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Haeyen Ban 3uone. Po3poOka KOHCTPYKIIIT MOPIIHS CEPeAHROOOEPTOBOTO TU3EIS 13
3aCTOCYBaHHSAM MOJICPHI30BAHOTO METONY BH3HAUYCHHS TEPMOHAIPYKEHOTO CTaHY. —
KranidikamiifHa HaykoBa mpaiisi Ha IpaBax PyKOIMHUCY.

HucepTanisa Ha 3100yTTs HAYKOBOT'O CTyMHeHs AokTopa ¢utocodii 3a creriaaibHICTIO
142 — «EHepretnuHe MamuHOOyAyBaHHs». - HalioHaabHOMY aepOKOCMIYHOMY
yHiBepcuteti M. €. )KykoBchkoro «XapkiBcbkuil aBialliiHUM 1HCTUTYT», XapkiB, 2020.

Huceprariitna poOoTa TPHUCBAYCHA aKTyaJbHOMY ITUTAHHIO PO3POOKH METOIY
KOMIT'IOTEpHO-IHTETPOBAHOTO  TPOCKTYBaHHS  CKJIQJEHUX  TOPIIHIB  JBUTYHIB
BHYTpimHbOTO 3ropssHHS (/IB3), BH3HAaueHHIO iX TEMIEPAaTypHOro Ta CKJIAIHOTO
HaIPYXeHO-1e(OPMOBAHOTO CTaHy Ha CTAMX 1 MEPEXiTHUX PEKUMax POOOTH TU3EIS,
pecypcHiit mirHOCTI. O6'€eKTOM TOCHIKEHHST € poO0dYl MPOIECH, MPOIECH TEIIO0OMIHY,
moJisi TeMIlepaTyp Ta Hamnpy»KeHb, Npo(uUIb MOpPIIHA B YMOBaX CTal[lOHAPHOI 1
HecTalioHapHoi po6orw auzeniB. IlpeagMeroM HOOCHiIKEHHS € 3aKOHOMIPHOCTI, IIIO
XapaKTePU3yIOTh TEIUIOOOMIH y IWIIHAPO-TIOPIIHEBIM Tpymi, ¥WOro BIUIMB Ha
TEMIIEpaTypHUH, HaNpyKeHO-Ie()OopMOBaHUMN CTaH MOPIIHSA 1 PECypC AM3ENIB CepeHbOI
[IBUIKOXITHOCTI.

B po6oTi BUKOHAHO aHaJi3 Cy4aCHUX KOHCTPYKIIIM IMOPIIHIB Ta METOIB 1 MOJeei
JUTSL BU3HAYEHHS! TEMIIEPATYPHOTO 1 CKJIAJHOTO HAMPY>KEHOTO CTaHy IMOPIIHSA Ha CTaluX 1
MEPEXiTHUX peKUMax poOOTH JBUTYHA.

3anmponoHOBaHO HOBY KOHCTPYKIiO mopirHs ausens tuny JI-100, maca sikoro
3meHmieHa Ha 17 xr (3 39 no 22) 3 skux 4 Kr — 3a paxyHOK 3aCTOCYBaHHS PO3poOJIEeHOI
METOJIMKH JTOCIIIKSHHS .

3anporoHOBaHO aIrOPUTM BH3HAaueHHs rpaHuyHux ymoB (I'Y) Ha mnoBepxHi
nopmHs. [lokazano, mo mpu Bu3HadeHHI ['Y 11 HecTamioHapHUX PEXHUMIB poOOTH
HEOOXITHO BpaxOBYBATH dYac MEPEXiAHOTO TMpoiecy. Bu3HA4eHO 3aKOHOMIPHOCTI, MIO
BU3HAYAIOTh 3MiHY TEMIIEpaTypH MOPIIHS 3 TUTMHOM 4acy Tijl 9ac MPOTPiBaHHS JBUTYHA
BHACJIIJIOK 3MIHU TEIUIOBUX BJIACTUBOCTEN OXOJIOJKYIOUUX poOoUuX pinuvH (aHTU(pU3y Ta

Macina). Mogeni I'Y po3poOiieHo Jisi BC1X MOBEPXOHb MOPIIHS — KaMepu 3ropsaHHs (K3)



gyepe3 MOoeNb poO0voro Mpolecy; BHYTPIIIHBOT MOBEPXHI, IO OXOJIOMKYETHCS MAcllOM;
OOKOBOi MOBEpPXHI Yepe3 KOHTAKT abo 3a30p 3 IMWIIHAPOM, IO B CBOK 4Yepry
OXOJIOMXKYETHCS aHTU(DPU3OM.

