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Method of installing and fixing gas turbine blades in the experimental determination of
vibration characteristics by digital speckle interferometry.

Kluchnyk V.S.!, Tkach M.R.2, Zlotiy Y.H.?, Proskurin A.Y.# Halynkin Y.M.?

15 Admiral Makarov National University of Shipbuilding

Abstract. Schemes of fixing of the GTE blade at experimental determination of their vibration
characteristics are presented. The advantages and disadvantages of fastening schemes are described.
Special equipment has been developed to determine the vibration characteristics of the blade during its
operation.

Key words: GTE blade; digital speckle interferometry; free oscillations; free boundary conditions.
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OIIHKA EOEKTUBHOCTI 3HMXEHHSA IIKIIJIMBUX BIKHU/IIB
ITP1 BUKOPUCTAHHI I'A3O0ITIOBITPAHUX OXOJIOAKYBAYIB BIINPALIBOBAHUX
I'A3IB CYJHOBUX JU3EJBHUX YCTAHOBOK
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AHoTtamia. g 3HWKEHHS CKCIUTyaTal[iiHUX BUTPAT CYJAHOBHX CHEPreTUYHHX YCTAHOBOK
3alPOMOHOBAHO BUKOPUCTAHHS CKEKI[IHHUX Ta30MOBITPSHUX OXOJIOMKYBAYIiB Uil 3HIDKCHHS PIBHS
IIKIJUTMBUX BUKHJIIB. METOIOM MaTeMaTHUYHOTO MOJCIIOBAHHS OTPHMAHO, IO MOXIIMBE 3HW)KCHHS
koHueHTpauii NOx Big 4 10 7,5% B 3aJ1€KHOCTI BiJl MOTYKHOCTI ABUTYHIB.

Kao4oBi cj10Ba: eHepreTHuHa yCTaHOBKA, PiBEHb BUKH/IIB, BIIIPAI[bOBaHI ra3u, Ta30NOBITPSIHAN
OXOJIODKYBaY

[Tocunenns Bumor MikHapoIHOT MOpChKOi opraHizaitii (/nternational Maritime Organization —
IMO), mo10 3HAYHOTO 3HIKEHHS PiBHS MIKIIJIMBUX BUKHIIB, BUKJIMKAE HEOOXITHICTh 3alIPOBAKEHHS
JIOTATKOBUX 3aXO0JIiB, @ MOXKJIMBO 1 MOJIEPHI3allii eHEPIreTHYHNX YCTAHOBOK 1CHYIOUOT'O TPAHCTIOPTY ISt
3a0e3neueHHs] MOXKJIMBOCTI poOOTH B Cy4acHUX ymoBax [1, 2].

[TpoBigHI CBITOBI TOCTaYadbHUKH CYJHOBOTO OOJIa[HAHHS MPOIMOHYIOTh IIMPOKHH CIIEKTP
JOTIOMIDKHOTO 00NaHaHHs Ui 3HIKEHHS piBHA SOx Ta NOx y BiANpalbOBaHMX ra3ax CyAHOBHX
€HEPreTUYHNX yCTaHOBKAX.

Tax anst ountienHs rasis Big SOx kommnanis Alfa Laval nponionye cucremy Pure SOx, sika Tapantye
BIAMOBIIHICTH piBHs BUKUIB BUMoram 2020 poky [3]. Takox aHamoTiYHUM OOJIaHAHHAM 3aiMaEThCS
1 Wartsild, mo BUTOTOBISE CKpyOepH, sKi MOXYTh BHUKOPHUCTOBYBATHCA 3 OJHHUM YH JEKiIbKOMa
T1JIBOJIaMU Ta31B JIJIsl 3HIKCHHSI MacorabapUTHUX MTOKa3HUKIB [4].

Qipma Wirtsild mpononye cuctemy 3 BHUKOpUCTaHHAM NOR OinbTpiB, sKIi MOXYTh
BUKOPHUCTOBYBATHCS SIK CaMOCTIHHO, Tak 1 3 BOYJOBaHUMH TJYIIHHKAMH ISl 3HWKCHHS
MacoradapuTHUX MOKA3HHUKIB [5, 6].
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[HmuM cnocoGom 3HMkeHHS piBHA NOx y BIANpalbOBAHUX Tra3axX ABUTYHIB €HEPreTUYHHX
YCTaHOBOK BBAXKA€ETHCS PEILMPKYJIALis Ta3iB [7, 8].

B sKOoCTI OCHOBHHMK HEIOJIKIB 3a3HA4EHUX METOMIB € HEOOXIOHICTh 3HAYHOI KUIBKOCTI
J0JaTKOBOT0 00J1aTHAaHHA B MPUMIILIEHH] MAIIMHHOTO BiJ/IJICHHS; BUCOKA MIEpBICHA BapTIiCTh Ta 3HAYHI
BUTpPATH Ha EKCIUTyaTallilo IbOro 00JIaHAHHSA, a TAKOXX HECTAOUTHHICT, pOOOTH Ha HECTAI[IOHAPHHUX
pexumax pobotu. Tomy mopeuHa po3poOKa JOAATKOBHX «IMACHBHUX» CHUCTEM, SIKi O JTO3BOJIMIN
3a0€3MeYnTH 3MEHIIIEHHS KOHIICHTpaIlii BUKUIIB Y Ta3ax, IO CIPSIMOBYIOThCS y aTMochepy.

