKY
nukiy 1o 19 Mlla.

[HTeTpanbHI XapaKTEepUCTHKY TEITIOBUALICHHS B
ouTiHApax 6a30BOro Ta GOPCOBAHOTO AM3EI HaBEACHI
Ha pUCYHKY 6. [lnudepeHiiiiHi XxapakTepUCTUKH TETLIO-
BHJIUTICHHS B IMITiHApaxX 0a30BOro Ta (hOpCOBAHOTO M-
3eJ1s1 HaBeZeH1 Ha PUCYHKY 7.

180 230 280 330 380 430 430 530

OTpPagILEE.
6)

Puc. 5. Inouxamopna diacpama 6a306020 ma gopcosarnozo 0somaxmmuozo osucyna 6/[H12/2-12 na peacumax
MAKCUMATLHOT NOMYAUCHOCHI (@) MA MAKCUMATLHO20 KPYMHO20 MOMeHMY (0)
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Puc. 6. Inmeepanvhi (x) xapakmepucmuku menioguoLleH s 8 YUIHOPI 6a306020 Ma hopPCcoBaAH020 O8USYHA
6/IH12/2-12 Ha pedxcumax MaKcumanbHoi NOMYs*CHOCMI (@) Ma MAKCUMATbHO20 KPYMHO20 MOMeHmY (6)
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Puc. 7. Jlugpepenyiini xapaxmepucmuxu mennosuoinenns (Oxldy) 6 yunindpi 6azosoeo ma ghopcosarnozo osuzyna JIH na
PEACUMAX MAKCUMATILHOT ROTYHCHOCIE (@) ThA MAKCUMATTLHO20 KPYMHO20 Momennty ()

AHaJti3 XapakTepUCTUK TSILUIOBHUIICHHS CBiTYUTh
PO 30UIBIICHHS MIBUAKOCTI ITPOLIECY 3rOPSHHS IIPOTS-
roM (pasu cranaxyBaHHS Ta AUDY3IHHOTO 3TOPSHHS B
(dopcoBaHOMY IH3eli HA PEKUMI HOMiHATBHOI MOTYX-
HocTi. Lle MoXHa TOSICHUTH iHTEeHCH(IKAII€0 BUXOPY
BCEpEe/IMHI KaMepH 3TOpsiHHS ()OPCOBAHOTO IH3ENS B
MOPIBHAHHI 3 0a30BUM.

Ha rpadikax tennmoBuaineHHs, sSKi BiAMOBIAAIOTh
PEKHUMY MaKCHMAJIILHOIO KPYTHOI'O MOMEHTY, BHJIHO,
110 [TOYaTOK MPOLECY 3ropsiHHA B (POPCOBAHOMY JH3€i
BiOyBa€eThes mi3HiNIe, HiX B 6a3oBoMy nmusedni. Lle mo-
SICHIOETHCSI BKa3aHUM BUILE 3MEHIIICHHSIM KyTa BUIIepe-
JOKEHHS 1T0YaTKy BIOPCKYBaHHS NajiiBa Ha § rpajaycis
m.k.B. 1o BMT. Ilpore, 3 rpadiky BHAHO, 10 MOYaTOK
Tporiecy 3ropsiHHs B (GOpCOBaHOMY am3elli BinOyBa-
€THCS JIMIIE Ha 4 TpajyCcH ILK.B. Mi3HIIIE B MMOPIBHAHHI
3 6a30BUM Ju3eneM. Lle CBITUUTE Ipo CKOpOUEHHS Iepi-
OJly 3aTPUMKH ClAJIaXyBaHHs MajiiBa B (OPCOBAHOMY

