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ABSTRACT

Resonanttype liner panels are onethe primary countermeasuresfor the fan noiseof aircraft

enginesthough the noisereduction performancesof the liners are known to betolerated by the
flow streaming on the liner surface. Therefore, suppressingthe effect of the flow on the liners
Is greatly important for larger noisereduction. In this study, aliner panelwith a specialsurface
structure was manufactured and applied to an outdoor test using a small turbofan engine,
DGEN 380.The surfacestructure consistedof a specialthin film, Fine-Perforated-Film (FPF),
and agap. The gapwasfixed betweenthe FPF and liner surface.In addition, atypical resonant
type liner and a hard wall were usedfor comparison,to investigatethe effect of the structure.

During the test,the sampleswere installed to the exhaustbypassduct of the DGEN 380engine.
The acousticpressurewas measuredwith afar field microphonearray. Analysis and compari-
son of the results showedthat the new structure suppressedhe effect of the grazing flow and
causeda larger amount of noisereduction, comparedto the typical liner sample.
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1. INTRODUCTION

Acousticliner panelsare passivedevicesthatareoneof the primary countermeasurdsr the fan
noiseof aircraftenginesTechnicaldevelopment®n the geometryof modernaircraftengineshave
realizedhigherefficiency, andincreasedheimportanceof fan noisereductionaswell. Theincrement
of thebypas ratio hasloweredfuel consumptiorandjet noiseemission butwasunbeneficiafor fan
noisecomponentsin addition,largerdiameterof fansdecrease theline areaper crosssectionand
lowered the noisefrequency A shorternacelleconcept[1] reducel the engineweight and further
contributel to lower fuel emissiorduringcruse butdecreaseétheareato installacoustidiner panels
Therefore liner panelswith lessareafor installation,or in otherwords,panelswith betternoisere-
ductionefficienciesarehighly required.

The mostcommontype of liner panelsis classifiedasresonantype liners Theseresonantype
liners consistof a perforatedsurfaceplate,a cavity, anda rigid backplate andthe noisereduction
properties havestrongnarrowbandrequencypeaksunderstaticcondition. Therefore they are con-
sideredo be suitablefor reducingtonalfan noise.

However,it is knownthatthe noisereductionperformancesf resonantypelinersaredepressed
iIn mostcasesvhere thereis flow, i.e., grazingflow, on the surfaceof theliners [2-4]. This makesit
difficult to realizeliner panelswith high performanceThe following tendenciesaregenerallyseen
undergrazingflow conditions:

A Theamountof energydissipationis depressed,;

A Thepeakof energydissipatiorbroadens;

A Thepeakfrequencyof enery dissipationslidestowardthe higherdirection.
Thesearegenerallyexplainedo be causedyy theflow streamingnsidetheliner opening[5,6].

To reducethe effectof theflow andrealizehigh reductionperformancesindergrazingflow con-
ditions,anewliner conceptwith aspecialsurfacestructurewasproposedy theauthorsn aprevious
study[7]. Thesurfacestructureconsistef anacousticallytransparenthin film calleda Fine-Perfo-
ratedFilm (FPF),andagap(Figurel) [8]. Thestructurehadthe purposeof preventingair flow from
streamingnside the openingof the liner, and consequentlyeducingthe generaleffectsof grazing
flow. Testsusinga flow ductrig indicatedthatthe newstructuresuccessfullyeducedhe deterora-
tion of the noisereductionperformanceof the liner undergrazingflow conditions The structure
showedpromisingresultsin afundamentatest,i.e., theflow ducttest,butfor furtherresearchthere
wasa needto applyit to morepracticaltess.