I'V na nomepxni K3. Po3pobiieHo mporpamy TeIIOBOIO PO3paxyHKy poOOYOro
nporecy. lle mamo MOXIHMBICTH OCHIMKYBaTH MOJCIBbHUNA poOOYMil mporec i3
3aCTOCYBaHHSM Bigomux o-hpopmyi. [lokazano, mo a-popmyna I'. b. Po3en6iita 6uib1 3a
BCE MIAXOAUTH Il JociipkeHb ausens tuny J[-100. 3anpomnoHoOBaHO CHpOIICHUMN
anroput™ Jyis Bu3HaueHHs ['Y Ha nmoBepxHi K3 nmopmias.

'V na BHyTpimHIM moBepxHi. ['Y Ha BHYTpIlIHIA MOBEPXHI JHUIIA MOPIIHS
BHU3HAUCHO 3a JBOMa METOJaMU: MEPIIUA METOJ] — KJIIACHYHUMN, TOPIICHh HEPYXOMHM, 1
PYX OXOJIOJKYIOUOTO Macjia BHU3HAYEHO MO IIBUAKOCTI BUTIKAHHS 1 CWJII TSDOKIHHS 3
ypaxyBaHHSIM B'S3KOCTi. JIpyruii — pyx mMacja BU3HAYEHO 0 PYXy HOTro II0J0 MOPIIHS 3
ypaxyBaHHSIM 3MIHHOTO NMPUCKOPEHHS MOPIIHSA. Pe3ynbTaTii MOACITIOBAHHS MTOKA3aJIH, 110
JUTSL TIPOTHO3YBaHHSI TEMIIEPATypPHUX IOJIIB MOPIIHIB CKJIAJHOT KOHCTPYKIII 3 MaciIsiHUM
OXOJIOJDKYBAHHSAM  (3alpOIIOHOBaHA KOHCTPYKIliA) abo TOPIIHIB 3  1HEPHIAHUM
OXOJIOMXKEHHSIM, IPYTUN METOJI € OUTBII TOYHHM.

'V Ha O0KkOBIi TOBEPXHI MOPIIHSA TAKOK BU3HAYEHO 32 ABOMA METOJaMU: NIEPIIUNA —
poboue TUTIO B 3a30paxX PYXAEThCSA 3 MOCTIMHOIO MIBHAKICTIO; IPYrHM — poboye TiIO B
3a30pax PyXa€eThCs 31 3MIHOKO MIBUJIKICTIO, 1 HOTO IIBUJIKICTD 3aJICKHUTh Bl PyXY IMOPIITHS.
Pe3ynbpTaTi, oTpriMaHi 3a JBOMa METOJIaMH, BIIPI3HSAIOTHCA HE3HAYHO. 3alpONOHOBAHO
dbopMynu 175t BU3HAYCHHSI Koedilli€eHTa TEIIOB1IIa4l Ta3iB B 3a30pax 31 CTIHKOIO TOPIITHS.

PesynpTaT po3paxyHKIB TIOKa3ajld MOMKIUBICTh BHUKOPHCTAHHS CIPOIIEHOTO
QITOPUTMY 1 BHKOPUCTAHHS pE3YyJbTaTIB MOCHIDKEHHS I po3paxyHky [Y mpu
BU3HAYCHHI TEMIIEPATYPHOTO, CKJIQJHOTO HAMPYKEHOr0 CTaHy Ta PECYpCHOI MIIHOCTI
MOPIIHS HAa CTAUX PEeXUMax 1 B MEpPEeXiTHUX Mpolecax podotru nuzenss. Pesynbratn
MPOTHO3YBAHHS TIOJNIIB TEMIEpAaTyp 1 HANpyXKeHb MOKa3ald, IO HOBAa KOHCTPYKIIiS
xononuime a0 40K (na mosepxui K3 mopmns), a vanpyxenns menmi go 30 MIla (na

noBepxHi K3 noprns).



