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SUMMARY

mmmmmwtmmrormlmmcmmmm mandamus
mummfimmrmmfionmmhuymdmmmmfl:
nmmmwmmmdmmmmmmmmm
Amflmflmmmmgineamgmhumcchddingdhfldinymflmbefwm
Mchmemmwfmemmimbimydmdbchmmfim
onesidcofnmnofa)mmmlheolher. Thisisnddmdusingahybfldmmfliwlmchniqmebasedm
finile'eicmusmmue) andbuundaryelemzm(fluid)fnnnnhlions. .
Pmimlaraflenliunisgivmwmehandlmgofspedficbumdarywmfifionsworopumgmdifimsuchas
mmeamaedinmwwedutsandwmldngenvimnmmts: nombly.inmflafinninaninfinituigidhaflie,and
also sxcilafionbya difl‘use at random amustic field
Numeximlmplsshawvflifimfious uflhcappmach chhismesenud.

1. INTRODUCTION

Thequeaionofwho—acwsficmspamncyappealsinawidemngaofpmblm Bumpiesincludethe
mmisionafnoiseihmughaardoorordnuble—glazedwindow,andthcacw§icenflgyappiindmamanila
insidethefiilingofnlamhvehicln. Anexpefimcnmlanalysisanbepufomedbypladngamimothe
pamfionv‘vaflbetweenamrheramchambu,whenadifiuisefieldisgsnaamwanamchoicdnmber. 11w
kammwmwmdwmismmimmmmmmmommmm
011m.Hmu,wdlaqmimmlflu15mqfltcu¢ensivgmfmifismmandhmdawmmm
Wmmmmmmmrmmgmmmummmndmm
pmwediuivemahodsmmuacfive.

mmmsmmmwfiwwcmmampedompmdicfiwmmmmmmgmmm
moddling mmkmonaumwmmemhmdafimwmflmmmmfl
Msbingumsideihcplaneoflhebamemsweflasm-flamwilhil. Numefimimllsmmmmmm
mmmmmmwwmmwrmwmmwm. Somcspecialanzminnis
givenmflzehandlingofdifl‘nsefieldacuusficexcimfionmwthepmdicflonofmmnmndwm.

2. THEORETICAL BASIS

2.1 Ductiptinn of the problem

Aminsmwuucliesinan infinite Immugeneous fluiddnmaianhich isdivichdinmtwomxtsv.andv.byan
infiniieplanebaflleP. Bydzfinitionmis planeisaplanc whncthsawusiic normal velocityisequal Iozem. i:
ilisaninfiniierigidplane. Them-scan“: hisidnoromddcthisbafiiephnem, ilneednmbem—plamr
with Illsbaflle) and Lhasuumunmay also have holes through it.
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2.2 Numerical problem «Mun!

Findfllenmslicpxmxepw Lhatsalisficslhel-lclmlwltz equaliun: (A +k‘)p(x)= 0 V: e V

with: Sommmd condition It infinily: '7’“) + ikpg) = oé). y _, w

 

fir

whaerisamitablemdialdimme.
mmmdaqwndifimmbewcscmdasaparfiuflmwofngcnmfiudmsfnmhflm:

5|)
300 =[aum "11(X)][P(X))+[-iflmVn(X)) V(x.y)s$,
L’fim anlx) unm My) -|paV..(yl
an

(wheyinthaimemlspondingloxunlhemhersideofs).

Particular ass of this relation an: velocity BC's (matrix ou=0) or local admittance BC's

(a.,(x) = a,‘(x) = 0 ):

Faralamwnveloa'ty. 2?: _ipmvn(x) Vx esV

Famkmwnadmimme: §%l=a(x)p(x)_|pwvn(x) VXES.

Wbewkislhawlvmmber (k=mIC) mislhecimilarfiequcnq,cislhevelocityofsonndandpisthevolnmic

massofthcflnid.

Openingsinlhemplmmdcfincdbymnfolluwingoonfinnity conditions:

P(x)=P(Y) V(x.y)eT

6in) = Z'jm v(x.y)e T
andfinally, the BC'sonLhcbaflle itselfare:

gull“ = 0 V" EP- \(SV T) wilhflie numfionofdieflgumbeluw:

Foo /T
V+

T

Poo

The physiwl pmpenies of the materials along 5 (1': specific adminance u/(—lk) and Innsfet admittance matrix an.

andlhepxesaihedawusficwlocily vnmassnmedmbc regular enough, sothal Lhasafislsnsolufionwtlw

fomflamd Mm. ln panimlar, physical oonsidemfions of reciprocity lead In the cumin! mm = «2‘ along

5,. Not: that v,.()() is the mum! normal velocity, which may or may not be lmown. If it is unknown. a

coupled fun-minimal: has In be used.
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Animal-nameSisthinjlispossiblemwnrkwilhilsmeannuficemsommedbysinvyhalfullows).m
eachpoimnfSJhetwo«biof5(vafiab1cswboundaryoondifions)mrefenvdmby+and-sigusandlhe
nomalmthispoimisasumndmpoinlfiomvhn-mthe+side.
WemlethalSisdividedinlnSpans: .

