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NMocTaHOBKa 3apaun

® PaccmaTtpuBaeTcs HenpamMon MexaHn3M BO3HUKHOBEHUS LWyMa ropeHund
® TpuHATO, YTO ANMHA BOMHbI BO3HUKAIOLWErO WyMa CYLLLECTBEHHO DonbluUe, Yem pasMmepbl conna
® AHanus npoBoaUTCA MYTEM KOMMIEKCHOro NPUMEHEHUS METOA0B KOHEYHbIX ANIEMEHTOB N aHaNUTUYECKNX METOO0B

4 ) 4 )

o )
Kamepa c2opaHusi

L 4
daJsibHee rnoise

Henpsamou wym

BonHbl

QHTpONUK

ropeHus
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TeopeTnyeckas OCHOBa peanusaunm B aHanmn3e 4actoTHOro oTknmnka B Actran
KomnaktHaa mopgenb — Marble & Candel (1977)

¢ 3akoHbl COXpaHeHUA pealim3yroTcAd An4d BXoda U BbiXoda U3 corsia

® AHanuTUYecKne 3aBMCUMOCTU CBA3bLIBAIOT donykTyauun aHTponumn (S°/cP) c wymom B npsimom (P*) n o6patHom (P)
HanpassieHUN pacrnpocTpaHeHus, OTHOCUTENBLHO MOTOKa

® Peanns3oBaH y4eT Hanuuma ckadyka ynrioTHEeHUS B CBEPX3BYKOBOW YacTu conna

Marble F.E. and Candel S.M. Acoustic disturbance from gas nonuniformities convected through a nozzle.
Journal of Sound and Vibration, 55:225-243, 1977
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TeopeTnyeckaa oCcHOBa peanusaumm B aHannse 4YacTtoTHOIo OTKIMKa B Actran
KomnaktHaa mogenb — Cumpsty & Marble (1977)
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® PaclwunpeHue npegblaywen mogenu, gononHUTENbHbIM YYET CpegHEN CKOPOCTU TEYEHUS

® BbluncnutenbHo ObicTpas npoueaypa aHanuaa

® 3aKoHbl coXpaHeHUs Npu NPOXOXKAeHUM 3ByKOM cTynenu '
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Cumpsty N.A. and Marble F.E. The interaction of entropy fluctuations with turbine blade rows;

a mechanism of turbojet engine noise. Proc. Roy. Soc., A 357, 1977
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Peanusauusa B Actran TM (4aCTOTHbIN OTKITUK)
U NpuMep pacyeTHOU Mmoaenu

® B Actran YKa3aHHbI€ BbllWE MOoLeENn npeacrtaBli€eHbl B BUAe MHTepcbeVlca MeXxay
NnoBEPXHOCTAMU CBA3N

® 3agatotcs BenuynHa SHTpOoNuK, yribl BXoga N BbiXxoga CpeaHero TedeHust, YMCro
Maxa cpefHero noToka B KpUTUYECKOM ceyveHnn 1 Yncno Maxa nepepn ckadykom
YNSIOTHEHUS (ECIN ero HYXXHO y4uTbIBaTb)

Kamepa Conno [anbHee none
cropaHus NHTepdenc Nozzle

Cpena (K3) ”fﬁf:ﬂ”aﬂ Cpena (K3)
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Peanusauusa B Actran TM (4aCTOTHbIN OTKIIUK)
U npuMep pacyeTHon mopenu (npopornkeHue)

® OcecMMmmeTpuYyHas pac4étHasi Moaenb ANst MOAenMpoBaHus akcnepnmeHTa EWG3 (onncaH ganee)

® MogernbHoe conno n Kamepa cropaHus
® Kputndeckasa 4yacTtb consia 3ameHeHa rnepegartoqyHon pyHKumnen

® KomnnekcHasa BenuumnHa aHTponun 3agaHa B goopme rpadumka ot 4acToThl
® OTKNOHEHNE NOTOKA HE paccMmaTpuBaeTCs, Nosie cpegHen CKOPOCTUN YUUTbIBAETCA B KaHalbHbIX MOAax U cpene

Kamepa Conno
cropaHms UHTepdeiic Nozzle Tpyba

User Input Walues
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NMpumep pacyeTHon mogenu gna NA

« OcecummeTpuyHasa mogesnb TYpOuHbI U BbIxogHoro yctponctea [T

* 4 cTyneHu, BbIXOQHOE YCTPOMUCTBO, U3Iy4YeHue Wwyma B NPOCTPaHCTBO

« [1na KaXkgowu CTyneHn npumMeHeHa aHanutTuyeckas mogesnb, cOopMuUpoBaHbl NepegaTtodHble
JOYHKUKMMN, KaK ONnMcaHo paHee

