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Abstract

In the context of understanding and predicting @inle sound transmission through
aircraft structures typically a diffuse sound fielicitation is used. Numerous studies
on the vibroacoustic behaviour of aeronauticalcstnes under a diffuse sound field
excitation or a turbulent boundary layer have badaplished but have been limited to
a frequency range not including or going above dtractural critical frequency..f
For some structural components of the cockpit thigcal frequencies are around
2000 Hz, means the sound transmission characteaisind above critical frequency
can have an impact on the overall sound qualithefcockpit.

In this paper we therefore focus on the vibroagoussponse of a rectangular plate,
using the two types of excitations, up ta.3A study is made, using a modal
expansion to describe the vibrations of the plate.

The diffuse field excitation is obtained througte tetandard summation of plane
waves, and the turbulent boundary layer excitatiobased on Corcos’ model with
Davies’ approximation. The focus is on the physioakchanisms producing vibration
leading to noise radiation. One can see that tkertion loss obtained with diffuse
field excitation is different to the insertion losbtained with a turbulent boundary
layer excitation, even if the insertion loss custapes are quite similar particularly at
and above the critical frequengy Another important result is that the plate stk
damping transmission loss sensitivity varies frome case to the other belowhut
remains the same above it. One can conclude thap uke real excitation is
compulsory to make precise assessment of intenomendue to turbulent boundary
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layer excitation below f Consequently the identified dependency on a sii@gl
case has to be verified on more complex strucamego be compared against tests.

INTRODUCTION

Several authors studied the vibroacoustic behawbylates under a diffuse sound
field excitation and more recently GRAHAM [1], MAUR& al [2] used a wave-
number approach and a turbulent boundary layertagiam. At low frequency, the
main physical mechanisms involved in the acousaagmission through the plate
were studied. The wave number approach was apjaliadimited frequency range.
Through calculation below and above the criticalgfrency §, this paper compares
the vibroacoustic behaviour of a plate excitedratitely with a diffuse field and a
turbulent boundary layer. The main objectives aoe compare the physical
phenomena governing sound transmission in ordedet@rmine how valid are
reverberant room experiments for acoustic aircesign.

THEORETICAL MODEL

Model description

In this study we consider a thin rectangular platdength b and width a simply
supported along its edges. For the plate motiondipg, membrane and transverse
shear stresses are considered. Pressurizationtsefa® not accounted for.
Consequently there are no in-plane tensions.

The plate is set in a rigid baffle and is surrouhdy two semi-infinite light fluid
media. The plate is assumed to be weakly couplgtgsurrounding media, which
means that its motion is not affected by the pnessgenerated by its vibrations.

Two excitation fields will be considered: a diffuseund field and a turbulent
boundary layer fully developed when exciting that@l The classical Corcos model
[4] will be used for the latter. We assume that wedl-pressure fluctuations are not
modified by the plate radiation for both cases,clhineans that these fluctuations
will be those observed on a rigid wall (blockedgstge).

We will first assess the sound power radiated @nréception medium due to the
excitation field in the incident fluid, and thenfide a vibroacoustic indicator for
analysis and comparison.

Acoustic radiated power calculation

Plate modal expansion

The radiated acoustic power is first studied. Theng y axis are located along the
edges of the plate, and the z axis is normal tpkhaie. The classical modal expansion
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is applied to calculate the displacement w(x,yhglthe z axis. The response is given
by equation (1) where wi(x,y) is the modal shape of the eigen-mode (m,n§l a

ann(w) the modal amplitudea,,,(w corresponds to the ratio ¢f,,(w the modal
force and Zn(w) the modal impedance.

an (w)

Zon () M)

W(X,y,0) = Zzamn ((*))Wmn (xy), 8 () =

In far field, the radiated pow&r™is driven by equation (2) wheré®%,, is the modal
impedance of radiation given by WALLACE [3] and,Nthe eigen-mode squared
norm. As it is generally accepted, the cross-tedms to the acoustic coupling are
neglected in this case of light fluid. As in ouseaNn,= S/4, one obtains equation (3)
for radiated sound power.

