BRITISH| 71sas

ACOUSTICAL e

. Iransport Nolse und ¥ibration
April 57 191

THE REDUCTION OF AIRCRAFI ENOINE
FAN-COMPREBSOR NOISE UBING ACOUNTIC LININGE

R A HANGIAROTTY
Belentifia Adviars' Division = Departmsnt of Trade
and Industry, Strand, Lonmgon.

1. IHTRODUCTION

Coxunity noise In the vicinity of #irports resmuiting from jat aircralt cperations fails
broadly Into the two categories of take=off nolse and approach - landing molsa, Tha
former contains predoninently Jow freguency energy radlated from the jet &fflux, whersas
the latter comtains predominantly high frequency energy radiated froa the efigins hacelle
fnlet and sxhaust and origipates fram the fap~comprossor. Tha developmeant of a method
la discussod whiah 15 directed in particular at the reduction of approach = landing
nolss by mguna of troating the angine nacells inlet and fon exhaust duct with acoustis
linings. The treatment also reduces take—off Dolss to sone srtent 4 4 rasult of
atteruating the high lavsl conponsnts of far—compressor molss,

2. HETHOD OF gTODY

The atudy wes commenced by investigating the maxhmm potential redustion of engine nolas
thet could ba achieved with a given airareft configurstion by determining the relative
axplitudes of the gpectral components of the yarjous scurces of engine nolsa frem fly=
over tasts and honoe tholr regpective contributiona to the Precsived noiss lsvel {PHL),
For an afreraft In the deaign stage, thegs are ostimated from predieced speotre of the
various pources of ongine noise. Potential methods for attemuating tihw various poise
sources (e.g. sonio inlet, cust linings, ekc) were theo evaluated Lo determios the most
effactive method of consistent with a minioum losg of engine performante, The devices
were gvaluated theoretically end by limited lsborsiory modol tests. Tha use of
acoustical 1inings sn the walla af the engine nagslls inlet and sxhaust wae judged to be
the most practical concept oI an axisting engine uod theorerical lining consepla wers
avaluated by laboretory tasts, In & full scale engloe nacelle amd finzlly by meana of
fight tesca,

3s  AIRCRAFT GUBJECTIVE NOISE BPECTRA

When an afroraft in flight approachas an observar on the ground, flles by and recedes,

the obssrver perceives o succession of boiges which are anitted by predaninancly

different spurces on the aircraft altheugh ot any inctant of vime during the flight whe

obzerver is sxpossd t0 DOige corponents from moat of the sources but with one or two

of these belng the principal contributors, Priar to the slreraft reaching the observer

the major compobent of the moiss {g the highly directional high frequency fan whine

exenating from the englne Necelle intake, as the afrcreft spproaches clozer to the

absArver a4 similer nofse 18 heard from the €ap duct oXit and finally a5 the alrcredt

reaches the overhead positison end recedes the predonirant noise shich fs lower in [,
frequency originetes frm the primory and the sscondary Jet affluxes. The perceived :
nolge levels for each pesition along the [light pach are calculated howsver froo the

whole mGiss spectrum received at & particuler ingtant, The canponsst FEL curves from

sach sourcs indicate the potential amouat by which the o/zponent NOIgs AGUTCEs CAD be
attenuated, and fropm this the maximm attermatlon of peak PRL can be ostablished, Holss
reductlon 12 achieved by atitenuating physjcal sou i consequantly frequency spectrw are

reguired for degermining tha frequelay opofento amd the broad band frequency nolae

thet mtat be attanusted to achieve & terget, These spectra are obteined from existing

untreated sircruft data, or from predioted speotra fOr projected alreraft,



L, HOIBE REDUCTION METROOS

The reduction of fan-compressor noisa can be achiaved to sume éxtent by baslec
mod1flcations to an emgine alther cduring the design stegs or in spme instances by

modif lcation of sxisting enginea. This cah be done for example by Incresplng the rotar-
stator gepazation betwean fan stages, dispensing with inlet or exit gulde vanes,
restoring the wake veloclty profile behind rotors and steters by air blowing teehnlquess
varying the number of rotor blade-stator vans combinatlons, and varlations or
comblnations of guch devices, The most effective although usually ecmpliceted methed
developed for reducing inlet nolge is the sonie chroat references 2 and 3, which
consists of an inflatable or movable centrebody or a flexible walled intaka by means of
which the velocity of air flow Into the inlet Ip Increased so thet the transnlssien ef
acouptic energy vut of the jnlet ia substantlally reduced. The use of scoustic
absorbing linings has besn found in practice to require the least amcunt of modificaclon
to an exlating englne insta)lation and can provide substantial nolse attemustion in
parts of an engine where other devices are difficult or imprectical to install. The
nacelle Intoke and Can exheust duck of existifg engifas sre most emenable o this type
of treatment op the InfNer and outer walls, concentric rings and splicters and gther
duet surtacss, hence the lining mechod was seleckzd for this study.