3anponoHOBaHa TEXHOJIOTI KOMM'FIOTEPHO-IHTETPOBAHOI'O MPOEKTYBAHHS J03BOJISIE
MPUCKOPUTH TMPOLEC MPOEKTYBaHHA Ha HOro MOYATKOBUX e€Tamax 3 JOTPUMAaHHIM
KOHLEMi rapaHTOBAHOI0 3a0€3ME€YEHHs PECYPCHOI MILIHOCTI MOPILIHS.

3a3HayeHl pe3yJbTaTH 3alpoloHOBaHO 110 BhpoBamkenHs B Il ««3-x
iM. ManuieBa», 1o € BUpOOHUKOM JBUTYHIB I[bOTO KJlacy. Pe3ynpTaTu BIpOBaKEHO B
HaBYaJIbHOMY  TMpoleci  Kageapu  KOHCTPYKLiM  aBiagBuryHiB  HaiioHanbHOrO
aepokocmiueckoro yHiBepcutery iM. M. € XKykoBcbkoro «XAl». Takoxk B TPaKTHKY
HAYKOBUX JIOCHIJKEHb Kaeapu.

KitouoBi cnoBa: au3enb, ra3o00MiH, TEMJIOOOMIH, MOpUIEHb, T'PAHUYHI YMOBH,

MareMaTndHa MOACJIb, TepMOHapr}KeHHﬁ CTaH, peCypcC, HCpCXiI[HI/Iﬁ PEKUM.
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ANNOTATION

Nguyen Van Duong. Piston of a medium-speed diesel engine construction designing
using the modified method of thermal-stress state analysis. Qualifying scientific work on
the rights of the manuscript.

Dissertation for the Doctor of Philosophy Degree in Specialty 142 - "Energy
Engineering”. - National Aerospace University. Zhukovsky ME Kharkiv Aviation
Institute, Kharkov, 2020.

The paper deals with the existing and proposed methods of modeling the
temperature and thermal stress of the composite piston on a constant and transient modes
of diesel operation, the use of which allowed to offer a new design of the piston diesel type
D-100 whose weight is reduced by 45% (up to 22 kg).

An algorithm for the process of determining boundary conditions (BC) for pistons is
proposed. It is shown that the transition time should be taken into account when
determining the BC for non-stationary modes of operation. For this purpose, the
temperature of the piston, the thermal properties of the working fluid and the means of

cooling over time are determined. The BC models are designed for all piston surfaces -


https://khai.edu/ua/nauka/konferentsiyi/iktm1/

combustion chambers (CC) - through a workflow model; internal - oil-cooled; lateral -
subject to clearance and / or contact.

BC on short circuit is defined by the developed program of thermal calculation of
the work process, which allowed to study the model process using known formulas of heat
exchange (a-formulas). It has been shown that the GB-Rosenblitt a-formula is best suited
for D-100 diesel studies. BC on the inner surface of the piston is determined by the
variable acceleration of the piston. BC on the side surface is determined by the variable
speed of gas movement in the gap. Formulas for determining the coefficient of heat
transfer of gases in the gaps with the piston wall are proposed.

Simulation at all stages of work was carried out for both the proposed and for
comparison for the standard piston. It is shown that the new design is colder up to 40K (on
the surface of the piston CS) and voltage less than 30 MPa (on the surface of the piston
CS).

These results are implemented in the practice of scientific research and in the
educational process of the Department of Aircraft Structures of the National Aerospace
University. M. Zhukovsky "KhAI",

Keywords: diesel, gas exchange, heat transfer, piston, boundary conditions,

mathematical model, thermal state, transition, resource.



