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Oco06J1uBi TO3HAYKHU: Binkpura
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II. Etran BukoHnauus JiP

Homep eramny: 1

Ha3sBa eramy: Po3poGka MeTOAMKY 1151 PO3paxyHKy [Y-MOMITHOCTI ra30Typ6iHHOTO ABUTyHA
IToyaTok eramy: 10.2019

3akiHyeHHs eTamy: 11.2022

Bupz 3BiTHOTO AOKYMEHTA: OCTaTOYHUM 3BIT

I11. BizomocTi npo BuKoHaBus JIiP
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IV. BimomocrTi nipo ciiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

TloBHe HaliMeHYBaHHS IOPHIAHYHOI 0coou (a6o ITIB pizuyHO0i 0cO6H): lepskasHe ninnpuemcTBO
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Poamip opranisanii:
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VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa pjist npoBemeHHs JiP: 52 - norosip 3 BiTunsHAHOW OpraHizauiero (Opranamu MiclieBoi pau,
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3po6ka MeTOIMKHM 7151 pO3paxyHKy Y rmomiTHOCTI ra3oTyp6iHHOTO ABUryHA

Ha3sBa po6oTH aHIJIilICbKOIO:

Development of a methodology for calculating the IR visibility of a gas turbine engine

PedepaT ykpaiHCbKOIO:

B xopi BUKOHaHHS JaHOi poOOTU pO3POOIIEHO aJTOPUTM [1JIs1 YUCEJIBHOI OLIiHKY [Y-BUIIPOMiHIOBaHHS
ra3otryp6inHux ABUryHis (I'TM). AiropuTm m03BoJIsIE MOzenoBaTy [Y-BUIIPOMIHIOBAHHS i3 COMJIA SIK OHO-, TaK i
IBOX-KOHTYPHUX ABUTYHIB CKJIanHOI KOHPirypaujii. MonestoBaHHs BHYTPIlIHIX TOBEPXOHb ABUTYHA IIPOBAIUTHCS
LIJISIXOM Ha0JIMKEHOTO MOJIEJIIOBAHHS iX SIK HAOOPY €JIEMEHTApHUX [10BEPXOHb 06€PTaHHS JPYroro MopsuKy, Takux
sIK ITapaboJioiz, KOHyC, UUIiHAP, Kinble. MonentoBanHs [Y-BUIPOMiIHIOBAaHHS IIPOBAIUTHCS 32 TOIIOMOTOI0 METOLY
MonTe-Kapiio, msxoM MPpOCIiIKOBYBaHHS iCTOpPill BEJIMKOro yrciia Mpo6HUX (POTOHIB i3 BUNTaIKOBUMU
HalpsIMKaMU pyxy. Y JaHOMY aJIfOPUTMi, MOJIe/IIOBaHHS [Y-BUIIDOMIHIOBAHHS CyMillli ra3iB BCEPEIVHI JBUTYHA
IIPOBOJUTLCS y HAb/IKeHHi Statistical Narrow Band, 110 103BoJ1sI€ 3 BUCOKOIO TOYHICTIO BPAaXOBYBaTH
XapaKTEepUCTUYHUI XapaKTep CIEKTPIB BUIIPOMIHIOBaHHA i nornuHanHA [Y-pagiauii TMM 4K iHIMUM ra3oM. Takox
aJITOPUTM Mae€ [0JaTKOBY OIIIii0 JJ1s1 CIIpolleHoi oliHKy [Y-BunpomiHioBaHHS ras3iB y HabJIMKEHHI ciporo rasy.
JlaHui1 aJIrTOPUTM [103BOJISIE MOJIEJIIOBATH ra30TypOiHHI ABUTYHU pi3HOI KOHirypauii, 3 pi3HUM BiTHOCHUM
II0JIOKEHHAM IIE€PLIOrO Ta APYroro KOHTYPIB, 3 HASBHICTIO YY BifCYTHICTIO BHYTPILIHBOTO Tijla IIEPLIOrO KOHTYPY, 3
HasIBHICTIO UM BiJICyTHICTIO BHYTPILIHIX CTifOK ABUTYHA, 3 HASIBHICTIO UM BiiCyTHICTIO PpopcakHOi kKamepu. Takox
BiH Mae MO€JIMBICTh yPaxyBaHHS HasIBHOCTI Pi3HUX 3a Pi3MKO-XiMiYHMMMU BJIAaCTUBOCTSMMU CyMillleid Ta3iB y Pi3HUX
YaCTMHAaX TaKOTo IBUATryHa. TakoX I0JAHO MOXKJIMBICTb BUKOPUCTAaHHS B Mo eoBaHHi ['T]l ereMeHTapHUX
[IOBEPXOHB, 1110 HE BUIIPOMiHIOIOTH [Y-pagianiio, Ta MOKIMBOCTI Bidyanizanii koHctpykuii ['TI. B xozi po6ortu,
IIPOBENIEHO OLIIHKY i MOZIEJIIOBaHHS reHepallii Ta NoraMHanHs [Y-BUNIPOMIHIOBaHHS BHYTPIIIHIMY CTiHKaMU Ta
CYMIlIIIO ra3iB BCEpeVHI TUIOBUX IBOKOHTYpHUX ['T]l pi3sHUxX KOHPIrypaliii, y pisHUX CIIEKTPaJIbHUX Jjialla30Hax.
BusiBi€HO Ta BUIIPABJIEHO / ONPaLlbOBAHO Psif, IOMUIOK Ta TPAHMYHUX BUIAJIKIB, [I0B'SI3aHUX i3 HAKONIMYYBAHHIM
MOX1OKY B KOMIT'IOTEPHiM apudmeTuili, Ta sIKi BAHUKAIOTDh ITPY BUKOPUCTAHHI KOMITIOTEPHOI'O reHepaTopa MCeBo-