I—Irad — 1/2032 Zmn Nmn Zradmn(w) |ann(w)|2 @

N2 = 15 S/4 of P Zradmn((p) |Zmn((-0)|-2 |an(00)|2 (3)

One can see th&t™is directly linked to the squared modal forcg{B)F, given by
equation (4), $(X,y,w) being the power cross-spectrum densityhefgressure on the
plate surface. The radiated power is thus deperafahe excitation field through the
modal force.
2 * *
|an| =Fmn Fmn = éspp(xdhﬂ)) Wmn(X,y) Wmn(x,y) dxdy 4)

Modal force calculation — Diffuse sound field exeition

The diffuse field is defined as a sum of indepengksne waves coming from all the

directions of the half space with the same enefgys formulation is not presented

here and one refers to the general courses.

The overall modal force for all the plane wave®liained through an integration,

cf. equation (5), each modal force fd,4¢() incidence being given by equation (6).
Note that Spp(w) is the power spectral densityhef pressure on the plate surface,
identical for each plane wave.

Fol” = [ [[Finn (6.9) " sinededg (5)
0¢
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*

-i®sinBcospx -2 sinBsingy [-J‘Qsineco&bXJ [-J’Qsinesimbyj
ec e ° e ° dxdy (6)

Fan(8,0)]° = [ [ Spp(w)e
Xy

Modal force calculation — Turbulent boundary layeaxcitation

One considers that the flow direction is paraltetiie x axis. Using the CORCOS's
model [4] and the approximations of DAVIES [5], tbess-spectrum density of wall

pressure is given by equation (7).

S, (%, 6) = Sy (WA %Js(ﬂje_iuc 7)

UC
J and B[w—yj:exp(—i ] (8)
U, o,

Using equations (8) and (4) one obtains the maatakfgiven in equation (9) where
kKn and k, are the wave numbers of the plate =" and K. :%. Although this
a

oy
UC

X

where A [S—XJ:exp -1

c o |VYe

expression is rough at low frequency, it is oftsedibecause only four experimental
data are needed: the convection spegdtté sound power spectral densiyy(&),
the two constants; andas,.

2
Fon| (@) =
ab Sy (w) 1 1 1
a ppz 10(2U5 2 2+ 2
oo 1+[ %2 ) 1ra2(1-k, o] 1+a2[1ek, D0
® n 1 m ® 1 m ®

9)

I nsertion loss definitions

For a diffuse sound field excitation, the classicaertion loss is the Transmission
Loss TL defined by equation (10§)" being the incident acoustic powdn™
corresponds to the power in the reverberant ro@mafvay from the plate surface.
According to Sabine’s theor]" depends on F&IP&/HZ), the power spectral density
of the acoustic pressure, ¢ the sound celerity)(pggkg/nT) the fluid density, S the
plate surface (A).
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inc ) S
TL (dB) =10l L ith N =—"-g 10
(dB) =10log,, ad | W " Io.c (10)

For a turbulent boundary layer, there is no incidecoustic pressure in far field.
Nevertheless, to compare both excitation fields, deine an equivalent incident
power "% which will be the one of a diffuse sound fieldvimay a sound power
spectral density equal tg,,Son the plate surface. This way, the equivalentdiei
intensity is given by Id =& (4po €) = %2 Sp/ (4 po C), the equivalent incident power
and insertion loss by equations (11) and (12).

nnedet= g, /8poc * S (11)

TLequ = -10 Log(T1™?/ nincideay (12)

Characteristic frequencies

We define two characteristic frequencies, whicH & useful to analyze the results:
- the aerodynamic coincidence frequengywhen the velocity of the flexural
waves is identical to the convection velocity(By, is maximum)
1 ., [M
=—Ug,|—>
“ o2n °\D
- the critical frequency .f where the radiation efficiency of the plate is

, 1 ,[m
maximumf_ =—c°,|—.
21 D

Note that M is the surface density of the platétsibending stiffness.

f

EXCITATION EFFECT

Calculation was made for a plate made of duraludharacterized by its Young’'s
modulus E, Poisson ratioand mass densify. The plate length is equal to 1 m (flow
direction in case of turbulent boundary layer extain), its width is equal to 0.8 m,
with a thickness of h.