Spacer

Figurel: Theconfigurationdiagramgleft) andschematicrosssectionof thenewconceptiner.
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In this study,aliner panelsamplewith the specialsurfacestructurewasappliedto anoutdoortest
usinga smallturbofanengine DGEN 380.A typical resonantypeliner sampleanda hardwall was
alsotestedfor comparisonDuring thetests the samplesveresequentiallyinstalledto the extended
exhaus bypassductof the engine Resultsindicatedthatthe two liner sampledothlargelyreduced
the noisearoundl BPF and2 BPF, althoughthe reductionof the typical liner samplewaslimiting.
The samplewith the specialsurfacestructureshowedsuperiorty overthefi b a s esaniple.e 0

2. EXPERIMENTAL METHOD

2.1. The DGEN 380Turbofan Engine

DGEN 380is a high-pressureatio, two-spoolgearedurbofandevelopedy Akira Technologies
in Francelts fan diameterandaxial lengthis 0.35m and1.13m, respectively The maximumthrust
atsealevelis 2,580 N, andthebypasgatiois 7.6. Thecutaway view of DGEN 380is shownin Figure
2. DGEN 380is known for its easyoperability, it canbe startedwith the help of an electricmotor
and can be operatedwith a simple console.While running, engine parametersire monitoredon a
laptopPC andthe engineis controlledby anautomaticprogramreferringto its correctedspeed

Figure2: Cutaway view of the DGEN 380turbofanengine

2.2. Outdoor TestSetup

The outdoortesttook placeat ShikabeAirport in Hokkaido,a northernislandof JapanFigure3
showstheDGEN engineplacedontheoutdoorteststand Theenginewasfixed 2 m abovetheground
to avoiddebrissuckingandgroundvortices.In addition,an Inflow ControlDevice(ICD) wasplaced
upstreanof the engineintaketo reducethe effectof atmospheri¢urbulence The ICD wasmechan-
ically separatedrom the engineto preventvibration. During the test,acousticliner sampleswere
installedto the exhaustbypassuct.

Soundradiaedfrom the DGEN 380wasmeasuredby a 20-meterarcmicrophonearray.Quarter
inch microphonesBriel & Kjaer Type 4938or GRAS Type 40BP, weresetin 24 radiationangles
from 10to 160degrees$rom theinlet axis(Figure4). Themicrophonesverecombinedwith halfinch
preamps, Briel & Kjeer Type 2669 or GRAS Type 26AK, using adapbrs, Briel & Kjeer Type
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UAO0035, andthenattachedo microphonestandsThemicrophonesverefixed vertically downwards
to face rigid marbleplates with quarterinch spaces betweerthe microphonesandplates(Figure5).
Figure6 showsa photograpiof the DGEN 380andmicrophoresatthetestsite. Themicrophonesets
were connectedo a signalconditioningamplifier, Briel & Kjeer Type NEXUS. A 100Hz high-pass
analodfilter wasconnectedeforethe amplifier to removewind noise.Signalsweresimultaneously
recordedwith a high-speedDAQ systemNationallnstrumentdXle unit, with the samplingrate of
100kHz, andthenpostanalyzedo narrowbandand 1/3 octavebandspectra The postanalysisin-
cludedseverakindsof correction:distanceair absorptionandreflectionat the marbleplate.
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Figure4: Positionsof thefar field microphones
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Marble plate

Figure5: Photograptof the microphonestands.

DGEN 380
Rigid iron plate

Test stand
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Figure6: Photograptof the DGEN 380andmicrophones
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2.3. AcousticLiner PanelSamples

Acousticliner panelsamplesvereinstalledto theextendedoypassiuct.Six pocketsverearranged
on the circumferencef the duct,andthe sametype of samplesvereinstalledto them.