 [lonsa cpegHen CKOPOCTU N Ap. NapaMeTpoB npeasapuTternibHo paccyntaHbl B CFD cucteme
* I3MeHeHmne 3HTPOoNuM Ha BbiXxode 13 Kamepbl cropaHua paccyutaHo B CFD

YpOBHM 3BYKOBOIO aBfieHUd
Yron, rpag

Transfer

Admittance /

Finite Fluid & 180°
Infinite Fluid : i Actran

Hac;:g;;, My
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Pewatenb Actran DGM

® PelweHne nnHeapunsoBaHHbIX ypaBHEHNW DuUnepa
® PacyeTt BO BpeMeHMU

® Pas3pbiBHbIN MeTOo anepknHa, ssBHaa cxema UHTerpupoBaHus
no BpemeHun — PyHre-KyTTa

® p-agantuBHasa ceTka

® LLlnpoknn BoIbOp peanm3oBaHHbIX UICTOYHUKOB LLYyMa U
rPaHMNYHbIX YCIOBUU

® YyeT cpenHemn ckopoCTu cpeabl, B TOM YMCIE CBEPX3BYKOBbIX
TEYEHNN N CKAYKOB YNSIOTHEHUS

® HeoTpaxatowine rpaHnYHbIE YCIOBUS
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Peanu3auua B Actran DGM:
rpaHn4YHble ycnosusa ToMncoHa

® ['paHnyHbIe ycrnosna ToMncoHa OcecMMeTpUYHas mogernb conna
® HaknapgbiBaoTCcA Ha Hapy>XHOW NOBEPXHOCTU 3NIEMEHTOB aKyCTUYECKOU cpeabl

*HeoagHopoaHoe nomne NnoTHOCTU, CKOPOCTU UMK AaBNEHUS!, NN NX
KoMOuHaumsa

®HeKoHcepBaTUBHast hopMynMpoBKa
*HeogHopogHoe none NnoTHOCTU, 3HEPTUN UM MOMEHTA ABMXEHUSA
®KOHCepBaTUBHaA hopmynupoBka

® (MaBHas 0COBEHHOCTb — HEOTPAXXEHME BOSMH, KOTOPbIE ABUralOTCS B
HanpaBneHnn, NPOTUBOMNONOXHOM BO3AEUCTBUIO

® icnonbaytoTca ang mogenupoBaHUSa BO3OENUCTBUN OT KOHCTPYKTUBHbIX
9JIEMEHTOB, KOTOPbLIE B MOAESIN HE ONMUCaHbI

'Hanpmmep, wyM BO3AYLWHbIX BUHTOB

[.Y.

MIANT:I(R(’C‘V
TOMHCOHa 0.000 63.6 127. 191. 254. 318. 381. 445.

® lNprmMeHuTenbHO K 3agade pacnpocTpaHeHus LWyma ropeHus B conne [.Y. CpeaHsisi CKOPOCTb, M/C
TomMncoHa MoryT ObITb NCMONb30BaHbI B KA4€CTBE UCTOYHMKA N3MEHEHWS
SHTpOMMUU
. ( FFT
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Thompson BC
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PacuetHas moaenb conna B Actran DGM

Pre-Nozzle

Nozzle

Physical Domain

Physical Domain
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Post-Nozzle

Physical Domain

Buffer

Zone

Buffer
Zone

29uN

® BO3MOXXHO NOCTpOEHMNE KaK OCECUMMETPUYHBIX (Ha
MNSIOCKOCTU), TaK U TPEXMEPHbIX Moaenemn

® MNpeacTaBnsaeT UHTEpec MoaennpoBaHne obnacTu
KPUTUYECKOrO CeYeHust conna

® Ha BbIxoge npumeHsietTcst bydepHasi 30Ha ansa obecneyeHus
HeoTpaeHUA BOJSTH

® INone cpenHen cKOpPOCTU NpeaBapuUTENbHO PacCYNTbIBAETCA
B CFD cucreme

® Bo3aMOXXHO MOaennpoBaHne pacnpocTpaHeHns 3ByKa B
YCMOBUSAX CBEPX3BYKOBbIX TEYEHUIN N CKAYKOB YMNIOTHEHUS

°3TN YyCNOBUSA 3a0aH0TCA HEOHOPOAHOCTLIO NONs cpeaHewn
CKOPOCTU MoToKa

® B octanbHOM NpUMEHAITCA Te Xe A0NyLEHUs, YTO U ans
npeablayLlen ogHoMepHoOW Mogenu conna
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BannaaunoHHbIe pacyeThl