BUIIaKOBHUX YHCE

Pedepar aHIJIiHCBKOIO:

Numerical algorithm for estimation of IR-radiation of gas turbine engines (GTE) was developed in scope of this
project. This algorithm allows modeling of IR-radiation visible from the nozzle of one- and double-circuit GTEs of
complex profile. Calculation of inner engine surfaces is carried out by modelling them as a set of rotational
surfaces, such as paraboloid, cone, cylinder and ring. Modeling of IR-radiation is based on Monte-Carlo
methodology, which tracks stories of large quantity of probe photons with randomized flow directions. Modeling
of IR-radiation of mixture of exhaust gases inside the engine is carried out in Statistical Narrow Band
approximation. This allows one to encounter to high precision characteristic nature of absorption and emission
spectra of various gases. Also developed algorithm has an additional option for simplified estimation of gas IR
radiation in gray gas approximation. This algorithm allows one to model gas turbine engines of different
modifications, having different relative spacing of first and second circuits, with or without inner body, forsage
camera or internal racks. Also it is able to account the precense of different gas mixtures in different parts of
engine. Also there were added such features as possibility of usage of non-radiating elementary surfaces and
possibilities of visualisation of GTE scheme. There were provided numerical estimations of emission and
absorption of IR-radiation by inner surfaces and exhaust gases inside of typical double-circuit GTEs, in different
spectral ranges. Found and fixed a set of errors and edge cases caused by error accumulation in computer
arithmetics, and by usage of computer generator of pseudo-random numbers.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazga HTII yKpaiHCBKOIO: Asroputm aj1s po3paxyHky [ momiTHOCTI razotyp6iHHOrO nBuryHa. TexHiqHa

IOKYMEHTallisl aJIFTOPUTMY IJIs1 PO3PaxyHKy [Y OMITHOCTI ra30TypOiHHOTO ABUTYHA

Haszsa HTII anrJificbKo¥0: R-visibility calculation algorithm for gas turbine engine. Technical documentation

for the IR-visibility calculation algorithm for gas turbine engine.

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi pe3yabTaTH: Texunoiorii, Metoau, Teopii, [Iporpamui npoayktu
l'asy3s 3acTOCyBaHHS: OGOPOHHA IIPOMUCIIOBICTb y CY4aCHMX CUCTEMax 6e3neKu
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Anroputm nossonse mopemoaty Y BUIPOMIHIOBAHHS i3 COILIA OJHO i JIBOX-KOHTYPHUX JBUTYHIB
CKJIaHOI KOHirypauii.MogentoBaHHs [Y-BUIIPOMIHIOBaHHS IPOBOAMIICS 32 AOIIOMOro metoay MoHTe-Kapiio,
LJISIXOM MTPOCJIiAKOBYBAHHS iCTOpIi BEJIMKOT0 4KCJla NPOOHMX (POTOHIB i3 BUNAJKOBUMU HAIIPSIMKaMU pPyxy. JlaHuii
aJITOPUTM JI03BOJISIE MOJIEJIIOBATU ra30TypOiHHI IBUr'YHU pidHOi KOHOIrypaliii, 3 pisHUMU BiITHOCHUMU
IT0JIOKEHHSMU TIEPIIOTO Ta IKPYroro KOHTYPIB, 3 HASBHICTIO UM BiZICYTHICTIO BHYTPIIIHIX CTIOVK IBUTYHA. 3

HasIBHICTIO i BifICyTHICTIO (POPCAKHOI KAMEPU

ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Exonomis enepropecypcis, Ekonomis matepiaris,

3MeHIIeHHS 3HOCY 06JIalHaHHS

Bnyins HTII Ha moBKiJjs:

BrnpoBagskeHHs HTII: He snposamxkeHo

ITpakTuyHa peasnizanis HTTI
IToyaToK eramy:
3aKiHYeHHs eTamy:

Crno>kuBavi NPOAYKILii:

IlepcneKTHBHI PHHKHU:

XapakTep CriBpOoGIiTHHIITBA 3 iHBECTOPOM
IloTpiOGHMI 0GCAT iHBECTHILiH, THC. TPH.:
IlpaBa, 0 HaJAIOThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:
HasaBHicTb 0i3Hec-IJIaHY:
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHSI:
IToreH1iaIbHUI 0OCST IIPOJAIKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamist:
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