In this study,two typesof samplesvereusedin additionof arigid hardwall. Thefirst samplewas
a liner with a specialsurfacestructure( i FVAtR g a p andithe other wasa typical resonantype
liner ( & s e | .it sheuldhenotedthatwith thefi F Rvith g a fin@r the specialstructure consist-
ing of aFPFandagap wasappliedto thesurfaceoftheii b a s dimer. Figaré7 showshestructures
of thetwo samples.
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Figure7: The 3D model(left) andthe schematicrosssection(right)
ofthei F Pvithg a prd i b a s eshmpls.e 0
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Thestructureanddesignof thefi F Rvith g a fin@r samplewerebasedn the conceptproposed
in a previousstudy[7,8]. With the specialsurfacestructure the peakfrequencyof theliner, i.e., the
A b a s diher, mastlioughtto be maintainedevenundergrazingflow condition,or in otherwords,
eveninsidethe exhausbypassduct. Figure8 andTable1 showthe arrangemenanddimensionsof
the surfacestructure respectivelyFigure9 showsa photograptof the surfaceof the FPF.

Figure8: Arrangementf thefi F Rvith g a gubfacestructure.
Yellow: geometryof thefi b a s diher, nedeg@ometryof thegap.

Figure9: Photograplof the FPFsurface.

Tablel: Dimensionof thei F Rvith g a pudfacestructure.

Material Stainless
FPE PerforationRatio[%0] 30
Hole Diameterfmm] 0.17
Thicknesgmm] 0.15

Gap CrossSectionflmm mm] 11.2 12.8
Depth[mm] 2
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Fourkinds of linerswith differentresonanfrequenciesverecombinedfor eachiiba s e | linen e 0
panel.Thefour linershadthesamedimensiongexceptthe cavity depth.The cavity deptls werefixed
sothepeakof theenergydissipationof eachliner would coverthe 1 BPF(BandPasd-requencypand
2 BPFtonesof thefan noisein severakunningconditionsof the DGEN 380.In particular thepanels
aimedto reducethe fan tonesin the casewherethe low-pressurespoolwas rotatingin 80 (herein
calledtheii 8 ONMA oase)o 90 (hereincalledtheii 9 ONA Oase)% of its maximumspeedFigure
10showsthe1 and2 BPFtonesin thefi 8 ONA andfi 9 ONA oOases.

Thedepthsweredeterminedy a simpleanalysis basedon a combinationof acoustiampedance
educedn aflow ductrig andductacoustidheory[9]. Theacoustiampedancef arepresentinginer
sample(asamplewith the samedimensionsexceptthe cavity depth)waseducedrom flow ducttest,
andthen appliedto an analysiscalculatingthe acousticfield inside a simple annularduct model
representinghe exhausbypasgduct. Theanalysisprovidedan estimationof the peakfrequencie®f
the energydissipatiorwhenthe cavity depthwaschanged.

Figure1l andTable2 showrespectivelythe arrangemenanddimensionsof the four liners con-
stitutingthel b e ls i pamelbAs shown,two pairsof liners eachaimedto reducethe 1 and2 BPF
tones respectively Among eachpair, oneliner hada lower peakfrequency( A 1 B.Rdndfi 2 B-P F
L othantheother( A 1 BARdNdA 2 B-Pl B Thepeakfrequencieglifferedfrom eachothersothe
peakof the combinedenergydissipationwould broadenand coverthe BPF tonesevenwhenthey
shifteddueto increasing\L of theDGEN engine

100 100
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Figure10: Narrowbandspectraof theacoustidield at 130degfrom theinlet axis,
in the80%NL case(left) and90%NL case(right).
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1BPFRL 1BPFH 2BPFL 2BPFH
(h15mm) (h10mm) (h4mm) (h3mm)

Figurell: Arrangemenbf thefour linersconstitutingtheii b a s ephnieln e 0

Table2: Dimensionsof thefour linersconstitutingthei b a s ephneln e 0

MBPF-Lo N1 BME n2BRE fi2BMB

PerforationRatio[ %] 2.9
Hole Diametefmm] 1.7
SurfacePlateThicknesg mm] 1
Cavity CrossSectionfmm  mm] 11.2 11
Cavity Depth[mm] 15 10 4 3
Axial Length[mm] 63.8 63.4 64.8 50.6
EstimatedPeakFrequency 2360 3010 4930 5520

of EnergyDissipationHz]
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3. RESULTS AND DISCUSSION