JIM3elTi BHACIIJIOK 3HAYHOTO 301JIbIICHHS] TUCKY Ta TEM-
HepaTypH B IMIIHAPI B MOMEHT MOYATKY IPOLIECY BIIOP-
CKyBaHHs. BxazaHe Buie 301IbIICHHS THCKY Ta TeMIIe-
partypu, HacamIiiepes, oOyMOBIIEHE J1BOMa (haKTOpPaMH:
301IIBLIIEHHSIM MacH CBIXKOTO 3apsily LMIIHAPY Ta HAOJIu-
JKEHHSIM MOMEHTY II0YaTKy BIOpcKyBaHHs 1o BMT.
Bapto Big3HauuTH, mo Ha rpadiky audepeHmin-
HOTO TETIOBUAUIEHHS (JOPCOBAHOTO JU3EISI HA PEKUMI
MaKCHMaIIbHOTO KPYTHOT'O MOMEHTY Bi3yallbHO MPAKTH-
YHO HEMOJKJIMBO BU3HAYUTH MAaKCHMYM, 10 BiAMOBiZa€e
nepioly cnanaxy nanusa. Lle MmosCHIOETbCS CKOPOUeH-
HSIM TIepioJly 3aTPUMKH CliajlaXyBaHHs MajiKBa, 10 B
CBOIO 4epry 00yMOBIIIO€ 3MEHILICHHS J0J1i IUKJIOBOT TO-
Jladi aiuBa, ssKa BCTUTAE HAJINTH 10 IMIIHAPY A0 MO-
MeHTy crnajaxy. OnucaHe BHIIE Ja€ 3MOTY 3MEHIIUTH
MaKCHMaJIbHY IIBU/IKICTh HAPOCTAHHS THCKY, a OTXKe —
3MEHIIHUTH )KOPCTKICTh POOOYOro mpolecy Anu3ens, 1o
CIpHUATAME 3MEHIICHHIO PiBHS IIyMYy Ta BiOpartii.
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[Muroma edexTnBHA BUTpara nainusa (JOpcoBaHOTO
JH3eIIs Ha PeXKUMI MaKCUMAJIBHOTO KPYTHOTO MOMEHTY
MPaKTUYHO HE 3MIHIOETHCS B IOPIBHIHHI 3 0a30BUM JH-
3eN1eM.

[TuToMma edexTrBHA BUTpaTa HaauBa (GOPCOBAHOTO
JII3EIIST HA PeKUMI MaKCHMAaIBHOT OTYKHOCT1 3MEHIITY -
eTbed Ha 5,6 %. Lle osICHIOEThCSI 3MEHIIIEHHIM MOTYX-
HOCTI BiJI KOJIIHYACTOTO BaJIy Ha MPHBiA KoMmIpecopa (y
(hopcoBaHOMY IU3EINi Ha PEKUMI MAaKCHMAIBHOI TOTY-
JKHOCT1 BCIO poOOTY TI0 CTHCHEHHIO IIOBITPS BHUKOHYE
BUKJIFOYHO TypOOKOMIIPECOD).

BucHoBkn

CyuacHi CBiTOBI TeHCHIIIi PO3BUTKY IBUTYHOOY-
JyBaHHS CBiI4YaTh MPO 3POCTAHHS IHTEpecy A0 IiJBH-
IICHHS ITOTY>KHOCTI ICHYIOYHX JIBUT'YHIB IIUIIXOM MOJIe-
pHizarii, 6e3 3HaAYHUX KOHCTPYKTHBHUX 3MiH 1 301iJ1b-
IIEHHA Maco-rabapuUTHUX XapakTepucTuk. Lls 3amaya €
aKTyaJIbHOIO, OCKUIBKH JIa€ 3MOTY JJOCSITTH ITOKPAILCHHS
e(peKTUBHOCTI Ta MUTOMOI TOTY>KHOCTI €HEPreTHYHHX
YCTaHOBOK, III0 B CBOIO YEPTy AACTh 3MOT'Y IPUBECTH 1X
JIO BIATIOBITHOCTI Cy9acHUM TeXHIYHUM BuMoram. On-
HHUM 3 KJIIOYOBUX HAIPSIMKIB € MOJEpHi3allis CUCTEMHU
MOBITPOIIOCTaYaHHs, SIKa J1a€ 3MOTY €()eKTUBHO ITi/IBU-
IIyBaTH IIUTOMY MOTY>KHICTh IBUTYHIB IIPH 30epeKeHH1
X TabapuTHHUX PO3MIpIB Ta OJHOYACHOMY MOKpAICHHI
€KOHOMIYHUX ITOKa3HHKIB.