S'JhepmofSinV.
Sm,lh:panof$inlhzi.nfinile plan:
S',I.hcpnof$inV+

2.3 [map-aircpr

mwmflmishlfltbyusingaGmnfimaimwhichsfisfiu:
AG(X,V)+'sz(X,Y)= - 5(X.Y)- 5(X',V)

wth’islhesy-mmicufdxepoimx ‘ _ '_ ‘
UsingGm's mndfommlzonane halfaftheflilid'dvmziin, V.‘m'V. gives:

p(x)= I {+ 53,, ," .G<x.y)}dsty) + I (utv).H"<x.y)— a(v)-G(X.v)}ds(v)
S' S'

  

 

+I {+ 3:53.609 1)}650) VXEV— (13.1)
1'

ant

pm=I {- ‘95,: ,V .c(x.y)}dsm J {My)rHY(x.v)- «(vyetxmusm
S' S'

J {— 2—:E%.G(x.y)}d5(y) vxevlr (23.2)
T

Wmmedmblcandsingehyerpmenfialsmdnfinedaslhejmgputplusueandthenomaldefivwveofm:
hmpofmmecfide:

.= an‘gyLap‘m m. .= + _ —0(Y)- ano) W M(Y)- P (Y) P (y)

Simflumwfionsmdcflwdforpomcnlhe‘uanqnmmmham'andlhcmbyufinga

Themnvalucsoflhcpnsuleandilsnormaldcrivativeforpoimsons'nnds'areexpmd[rumopexamxs‘
- 89.apphedonmaandfi.

F(x):= = F‘ta.u%)(x)
amt

  

= W(a.#.%m)

whale:

12g: F;(s .. CxS—> a)» (s —» c):(u,u) $3M»)
with: 5(c.u):s —> 62x =F(a.p)(x)
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F'(a.u.%)(x)z= CPV<My).HY(x.V))s.(y)’ («(yJ.G(x.y))s-(,,

+ <%yr).G(x.y)> + <?E!%.G(x,y)>.r
“ Y

Wimgxx): FP(My)-E(X.y))su(y,- CPv(c(y)._HX(x.y))s.m

+<%%1.Hx(x,y)>sm + <3—:g%in(x,y)>T (almslmrywhmon 5‘)

Notations: Mmmuwmwvmmemmemmmm'smfi
Asimikrinmyaloqmfionisvafidproimsons'.
ForthcpnimsonTorS“,thnepnmaflonsmdifieremifthelimitpzooessislaknnfiomonerideorfivmthe
«that. Form: -

p- (x) = n-wgm
what: P ‘(a.p.%)(x)c= <{+ %.G(x.y)}>rm

+ ({y(y).H'(x.y) — a(y).G(x y)})sm fornilpoinlsxon S” U T.

ThepmbkmumthmbeupmedinmsofthemfacepmenwsuandomS'US'Jllenomaldmva"' five

(nomaltoPQofthepmssuregg unTandintermsod‘thtnnmaldeflvafiwoflhepzessumcnbothsiduof

s.

and;

 

s"‘,%‘. and as": , mmmmmmmmmeamcpmfiddisummgjwnbym

aboveinlzgmls)

2.4 Sud-«primal

SummifiaevfluesmknmapfinfifiumthzbmmdaxymndifiongasliswdinTabla]:

WW“7 ma: wide

Elfi- nlafionam: 0 _I__-
am-—-
a_

.IEan
--3-

Table 1: RelationsMm sub—sufaoes, boundary conditions and unknown potentials.

   

       

   

 

‘ (ux.y))s(,,:= Lumymstv) m (ftx,v))s(.),(,.1= Ligamyxdswidsu)
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on S”; and

 

'l'hepmblamistcfindpdefimdonsuFSzuss); odelinedons.(=51); g; onT, 5;;

569—; ans”. suchlhatthcyveflfylhefoflnwing inlcgzal equations:

 

. __
—. 6p an— u if (H 'H ]“ H‘+H' _ VxeS‘
[P"“’""an"fi‘2( a 43))“ 25 ' 2 (“'0 2

—, an a pa— (H"‘H_) VxeS‘[P (0.».fi)-fi+2—E+——za——m=o 2

fi.‘(a.u.g—:)(x) — F'(u,u,g—:)(x).u—(x)— $.am— (“++H_)(x) = a Vx e s;