For the diffuse sound field, we consider standardlearacterized by its mass density
po and a speed of sound c. The turbulent boundary lsyeharacterized by the
convection velocity is Yand the constants; and a,. For both cases the modal
expansions are made with 138 x 112 modes.

First we consider for the plate a structural dampioss factor ofnl for both
excitations. The results are shown on figure 1. Theracteristic frequencies, when
the excitation is maximum {£1200 Hz), and when the radiation is maximum
(fe=6000 Hz) are also indicated.
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Figure 1 :Influence of the excitation on the IngantLoss (dB) versus frequency
(Blue curve) Diffuse field (Red curve) Turbuleatubdary layer

The plate insertion loss under diffuse sound fietditation is very classical: it is
driven by mass (non-resonant structural modes) inackases with a 6 dB/octave
slope below § (mass law), then presents a deep gap @&nél increases with a
9 dB/octave slope above it. Comparing these redoltthe ones under turbulent
boundary layer excitation, the main results areoliewing:
- the insertion loss under turbulent boundary lapagitation is far higher to the
one under diffuse sound field excitation, the dipancy is up to 25 dB;
- below 0.5¢, and because.fis lower than § the curves shapes are different
due to the minimum atffor the turbulent boundary layer excitation;
- above 0.5f the two curves have the same shape and a corstdhtof
approximately 25 dB is observed.
The first result is similar to the one obtained bsuvly [1], and is due to the fact
that the injected power with the turbulent boundager is very small compared
to the injected power by a diffuse field. The twdent results are rather new,
Maury’s study [2] was limited to low-frequency aysik.

STRUCTURAL DAMPING LOSSFACTOR EFFECT

To better understand sound transmission mechanismajade calculation for three

different damping loss factorg;, n,=n1/10 andns=n;*5. The results are shown on
figures 2 and 3.
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Figure 2: Influence of the structural damping ldastor — Diffuse sound field
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Figure 3: Influence of the structural damping Idastor — Turbulent boundary layer
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The main conclusions are:
- below §:

o under diffuse sound field excitation, the struatwtamping loss factor
has a poor effect on the insertion loss, becawsadhnd transmission
is driven by modes of low orders, non-resonant, dtcdngly excited
by the acoustic waves having the same wave number;

o under turbulent boundary layer excitation, the trtal damping loss
factor has an important effect at and abaygifidicating that sound
transmission is mainly driven by resonant modes;

- above § the structural damping loss factor has the saffextefor both
excitations, indicating phenomena are similar: nes modes are dominant in
both cases.

CONCLUSIONS

The insertion loss of a plate excited with a diffiseeind field was compared to an
equivalent insertion loss when a turbulent boundayer was used for excitation.
The insertion loss curve shapes are quite similercpdarly at and above the critical
frequency § whilst a constant shift (approximately 25 dB) vedserved. This shift is
due to a low value of the injected power by a tlebuboundary layer compared to
the injected power by a diffuse sound field witte ttame sound power spectral
density $p. At low frequency the transmission mechanismsedifBelow §, a diffuse
field excites mainly the non-resonant modes withgdawave number, when a
turbulent boundary layer excites plate resonanteao@onsequently, with a turbulent
boundary layer excitation the plate structural dexgpseems efficient to increase the
insertion loss below .f contrary to the observations made under diffusdd fi
excitation. One can conclude that using the realtatxon is compulsory to make
precise assessment of interior noise due to tunblleundary layer excitation below
fc. Nevertheless this result should be confirmeddsystand studies on more realistic
configurations.
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