3.1. Narrowband and 1/3 Octave Band Analysis Results

The narrowbandspectraof the acousticfield at 130 degeesfrom the inlet axisin the 80% and
90%NL casesreshownin Figurel2 TheSPLwaslargelyreducechearthel and2 BPFtoneswhen
the liner sampleswereinstalled In the 80% NL casethei F Puith g a mradii b a s eshmplese 0
bothshowedbroadbandeductiorattherangebetweer?,000to 6,000Hz. Thel BPFtonewaslargely
reduced with a reductionnear5 dB, with the i F PMith gapii s a myhilesthe reductionof the
A b a s eshmpleveaslimiting. Consideringthe resultsof previoustests[7], theseresultsseemto
indicatethat the noisereductionpeak of the liner was maintainedby thefi F BMih g a [staucture,
while thepeakwas broadene@nddepressedithoutit. Ontheotherhand thereductionof the2 BPF
tonewas limiting evenwith thefi F Bvith g a gaimple Thisis thoughtto be a problemof the peak
frequencyof thei 2 B-B Biner, sinceit turnedoutto beslightly higherthan2 BPF.Basictendencies
werethesamen the 90%NL caseresultsalthoughthenoisereductionof thefi b a s esamplanasH
furtherdepressedoth 1 and2 BPFtoneswerelargelyreducedoy thefi F Rvith g a gainmplewith
reductionsearb dB, asthetonesseemedo bewithin thenoisereductionpeaksof theliner. TheSPL
of thetwo liner samplesn the rangebetween6,000to 20,000Hz werelargerthanthatof the hard
wall. Thisis thoughtto becausedy environmentafactors sincethetestsof thefi F Rvith g a jaral
A b a s eshmplesvdre conductedon the sameday, while the hardwall testswere conductedon
another.

The 1/3 octavebandspectraof theacoustidield at 130degeesfrom theinlet axisin the80%and
90%NL casesareshownin Figure13. Theresultsof the2,500Hz and5,000Hz bandsareshownin
anenlargedview sincetheyeachincludethe 1 and2 BPFtones respectivelyThel and2 BPFtones
arelargelydecreasetly thefi F Rvith g a gaimplein bothNL caseswith nearlyor morethan3 dB
comparedo the hardwall results.Advantageoverthefi b a s esaniplecanalsobeenseenin both
BPFtonesandNL casesgexceptfor the 2 BPFtonein the 80 % NL casewherethe noisereduction
peakof thefi F Rvith g a gaimpleseemgo beuntunedwith the2 BPFtone.

3.2. Far Field Directivity

The directivity patternof the 1/3 octaveband SAL for the 2,500Hz band,5,000Hz band,and
overallfrequencyrange,in the 80% and90% casesareshownin Figure14. Theresultsindicatethat
the BPF tonesseemto havestrongdirectivities; the soundwavespropagatingn the downstream
directionis strongestaround120degreeswhile the soundwavestravelingin the upstreandirection
Is strongest around50 degreesTheliner sampleshavereducedhe SPL largelyin thesedirections,
andespeciallyin the downstreandirection(around120degrees)wherereductionof nearlyor more
than3 dB canbeobservedTheadvantag®f theii F Pvith g a painpe overthefi b a s esaniple e 0
canalsobeenseenin this figure. Thereis no apparendifferencein the OASPL betweenthe two
samplesandthe hardwall.
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(b) 90%NL case

Figure12: Narrowbandspectreof theacoustidield at 130deg from theinlet axis (left),
andtheenlargedview nearthe 1 and2 BPFtones(right), in the 80%and90%NL cases
Black: hardwall, blue:ii b a s erkd:finFeRokhg a p 0 .
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Figure13: 1/3 octavebandspectraof theacoustidield at 130deg from theinlet axis(left),
andtheenlargedview of the 2,500Hzband,5,000Hz band,andthe overall SPL (right),
in the80%and90%NL cases

Black: hardwall, blue:fi b a s erkd:finFeRokhg a p 0 .