P*(o.u.Z—:)(x) = P-(a.u.%§)(x) Vx e T
§ _

P*(a.».—§%)(x) = j—jfiT’i’Fg—nm + imavxm] — 1+3[%(x) + ipwv; m]
VX 653

+ -
P'(a,u,—g%)(x) = —%:)7)[2;T(x)+lpwvfi(x)]+ Bap—"(x)+lpuv;(x)]

VX 255
mmwmmmmwmmmumMonmmb-sufiukmmmm
lhedefinifimofmopcmms "Fund 3;.
Nmelhatit'memucmnSisonlymdeofSMameimegfls (2.3.l)and(1.3.2)mtotheRayleighinleyaL

2.5 Vldlflnnul {firm Ind summary problem - finitc Elenunt lomulnlon

Asymmmicwfiafiannlfomisuhainedbymulfiplyingflwuboweqwfionsbyporu. (Thasymmenygives
Whulwlafionfimcandsmmge). Amfiomfixypfindpkisappfiedwobtainnminimiuflonpmlcm.
Theminimiufianmkmismhedbyflufinimdmmmmod.wfiohymnmhnicminthnspmzof
fimdiomdcfinedbythzshapefimcfionsmthcsumcewmdmfingsut

Themfnoemrucmmflsmoddledbymufncfinitcekmmmm logyofanhdammmotedefis
mmwammmuonnummtmumeflm wmmamma‘;

x ' xi '

ns'n. —> R‘.(;.n>#i‘(;.n):= y _(;.11)__= 2_ y. .Mrw)
z ' MN 1; .

X.
Y:

2:
poinl (gmoure'e'uyr, andM'nsme I‘” geumcuicshapefimclion nfe (definedby M'.(g, ‘19:».
Theunlmnwnfimcfionspgaand g_: mumessedinlermoflhn'rnodalvalues:

.
wheres'meR’ismcduminore'“.N'ismnumbemfpoimsone(ande'“),[ ] isthcimxgeoflhcl'"
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Mi):= Z Gi-Ni(:.n)i
leE.

umz= Z “I'Nl(9")l
leE_

3—3.6): Elm-NH“):
leE_

Finally,themuxnujmmixsystemmbfinlvedwmmn..isthenumberofunlmuwns)is:

(Aflum '(W); =

Notethattheldlandfigmwrtsaxemled. lftheunknawnsan s"‘UT,s'”“s'mdmmdby(u‘“oT (u‘.)‘
and (u’oTreqaectively,then:

Amm 'Amr 'Aml

    
2.6 Coupled fumnllfinn nnrl Iollflinn Khan:

Intheahuwfoxmflnfimthuearenudflailsabummevdodtyvn. Thesevaluawnheindependentofthe
aeousticprmuefielrl,ifmeload(nddedmasandlnrniflnnss)wmingfiomthefl\ddonmthemnmeissnafl.
Thisfivesaso-aifledmmywlmfingwdththevelncilyeonsidaedasagivenhmmflaryeondifionofthe
music pmhl:

STRUCTURE m, FLUID
system system

Lfthelnadfiumtheflifldonlolhesmmreisnntnegfly'ble.lheloadmfiawtnsitymomwifingthejmnpuf
mmmedghtufthemmmmunhemkmimnwummmeemmfimfmmmmleqfiflbfim The
systemisthenfixlly-cnupled:

velocity

STRUCTURE FLUID

syaam jump of pressur : system

The mural problem is solved by avariational natanent. In this structural formulation, the influence of the
fluid in the energy equation is the premix-load eneryz

(H(Y)-un(Y))s-(y)

where S5 is the coupledpart of the manure and ufl is the structural displment (luau,I = V“).

Aflel the mucrule by finite elements, the following symmetric system has to be solved:
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     . l u

where (1 denotes the nndal structural displacements.
(ZMG) = (F‘) is the synern Insulting from the corresponding uncoupled structural problem.

 

2.7 Handling um incith field

Aclasm'cal handlingan incident fieldisasfollaws:
Thescatteredfieldp. isdefimdhytherelation: pménl-p. whatnismcmmfidd;
and(lrylineadty)thebormdarycundifionisthenfarmulstedinlumsnfp.,eg:

6p ..