* [nsa Banuaaumym MeToauk UCNoNb3oBanunch pesynbsTaThl 3KCNEPMMEHTOB Ha ycTaHoBKe Entropy Wave Generator
® 3apaBanuch Nynbcauun Temnepatypbl AnuTenbHOCcTb0 100 MmS, ¢ YacTOTOM CreaoBaHus B OOHY CEeKyHAOy

Enfropy Wave Generator Module Convergent-divergent
. (EWG) nozzle
(Time dependent electricel heat Thermocouple / Flexible tube

source) Vibrometer Microphones
Settling
Chamber / j\\ /
- omrniesa

Y Kacri| Xacrz Xncra]Xacra | - PE3YJNIbTaTbl UCNOSIb30OBariuCb AnAd cpaBHeHUA

F. Bake, C. Richter, B. Muhlbauer, N. Kings, I. R6hle, F. Thiele and B. Noll, The Entropy Wave Generator (EWG):
A reference case on entropy noise, J. Sound Vib. 326 (2009) 574-598
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BannaaunoHHble pacyeTbl:
BbIYMCIeHMe NOosis cpeaHen CKOpPoCTU B conre

® Ucnonb3oBanacb CFD-cuctema
OpenFOAM

® IlorpaHcnoun He moaenupoBsarcy,
HO paawnarnbHasi HeOOQHOPOAHOCTb
CKOpPOCTU Bbl3blBarna
HecTabunbHOCTb cYETa B Actran
DGM

® OCHOBHOW NHTEpPEC -
npeacTaBnseT pacrnpocTpaHeHne

Map
EAN_VELOCTY

BOJIH B HanpaBlieHNN Te4eHnd 0000 63.6 127. 191. 254. 318. 381. 445.
cpeabl, nonepe4vHyto

HeoaHOPOAHOCTb LlenecoodbpasHo N3HavyanbHoOe nosne
NCKIIOYUTb N3 paCCMOTPEHNA — cpedHel ckopocmu

9TO YMeHbLUAEeT HeECTAbUITbHOCTb
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BanunpauuoHHble pacyeTbl. BHewHee Bo3gencTteue B Actran DGM

® Bosgencteue 3agaérca rpaHUYHbIMKU yCrioBUAMM TOMMNCOHa

° MNpounb 3aMeHeHUs1 NNOTHOCTM MO BpeMeHN Obin nogobpaH Tak, YTobbl NapaMeTpbl coBnaganu ¢

I9KCrNnepnMeHTalribHbIMIA

Temperaturevs Time - EWG1
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——Experimental Signal Analytical Signal
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BanupaunoHHble pacyeTbl: BapuaHT EWG1 — cBepXx3BYK U CKA4YOK YNNOTHEHUS

SPL FrequencySpectrum- EWG 1 - Microphone 1

SPL [dB]

30
15 35 55 75 95 115 135 155
Frequency [Hz]
—EXp - |EE model - Actran DGM
Compact model - Marble and Candel + Compact model - Cumpsty

¢ ,El,pyrme BapunaHTbl: JO3BYKOBOE Te4YeHne, TpaHC3BYKOBOE Te4EHNE B KPUTUHECKOM CEHEHNN

Deconinck T., Vallon A., et al, Numerical investigation of indirect combustion noise mechanisms in a nozzle,
23rd International Congress on Acoustics, Aachen 2019

17 | hexagonmi.com | fft.be (‘ ‘ HEXAGON -




Bcepoccunckun Aspoakyctudeckunin @opym | 20-25 ceHtabpa 2021 r. | FeneHaxuk

KoMmnnekcHoe npumeHeHue Actran

°Moka3aHbl BO3MOXHOCTK aHanuaa Lyma ropeHust B Actran v ux sanuaauus

*[lpu peweHnun 3agad B Actran DGM HaknagblBaeTca MeHbLUe OrpaHndYeHnin, Yem B
ogHOMepHbIX Mogensx Cumpsty & Marble, yto ny4dwe nogxoauT Ans 3agad NPOMbILLIIEHHOIO
YPOBHS

®Cwuctema Actran nogaepXxuBaeT COBMECTHOE NPUMEHeHNe yKa3daHHbIX onumin ¢ 6a3oBbIMU
MeTogamMun aHanusa wyma [T n gpyrnx yCcTponcTs

®*B03MOXHO KOMIMMNEKCHOEe NpuMeHeHune Actran ¢ gpyrummn cuctemamm aHanmsa (CFD) ans
npoBeaeHNs pacCMOTPEHHbIX pacyETOB
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Cnacu6o 3a BHUMaHue
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