5.  ACOUSTIC LINING TECHNOLOGY

Tha basic types of 1ining that ere suitable for acocustically treating sngine ducts
referances 4 and 5 can be clasaifled broadly as the absorber type, the resonator Lypa
and @ canbinetion of both these charecteristics. Absorber linings conslst of a thick
iayer of porous material, most suitable to attemuate a broad band of noiza. Resenant
{or reactive) 1inings conslat of & thin sheet of perforated facing materlal ssparated
from an impervious surface by a cavity divided Jnto cawpartmenta by @ honeycsmb spacer
structure, shich foros an arrey of resonators. These effectively attemiate &
predeminantly narrow frequancy band of nofgs cantred on & dlscrete frequency. Leatly e
1ining combining whe featurea of both of thoge types consisting of @ thin parous
ahsorptive facing neteriel backed by resonant cavitles has good attenuation
characterlatica over 4 wide range of discrets [requancy components together with &
substantial atteouation of broad band molse. The most important scoustic and geametric
characteristics of duct linings wars devermined by combining the rwsults of &
theoretical study with an sxperimental result from which & duct 1ining design tschnology
wos developed, The two most lmportant factors were found Co be the aeparation betwesn
1ined surfaces and a sufffolent langth of trestoent to obkain the desired nolse
attemation, Whern thagn Lo roquirentnts can be satisfied together with efficlent
engins operation lininga provide the oost practical approach avellable to the
atteruation of engine nolse, To determine the principal 1ining and duct characteristles
influsncing the atteruation of sound a theoretical model was developed as monariged
below and described in datail in reference k.

@ Development of an squation to deseribe &l acoustic modes that are generated in
@ duct of given goometris cross=section, sssuming that all capponents of
propagating wavea have equal amplitude amd occur at all angles of ibcidence
to tha duct walls.

b. Sclution of the sguations to determine the attemuation of thase modes by
soguning a range of values of mcoustie admittence at the linsd wall boundaries.

c. Camputation of the attermation at a givan freguency which is & cimponent of
the input hoise speotim of the wave by determinlng the Influence of a lining
on the sasoclated modes axeited by the wave coumponenta,

d, Parametric svaluatlon of the oaximm attemusclon over the frequency range of
{nterest mode for a renge of acoustic and geometrie datails of typical linimas.

8ignifloant theoretical paremsters wers verifled orperizentally using & flow cuct
facility, which aiulstes the flow conditions in an engina dust suvironment. The flow
dust faoility consisted of Two aceustically reverberent chambers separated by & test duct
whoge Walls are trestad with the acoustis linings to be evalveted, A nolss source and
an alr spply 18 provided in ons of tha chambers so that the 1inings In the duct are
exposed T0 & toise and alr flow enviromment similating an enging duet., The facllity 1a
used to determine (e} verification of theoretically predicted malse atteruation specinm,
the Influsnce of the duct end lining geematry, and the theoretical asmmptlons made in
the atudy (b) search for accustic, serodynanic and ajr (low phencmena not included In the
theoretical snalysis [c) compiling of paramstric design data suah &4 Influence of lining




e

length, depth, surface area, stc. (d) evoluatjon and development of potential lining
paterials In conjunction with use of sf acoostic impedance tube and poreus matarial [low
reaistance tube apparstus. The combined regults from the theoretlcal analysis and
aparimental work lead to the most Important deslgn parameters, which wers then further
evaluated im a full acale englne.

6, ENGINE NACELLE TECHNOLOGY

Tho final stage in developing the }ining teclnology was to evaluate thalr acoustic
eftiolency in 8 full geale engina. The lining technology mas thus developed from
theoretlcal modela, laboratory experiments and tha full scale engine Lesta. Reforence 4
the influence of acoustle lininga on the engine performance wes investlgatad
simultenecusly by meens of duct wall dvag losa tests 1a the flow duct facility and In
the sngine ducts. The actual nhlae reducticn resulting from acoustically treating &
nacelle 15 determined from the full seale far field nolse surveys eround the engine In
the presance of other nolss sources such as aerodyrumic flow nolse generated in the
engina \ntake and exhsust duct and the primary and secondary jJet molige, The resulta of
these tests and their correlation with the laboratory flow duct work lesd Lo an engine
nacelle technology.

7« FLIGHT TESTIMNG

The final evaluation was acsonplished hy flight testing an aireraft with treated
nacelles to verlfy the nolge redustion achieved in an opsrational enviromment. Flight
testa were conducted for the principal conditions of operation, but in particular for
the capes of take—off, flyover and approach=landing.

8. CONCLUDING REMARKR

The application of acoustic 1ininga for reducing ajrcraft fan-compressor nolas has been

rully ated with o P & WA JT3D engine, resulting in & redustion ¢f in
exeess of 15 EPNAB approach=lending noise with no measurable 1oss In éngine perforoance.
The pribcipal characteriscics of the 1lining technology developed are appllesble to other
engine molse problems much as reduction of turbine nolse. There are howaver saveral
1imitations In the use of linings for redusing turbo-fan engine nelse, which arv {(a} tha
limitagion by other unattemuated nolse sources such as Jet nolse and aercdynanic back=
growx nolse, [b) asrodynenic nolse generaled at high Hach mumbera Inside the ducta can
be 8 limiting nolse floor, (&) I tha portion of the nolse speectrum attenuated by 1inings
18 not the predopinant contributer to the perceived nolse level the effectivaneas of the
1ining will be ecorrespondingly decreased. The theoretical and experimental work ob
acoustic 1inings covered In this study mas sufflelent to develop a lining technolagy
that wag succegsfully used, nevertheless, several areas Ln this field require further
work. In particular a batter urderstanding is needed of the mechanisma of lining
absorption and the Interactlon of thess mechanisns with the alpy flow over the surface of
the lined malls perticularly in the high Mach murber rengg® 0,5, 5o that tha parimm
attemuatlon may be nt.t.a:neq with a alnimum amount of treatment. The behaviour of linings
subjected to high level fluctuating pressures alse needs further lovestigation aimed at
providiag optiswm sbsorption by linings c£losg Lo rotating mAchInory BOURd OUTCAds 848.
near the bleds tips of fan and compreaser rotors.
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