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The new regulations constraints require light aircrafi noise reduction due to weaker sound pressure level
limitations. Light aircraft manufacturer SO.C.A.T.A. has choosen a collaboration wltlt Acoustic
Laboratory of CERTIONERA to carry out a research into its propeller airplanes equipped with piston
engine. Noise level limitations depend on the noise standard and the country. Four general regulations are
applied for this aircralt categotz : OACl Annex 16 clip. 6 and FAR PART 36 Appendix F which involve
flyover aircrafl procedure; A l Annex to clip. 10 and FAR PART 36 Appendix G with take-offaicrafi
configuration. Each regulation gives sound pressure level limitations according to airplane mass. But
limitations are generally modified by each country and lead to sound pressure level decreasing up to 8
dB(A), Consequently aircran noise reduction is necessary because environmental protection emphaslm
this tendency.
The first partof investigations is the identification of sound mechanisms granulated by the studied aircrait.
For this purpose. a static experiment is pertomed in order [0 separate and classify the main sources. Due
to environmental conditions. the most appropriate method is the determination of sound power by sound
intensity measurement. As a complement to these results. an analysis of flyover noise measurement is
achieved based on OACi chp. 6 noise teguladon
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Propeller and engine exhaust are the main sound sources ofa light aircraft [1]. Discrete frequency noise in
accordance with propeller shaft rotation speed is generated A third source exists : it is a broadband noise
produced by slipstream and its interaction with airframe [2]. However general light airu'att studies [1] [3]
show that the mostimponarlt source is the propeller.
An empirical mahod has been developed by Harnllton Standard Division [4]. Few propella characta'istics
are required to estimate harmonics sound pressure levels which are in good agreement with standard
levels. This method confirms the influence ofpropeller parameters. but does not give information on
sound generation mechanism

W
The acoustic field of a propeller is expressed analytically through nghthill's acoustic theory [5]. The
sources of sound are represented by monopole. dipole and quadripole (insignificant for wbsonlc tip Mach
numbas) sources. Lighthill's propagation equation ls solved into integral form. Goldsteln's formulation

takes Sin-faces motion into account [6]. The sound pressure p(x.t) unitied by a point source 0.1) at an
observe point (x.t) ls given by (l) :
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where 60,: I x,t) is the Green function. S the Stu-face in motion (the blades in our case), ii are the
loads exerted by the surface S on the fluid and V,. is the normal velocity of the surface S.
Analytical solutiom [7] may be written in time domain or by Fourier transfomt in frequency domain. This
last one is the most adapted tool for parametric investigations. T\vo nearby solutions and parametric
studies [1] [8] exist in the case ofpropelier.
Gounet‘s solution [l] uses a reference in motion on the aircraft and no chordwise source distribution
xhilebflanson‘s formulation [8] is developed with bothfixed reference and chordwise non compactness

stri ution.
Aeroacoustic wirtdtunnel and tnflight meattretnents studies also exist [9]. The reduction ofpropeller noise
involves increasing numba' of blades. decreasing diameter and rotation spmd, and moreover appropriate
spanwise loading distribution and geometry.
For noise source investigations in order to reduce their sound levels. it seems important to classify and
separate each some by measurement
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Wants
Some inflight and flyover pressure measurements have been already achieved [3] [10]. A sound pressure
spectrum doesn't allow to obtain the characteristics of each sound source. it is not the case of sound
intensity measurement which provides the sound power radiated by each source.
As the detemrination of sound powo' by intlight sound intensity measuemcnts would lead to expa’imental
dlfilculties. static aircraft operating set-up is choosen. This experimental procedure avoids atmospheric
absorption which exists {or flyover case. and besides excludes any influence from other sources.
Sound generation mechanisms are difi‘erent for flight and static procedure : Dopfléz effect acts on wave
propagation. flight speed effect influences propella loads and its distribution. tly for aircrafl static
operating, ground vortex intake leads to the appearance of some unsteady loads. As long as the
differences are well known, sound power determination by ru‘n-up tests remains a good approach to
separate aircrafi sources of sound.