B 1BOTakTHMX ABHWTYHAaX NPH HU3BKIH YacTOTI
00epTaHHS KONIHYACTOTO Bally CYTTE€BO 3HIDKYETHCS
e(eKTUBHICTh HAIIOBHEHHS LIMJIIHPIB CBIXKMM 3apsiIOM.
B HaiibinpmoMy cryreHi ns mpodiema XxapaKTepHa s
JIBUTYHIB 3 ra3oTypOiHHUM HamryBoM. OIUCaHe BUIIE
3HIDKCHHST €()eKTHBHOCTI HANIOBHEHHS IMIIHIDPIB CBi-
JKMM 3apsIIOM HEraTHBHO BILIMBAE Ha TPOLIECH CYMIIIIO-
YTBOPEHHS Ta 3rOpsHHA ManuBa. B po6oTi po3risHyTo
HaWOUIbII MOIIUpeHi pileHHs 1iei npobiemu: KoMmOi-
HOBaHi CUCTEMHU HaJIyBY, [IO BKIIOYAIOTh MEXaHIYHUIN
3B'I30K TypOOKOMITpecopa 3 KOJIHYacTUM BaJoM. Taxi
pIlIEHHS CHIPHSAIOTH 3HIKCHHIO BUTPATH MOTYXHOCTI
BiJl KOJIIHYACTOrO BajJy HA IPUBIJ KOMIIPECOPY, IO B
cBOIO uepry nae 3mory miasummtu KK/ nsuryna B mi-
jIoMmy.

Jlist BITYM3HSAHOTO ABOTaKTHOTO fu3ens [IH, 3 me-
Toro (opcyBanHs 0 motyxkHocti 1100 kBT, po3po6-
JIEHO KOMOIHOBaHY CHCTEMY HAJAIyBY, IO BKIJIIOYAE
Typbokommpecop Huzbpkoro Tucky (KHT) ta npuBiganit
komIpecop Bucokoro tucky (KBT). [lana cuctema 3a-
Ge3rneuye 1mosavy HEOOXiHOTO 00’ €My HOBITPS B LIMJIi-
HJIpi Ha BCiX peKUMax poOOTH JBUTI'YHA 1 Jla€ 3MOT'Y BH-
pimryBatu nmpoGyieMu 3 ITyCKOM Ta poOOTOI0 MpH HEBe-
JIMKUX HABaHTa)XEHHSX 1 9acTOTax oOepTaHHS KOJiHYa-
cToro Baiy. JlociiukeHHs i€l CHCTEMH 3 BUKOPHCTaH-
HSIM MaTeMaTUIHOI MOJIeN poO0YOro MpoIecy MiaTBe-
panino i epeKTUBHICTh HA peXUMaX MaKCUMAaIBHOI MO-
TYXHOCTI Ta MAKCUMaJIbHOTO KPYTHOT'O MOMEHTY.
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COMBINED SUPERCHARGING SYSTEM OF DOMESTIC HIGH-PRESSURE
TWO-STROKE SPECIAL PURPOSE DIESEL

A. Savchenko ,M. Shelestov

Modern trends in engine construction are inextricably linked to the improvement of power units by modernizing existing
models. The introduction of a forced to 1100 kW diesel engine of the DN type allows to increase the efficiency and bring the
equipment in line with modern requirements in a short time and with lower costs. The key method of improvement is the modern-
ization of the supercharging system, which increases power without increasing the dimensions and weight of the engine, as well as
improves technical and economic characteristics. A combined supercharging system with a low-pressure turbocharger (LPT) and
a high-pressure drive compressor (HPT) is proposed, which work together or separately depending on the operating mode. The use
of a mathematical model of the workflow made it possible to carry out a computational and experimental study of the proposed
system in the modes of maximum power and maximum torque, confirming its high efficiency. The use of modern technologies and
materials, as well as the introduction of innovative design and modeling methods, allows to create more reliable and durable power
units. Modernization of the supercharging system is one of the most important directions in the development of modern engine
construction, which allows to achieve an increase in the level of specific power, improvement of fuel economy and environmental
characteristics of engines by ensuring optimal conditions for their operation in various operating conditions and in a wide range of
operating modes. The paper presents the research results of the proposed two-stage supercharging scheme of the DN type diesel
engine, which makes it possible to achieve a power of 1100 kW. It is shown that this scheme has advantages over the traditional
one, as it makes it possible to provide a higher boost pressure in a wider range of crankshaft RPM, as well as to reduce power
consumption from the crankshaft to drive the compressor at modes close to the nominal ones. These factors collectively lead to a
significant improvement in the characteristics of the diesel due to the introduction of the two-stage supercharging system.

Key words: two-stroke diesel; work process; modeling; multi-stage supercharging; drive compressor; turbocharger.
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