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CopaepxaHwue:

*UTO Takoe BOSHbI «LUEMNYYLLEN ranepen»?
*BEHTUNATOP — NCTOYHUK BOSTH «LUENYYLLEN ranepeny
Ontummnsaums 3l1K - peuent

[1lpnmepbl onTuMmarnbeHbixX 31K ans BonH «LwenyyLen
ranepemn»

-ObcyxaeHune



BonHbl «wenyywen ranepeun B cobope Ceatoro Nasna, JloHOoH
Ponen— 1876 . n 1910 r.
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AKycTn4yeckoe

Kynon coGopa, BUf, CHU3Y Cxema Kynona c ranepeeu

pv(r) — Av "Jv(knr)'el.v.g
kn = dJ,, (knr)/dr|,_g=0

norsrie B rariepee

v~k-R . BOSHbI «LLENYYLLEN ranepeny



PagunansHoe pacnpegeneHne gaBneHusd
B BOJIHAX «LUenyyLlen ranepen»
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BEHTUNATOP — UCTOYHUK BOSTH «LLENYYLLEN ranepeny

BeHTnnatop - mHoro nonatok. COOTBETCTBEHHO, YrIoOBbIE
HOMepa Ccunbl, reHepupytowne 3ByK, bornbLune. JIMHenHbIe
CKOPOCTM BpaLleHusi, brnnmskne K CKOpoCTU 3BYKa.
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Combined Modes

(rotor-locked, rotor-

Rotor-Strut Modes .

NASA/TM — 2002-211573
Duct Mode Measurements on TFE731 Full Scale
Engine. D.Sutcliff, K. Konno, L.Heidelberg
http://gltrs.grc.nasa.gov/GLTRS

stator, rotor-vane, and

rake wake interference)



http://gltrs.grc.nasa.gov/GLTRS

Kak 6bopoTbcs € BpallatoLLMMUNCS
mooamMun? HyxHa ontummnadauuna 3l1K.
YTo noHMmMaTb noa ontumMmmnsaumnen?

MWHUMYM cyMMapHOU U3ny4aemMon MOLLHOCTHU

MWHUMYM M3ny4aemMon MOLLHOCTU Ha HEKOTOPOU
yacTtoTe

MunHumym EPNL ob B Tpex To4kax

MaKkcMyM NOrnoLeHns npum oTpaKeHum oT
rpaHuL

........... yTO-TO eLle?



Kak ontmummnanpoBatb?

CnunsaHue mogp - B.J. Tester. The optimization of modal sound
attenuation in ducts in the absence of mean flow J. Sound Vib. 27, 477-513,
(1973).

Heo.qHOpOAHbIFI nMmneanaHcC — cMoTpeTb, HE NOSTYYUTCA M nyylle, Yem
npu ogHopoagHom nmnegaHce - L.M.B.C. Campos and, J.M.G.S. Oliveira. On
the optimization of non-uniform acoustic liners on annular nozzles J. Sound
Vib. 275, 557-576, (2004)

3agava onTUMuU3aumMm B CTPOron NOCTAaHOBKE (C MUHUMMU3aLMEi

ueneson oyHkummn) D. Stanescu, L. Mathelin and M.Y Hussaini. Optimal
acoustic design of fan inlets for noise radiation. 9th AIAA/CEAS AIAA 2003

“In order to ensure aero-engine liners are optimised, improved duct

propagation prediction models are required, in particular for 3D
Intakes (including non-linear propagation effects) and for 3D bypass ducts
(including propagation through the jet shear layer)”

In “Acoustic liners for modern aero-engines.” Andrew Kempton

Chief Noise Specialist, Rolls-Royce,Visiting Professor, University of Southampton
(internet source: CEAS_ASC_ XNoise FV_K1 Kempton) v



Hu oguH 13 nogxoaoB He peann3oBaH HY NPaKTUYECKU, HU Jaxe
TeopetTnyeckn. ONTMMYM He HaWaEH.

B noknane CEAA 2010 (cm. Takke AKYCT. XypH. 2011,

57, 6) npeanoxeH NpocTon, 0AHO3HAYHbIN, KOHCTPYKTUBHbIN
(B MaTteMaTn4eckoM CMbICNe — C peanuayembiM anroputMom
MOCTPOEHUS) Noaxon K onTUMMmnsaLmm.

dopmynupoBka nogxoaa:

[loBepXHOCTb, HA KOTOPYIO NagaeT 3BYK, AOJIXKHA
ero nornowaTtb NOJIHOCTLI (OCTaeTcA TONMbLKO
nagaroLyee norsne).




p(r, @) = po(r, @) + p (T, ®)
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NMpu Takom umMnepaHce rpaHnubI
nagatollee norse norrnoljaeTcs.