W
W: in our case. the principle relies on the integraan of sound intensity on a surface which
encloses the source. it is based on Gauss theorem and all outside sources are not taken into account when
thereis rto absorption In the detlned volume (Fig. I) [11].
The measurement consists in discretizing the whole surface into N elementary stn'faces S}. In the pin-pose
to calculate ovtrall sound powa by the following formulation (2) z

N
w: 2 t,“- Si
N (2)

where 1,“ Is the normal intensity of the element 5;. _
‘ ' : Sound intensity is defined as the energy flow per elemental area This

vector is expressed by the product of sound pressure by acoustic velocity (3) :
Into = pun-nu) (3,

Using acousuc and signal processing properties. the mean sound intensity can be approached by (4):
' in Gnun)

rum) 5 .—

P m 4' (4)
where lmGAnaul is tie Imaginary part ofthe pressurecross spectrum between two microphones A and B.
p is the air density, a) = 21:! is the pulsation. Arts the distance between the two microphones
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This formulation induces some frequency limitations : for low frequencies due to phase between
microphones and for high frequencies due to finite diflu'ence approximation of pressure gradient

 

To obtain the sound p0wcr of each source. three measurement volumes should be defined each enclosing
the propeller. the exhaust and the engine. Due to both the proximity of sources and the propeller
slipstream. a single volume enclosing all these elements has to be choosen. Thus, three aircraft
configurations areseleaedinordertnseparateeachsource:

- Standard airplane
- Standard with sound covering engine cowllng
- Same as above with exhaust radiation removed of the measurement volume (on the following
assumed as exhaust ofl).

W

- engine : 4 cylinders P = M9 KWJ‘he sound covering of engine cowling is achieved
according to space, temperature and acoustic constraints.
- emu; : collector + short pipe, (3 = 75.]0'3 m.The exhaust ls extended with a pipe
insulated acoustically in order to reject from the volume the exhaust radiation
- mneuer : 3 triads. t?) = 1.78 m, corntant speed (low pitch).

W
The choice of the volume and the number of elementary surfaces must deal with source sire and distance
from source. The volume consists in five measurement faces and a reflective one (Fig. 2). The total
number of measurement points is 124 and St a 0.25 m“. The assumptions are :

- me tar groundis hilly reflective.
- the mesh is adequate to obtain constant normal intensity from each elementary surface
- backside the popqu plane. the pruenee of slipstream Involve the disuetizaticn with only few
points (outside flow) and wider elementary stn'face than other faces. The sound intensity
mesurement is difficult in non uniform and turbulent flow [ll].

' ’ : The noise radiated from the propeller depends on rotation weed. loads and geometry.
The opaating point must he kept constant dining measurement of each confi tion. The speed rotation
is checked with a stroboscope and confirmed from spectrum analysis. Shaggwer is given from both
manifold pressure and speedrotation. The manifoldpresstue is regulated according to the temperature. In
the Table 1. experimental set-ups are given with difl‘erent aircrait configurations and operating points.
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W:Sound intensity measurement is carried out with amix intensity probe 3519. It
is equipped with two B&K 1/2“ microphones Type 4134. 5.10—2 m spacer. The frequency validity
domain is 31.5 Hz - 1,25 kHz due to frequency limitations mentioned above [11]. Anniym 3&K Type
2032 is used for spectra analysis. Some preliminary measurements provide averaging record duration
according to stationarin of acoustic field and confirm the stability of counting point. Acquisitions and
sound power calculations areexecuted by Star Acoustic software

DLEESLDJS

The sound power spectrum (Fig. 3) comists in some high level discrete frequencies (Table 2) with
wgmlemmmmmmsmmwcywmuonmwmm
from exhnus and propeller noise generation. 'l'herutntion frequency Is to = Nloo where N is the rotation
speedexFesedinRPM.sotlnttheeathnuahn-monic frequencies mano nndthoseofthepmpeilaure
Brnto, where n and In are integers and B is the number of blades (3 in our case). Other discrete
fiequendeslnlccmdanoewimmntoalegemedbyendneradintion ‘
“tennisarescaledwimnrbiunryunitsflDJhesumofthesoundpowaleveisoftheflrstutree
harmonics is 1010 for the propeller and 95U for the eximusL in comparison with overall sound power
level 103U. propeller noise appears to be the pedominnnt one, in agreement with the bibliography.
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Test 3 aiaait configuration is achieved to confirm the origin of each discrete frequency. The propellerharmonics appear clearly (Fig. 4) and their levds (Table 3) can be compared with previous ones (Table 2}The exhaust noise has been actually rejected : -lsU for its fundamental and -lOU for its fourth harmonics.in the same way, engine discrete frequencits and broadband noise have significantly decreased.This configuration allows the detarnination of propeilu sound pcwa’ : the sum of propeller hannonlclevels is the same as overall sound power one.
Another interest of this configuration is the origin of coupled harmonics. The most part of their energycomes from propella' source due to no level diffaence between the two tests (Table 2 and Table 3).