B po6oTi [9] Oy10 0OTpyHTOBaHO BUKOPUCTAHHS JJIS IIUX IIJIE Ta30MOBITPSHUX OXOJIO0KyBayiB
BIAMpanbOBaHUX Ta3iB. MeTOow MpeACTaBiIeHOI poOOTH € OIliHKa €()EKTUBHOCTI 3HWKEHHS PIBHS
IIKIJUTMBUX PEYOBHH Yy TMOTOII BIANPAIbOBAaHUX Ta3iB CYJAHOBUX JHM3CIbHUX YCTaHOBKAX MpHU
3aCTOCYBaHHI TaKUX OXOJIO/KYBaUiB.

JloCmiKeHHST TIPOBEIEHI METOJJIOM MaTeMaTHYHOTO MOJeNoBaHHS. MoJelb chOpMOBaHO SK
cucTeMa piBHSHb HEPO3PUBHOCTI, 30€peKEeHHs KUTBKOCTI pyXYy, €Heprii Ta XIMIiYHUX PEYOBHH Y CyMIillIi.
Jlnist po3B’si3aHHsI OTPUMAHOT CUCTEMH BUKOPUCTaHO RANS miaxij mpu Horo peatizailii B IporpaMHOMY
KOMIUICKCI 3 BiTbHOO JitieH3ieto Code Saturne [10] 1 xmapHOoMy cepBici Code Scale [11].

MoientoBaHHsl BUKOHYBAJIOCS JUISS YMOB BHXIJHHX JAaHUX JIOTIOMDKHUX JHU3CIbHHUX JBHUTYHIB
notyxHicTh 350...800 xkBrT.

OTpumaHi pe3yiapTaTh TOKA3aJld 3HIKCHHS KOHIEHTpAIlil IIKiUIMBUX pedoBUH (NOx)
Bix 4 10 7,5 %, B 3aJIG)KHOCTI BiJl TapaMeTpiB ABUTYHIB.

[TomankIia podoTa cripsiMOBaHA Ha ONTHMI3aIlil0 KOHCTPYKIIT COTUIOBMX HACa0K Ta BU3SHAYCHHS
KyTa HaXWTy KaTFO31HHOT PEIIiTKH.
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Evaluation of the effectiveness of reducing harmful emissions when using gas-air coolers for
exhaust gases of marine diesel installations

Kuznetsova S.A.!

1-2A dmiral Makarov National University of Shipbuilding

Abstract. To reduce the operating costs of ship power plants, it is proposed to use ejection
gas-air coolers to reduce the level of harmful emissions. By means of mathematical modeling it
was obtained that it is possible to reduce the concentration of NOx from 4 to 7.5%, depending on the
engine power.

Key words: power plant, emission level, exhaust gases, gas-air cooler
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3

Anoranig. OmauMm 13 croco0iB 3a0e3leyeHHs ITAJIMBHOI E€KOHOMIYHOCTI 1 KOMILIEKCHOI'O
3HI)KEHHS! TOKCUYHOCTI AU3EJIBbHOTO JIBUTYHA € BUKOPUCTAHHS BOJIOMAIMBHOI €MYJIbCIi 3 JJ0/IaBaHHSIM
npioHoucriepcHUX BKIOYeHD T10:2. Lle 103BOJIsSE 3MEHIIUTH MaKCUMAIIbHY TEMITEPATypy HHUKIY, IO
BIUIMHE Ha €KOJIOT14HI MOKa3HUKH poboTu JIB3.

Kuro4oBi ciioBa: BofonairBHa eMybCist, TUOKCHA TUTaHy, NOx

[oripmieHHs eKoJorii OTOYYIOYOro JOBKULIS, IO NPUBOAUTH O TMOTIPIIEHHS 30pOB'S
HaCeJICHHsI, Ta 0 HEOOX1THOCTI MOCUIJIEHHS! HOPM Ha TOKCHYHI BUKH/IH, TIEPII 32 BCE BiJl TPAHCTIOPTHUX
3aco0iB, B SIKUX TIEBHE MICIIE€ 3aiiMalOTh CYJTHOBI €HEPTOyCTaHOBKH.

B nanuii yac BBOASTHCA OUTBII JKOPCTKI OOMEXKEHHS Ha BHKUIUW OKCHUAIB a3zory (NOx)
3 BiAMpanbOBaHUMH Ta3aMH, MPUUYOMY DIIIEHHS Ii€l MPOOJIEeMU BUSIBISETHCS OCOOIHMBO BAaKKHM.
Ha nanmii MomeHT 3HWXEHHS BHKUAIB NOX 10 BIAMOBITHOCTI BUMOTaM MiKHAPOIHOTO CTAaHAAPTY
st cynHoBuX nu3enbHUX ABUTYyHIB IMO Tier II, Bmaetbcst mocsrté mpu 30UTBIIEHHI THTOMOI
e()eKTUBHOI BUTPATHU IMAJIMBA, aJie TaKWi NUILX 3HAXOJUTHCS B MPOTHPIYYi 3 HE MEHII aKTyaJIbHOIO
npo0seMor0 OOpOTHOM 3a 3MEHINCHHS BHUKHUIIB MapHUKOBUX ra3iB (CO2) HBUTYHIB BHYTPIITHBOTO
3rOpSIHHA, TOCTPOTa fAKOi MOCTIHHO 3pOCTa€E y 3B'A3KYy 3 HaONMKAEThCS 3arpo30l0 BHYEPIIAHHA
opraniunux nanus [1, 2].

Binomi ciocobu Ta Mmetoaun 60poTsou 3 NOX MOXKHA pO3MOAIIUTH Ha JBi TPYIIH:

- IaCHBHI;

- aKTHBHI.
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