MnniocTpaunm Ha NPOCTbIX NpuMepax

1. [NageHne Nnockown BOMHbI HA UMMNEeOAaHCHYHO MNOCKOCTb

p(x,2) = Aexp[i(&x — k2 — £22)]

V,(X,2) = i‘/k2 —& Aexpl....] g@ ;

—lwp

—lwp wp 0C
/ (X,z=0)=- — =
opt( ) |\/k2 B 52 \/kz _52 COS@
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nntocTpaunm Ha npocTbiX NpuMepax
2.]1Ba TO4EYHbIX NCTOYHMKA

0 0.1 0.2 0.3 0.4
X

c=340m/c, f=1500Tu, . llo ocun abcumcc koopanHata
BAOOSb NMSIOCKOCTU (B MeTpax). X,=0.0m, z,=0.02m;
X,=0.07m, z,=0.13m; A;=1, A,=0.8. 1



bonee 6nn3kni K aspoakycTuke npmmep

ST
Ny

Mone AaBneHus B LMNMHAPUYecKoi cucteme koopauHat Z, I, 6

NV

0(z,r,0) = ji A(V’kz)°Hv(r°\/k02—kzz)'eikzz”“/'@dv-dkz

V,Z

A(v,K,) - v akcnepumenTa, nunu us mogenu
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Ll,VIJ'II/IH,EI,pI/IL-IeCKaFI pacxogAalandacad BOJIHA, OonTuMalibHad npoBoAUMOCTb

- -H, ® (ko Rsin v
B(v,koRsiny) -2 = 4 (koRsiny) v
siny  ~ H Y(kgRsiny)  koRsiny
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BrnnsHne HETOYHOCTN HACTPOWUKN Ha NOrroLleHmne
LMNNHOPUYECKUX BOSTH

KoadhdpununeHT oTpaxkeHns unmnmHapudeckom
BOJTHbI NpM NOH6OW NPOBOAUMOCTU rPpaHnLbI:

~—H,W(kRsiny)-B-i+H, " (k,Rsin y)

~ H,@(kyRsiny)-B-i—H, @k Rsin 7)
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BrnnsHne HETOYHOCTN HACTPOWUKN Ha NOrroLleHmne

LNJTNHODNYECKUX BOJIH
1

0.8
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KoRsIny

3aBNCUMOCTb KOaddnuneHTa oTpaeHma 19-n yrrnosom
rApMOHMKM MNPW HACTPOUKe NPOBOANUMOCTU Ha apyrue
yrrnosble rapmMoHuku: 14, 16, 18, 20.

15



BnnsHne HETOYHOCTN HACTPOWUKN Ha NOrnoLleHne
LMIUHOPUYECKUX BOSTH
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3aBNCUMOCTb KoadodpuumeHTa otpaxeHunsa 14-n, 17-n, 19-n, 21-n yrnoBbIX rapMOHMK
NPy HaCTpoMKe NPOBOANMOCTM Ha Apyrue yrrosble rapmoHukmn: 14, 16, 18, 20.
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BbiBOoAbI:

cxogHbIMM AaHHbIMKU ANst BbIbopa U NPOEKTUPOBaHUS
cuctembl 3l1K gomKHbI 6bITE MAapamMeTpbl U3Ty4aemoro nosns, a
He napaMeTpbl BOfTHOBOAA.

[Ona (teopetnyeckon) ontummnsauum 3K He Hy>KHO pellaTtb
CITOXHble, MHOroaKkTopHbIe BapuaLlmoHHbIe 3agadun. BmecTto
STOr0 HY>KHO COrnacoBbiBaTbh UMNEAaHC C UICXOAHbIM,
NepBUYHLIM NoJSieM, Co3g4aBaeMbIiM UCTOYHUKAMMN.

[Ona umnuHapuveckux BosSTH ¢ 60nbLIMMK YIIOBbIMW HOMEPaMU
npeanoXeHHbIW noaxon gaeT YyCTOMYUBbIM K HETOYHOCTAM
BbliOOpa pesynbrar.

PekomeHaauus:

[MpennoxxeHHbIn npuHumnn ontummndaumm 3IK cnegyert
pekoMeHOoBaThb K MPUMEHEHUIO.
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