mama-unmar-
mummmm
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lower operating point test (n°4) shows. in one hand. decreasing of harmonic frequencies and. on theother hand the same Importance for the two sources. Due to lower rotation speed. the figure of soundpowa’ spectrum moves through low frequencies. The difference of levels between propeller and exhaustfundamentals gOes from +5U (Table 2) to +2U (Table 4). Tip Mach number and shaft powu areinfluential parameters of propella sound generation [i], so that the propeller noise decreases faster thanthe exhaust one when rotation speed and shaft powa are decreasing.

 

The application of pondaation A (greater for low frequencies) produces (lot this configuration) andemphasizes (for high operating point) the difference between the two sound sum-es.

W
Each configuration verifies field indicators provided by provisional standard NFSBl-ioo [13]. Forexhaus oarconflgmdon. external source influences the measurement. Analysis ofexhaust radiation closeto back faae explains the appearance of negative sound paws level for few discrete frequendes. Anothertest with exhaust radiation removed fat-lira should bepa'formed to ltrtpove the results.
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To complement the run-up tests, some flyover measurements are carried out. On one hand flight noise
generation effect can be taken into account and on the otha hand, the correlation with regulation prowdure
Is necessary to confirm the sources classification

' - : it Is the same as OACl Annexe lo Chp. 6 [121.1'he airplane files at an altitude of
300 m. The microphone ls located at 1.2 m above ground. The aircraft performs several flights with
different operating points. Recorded signals are analyzed with frequency analyzer B&K Type 2032. The
presented operating point Is 2700 RPM and 144 kW shaft power. in comparison with static operating
po nL
Baum: For regulation purposes. the sound pressure spectrum which gives the maximum overall level
expressed in dB(A) must be kept. But in order to compare with static measurements. presented spectrum
(Fig. 5) eorresponrh to the aircraft location just above the microphone. in this case. the rotation speed is
2700 RPM so that to = 45 Hz. the propeller fundamental is 135 Hz and the exhaust one is 90 Hz. In the
followin table (Table 5) the sound pressure levels of exhaust and propeller harmonics are presented in U
and U(A (Fig. 6).
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it deals with the shape of the spectrum and the influence of each source.
but. not directly with the level due to different quantities (sound power level and sound pressure level). A
difference of level between high order harmonics of propeller appears. For static configuration. the
presence of botlt steady and unsteady loads provides two slope of harmonic decreasing (on both sides of
the fourth harmonic) (Fig. 2) while for flyover measurement the first three harmonics only exist due to
steady loads.
"the sound sources classification ls preserved and analysis of lower operating point flyover spectrum
conflnns the evolution of sound sources with airplane opaating point.

W

In the pin-pose of qualifying the noise sourm of light aircrafi. an experimental set-up is perforated
through the sound powermeasurement of run-up operating aircrafl. As in bibliography results. most part
of energy is provided by both propeller and exhaust radiation. The results of the different airplane
configurations lead to consida that this one with both sound covering of engine cowling and exhaust off
allows to eliminate a large pan of engine-exhaust contribution and to put in a prominem position the most
imponant source. namely the propeller. The environment of the musurement remains complex due to non
precise discretization of back face and other sources which are still [zesent in the volume. But comparative
studies will be able to achieve with this configuration whereas flyover or Infiight memuretneuts underlie
too many parameters. For investigations of noise sources. flyover measurements confirm the
predominance of the propeller for results expressed in U and in U(A). A parametric study of propeller
noise generation has already been undertaken Hanson's formulation allows. on one band. to realize both
static and intlight comparisons due to fixed reference and. on the other hand. to take both the geometry
and the aerodynamics of the propane into account. In addition investigations of propeller wodynamic
performances are also realized because any modification of Fupella design meets the pafonnances and
must be checked In the future. an exhaust noise study will be performed to analyze this second main
souroeandtoreachadeaeased aimfl Overall noiselevel.
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