EL“) {mum woman»)+[—ipwvn(x)]
aim ' «2.00 "-2200 My) -|pwvn(v)
an

E0:)an +[alum n.2(x))(p.(x))-
%m Drum an“) My)

n

None: ThkammehkqfiwekssimLthmmmbemkzmbemmtheWomeC'sm
tennsut'smneredprcssmegivesriselonon-zem velocinBC‘sinthehaszlam:

ap apv . m—- = _—' at each tof P. S U
an an Pm“ ( T)

In order to mid imam-anion in this infinite plane. the incident field is redefined as an incidmt field suchthat:
an ,—' .—. 0 at each rm of P.an P”

Thismdrfinifionisfirlly-oonsisernwiththeinifialdefinifionofthefidinsshowninthefoflnwingfigure:
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2.8 Random incident l'rdd

ApanimlarmsefiortheincidanfisldislheMmaomrsucdifl‘usefield 'I‘woapprouchesmnbeused: the

srpex'pnsitionufaninfiniteeetufunaarrelatedplane waves, armor: etfidently)anautomaticemaetionuf

principfloumponentsnftheudtationflL

2.9 Software irnplanentation

mmhoddoyprmtadherehasbeenembudiedinsoflware,whichwillheaddedtnthenemrevisionofa
general-prime FWBE prugnm for Vilma-acoustics [4] to use its extensive pre- and post-promos and other

A link to spedalimd satlware with paro-vism—elam‘c fluid-5mm: elements [5] will enable the

Wamfi-mmmmwmmmmlmflmmbdmmmm
themselves, withamt ofenergy flows anddiseipation fidencies,

3. APPLICATIONS

ll Baffled plate Inlij to I nndnl loatl

Asimpleplatemmpleisslwwnminusuatcthepmeedmefurtheanalysisandthetypsoftesultswhichare

defiveinndasaverificafiunagainstothermethods.

Plate dimensions: 1m x 1m x 0.00511:
Young’s morhilus: 2.lEll NIth
Density, p: 7300 kg/m3
Modal damping n: 0.01

Plane simply—supported in the haflle. i2 normal displacement equal In 0 at the edges.

Mmumualmudesareused
Aeoum'c fluid: Aironhothsidesofthe plate
Speedofwrmdc: 340ml:

Deneity,p: 1.225 kym’
Normal nodalM 1000 N amplitude, at node at (0.65,0.2,0) ie not at centre (ham: is in plane Z=0).

AnalysisfinmlfltnSOOI-IzlnstepsofSI-Iz:

The“ structural modesmfirstwlenhtedwithuut any fluidinfluelwe (seeFiyure l; notethatonlythetleidhle

mam-a! elements, which are identical to the boundary elements, are shown: the surrounding infinite hafile is

notdisplayed).1hesemodesarethmusedinthefitlly-cwpledmlndafion

The mills obtained from the Boundary Element formulation presented above, are named with the mulls of

anhfinileElementtmmulationWEMflnwhichmaybetakenas arefcrenoeresulgandwiththedisplaeement

results for the plate without any fluid influence.
Figure 2 shows paeesuze vs frequency, at the field poinl at (0 5.05.0.5) ie above the centre ot'the plate. Figures 3

and 4 thaw the U2 displacement (normal to plate) at the nodes at (0.2,0.3,0) and (0.5.0.5,0) I: in one quadrant

and at the centre of the plate. Figure 5 shows a deformed-shape plot of the displacements of the plate at 255 Hz,

and Fignxe 6 shows the acoustic pressure on a hemisphere with 1 metre radius. centmd on the plate, in the
‘reneiver mm', The transmitted power (active, Real part, i: propagating energy) is 0536 watts at 255 Hz.

It can be seen that there is very glad ayecment between BEM and lFEM.
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3.1 Blind glue ubject In In small: plane HIV:

SampWasinJ.l,bInurcintiunisanmunicincidcnlplmwwe,withimilamplimde,
TheranhsnflainndfimflwBBh/IfiommnmugainwmpmedwizhthcmsullsuhanEanrmulafinnm
Mmmmhlkflmmmflmdmflm,mmmmemmhsofuanflyfiwlwlmimwhich
Mummmmmmnumwmnmmwmmmmmmmmfim
Figure?showsllleplmmanhefiddpnimm(0.5,0.5.0.5):ndFigums5M9 showthnllzdlspimm
(Whplm)nllnmdcsat (112,033) nnd(0.5.0.5:0).
nmkmmmuwmmntmnammm

4. CONCLUSIONS

mmmmmnmmmmmmmmmmmqm llmpponsnwidcmnge
ofwmmdfimimlufingmmugmmmwmthzm. Raudomurdfi'usc-
finldexu'tafiansamstmwd. Themslicsymmbempladtuammrmcwhnlflafamm,which
izrnpnsmedinphysialormlcooxdinatcs. Thismucmrecanliewithingmglthlaneofflwbafile.
deMSWWWMangWCWMaHflMW
serum for mnlti-Jayemd who-nouns“: damping mmfixls. arenas a mmplfize design analysis Me for
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Manse r mmumwnnwuusnca

animal
M'Wmlamifl
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mun-Iman
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FIGURE 1: Pl“: with annual force. field point
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mm
mmdmunmm
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FIGURE 1: Example pm: in Ill infinite blflle, uncoupled alumna] ta 4
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frequency. FEM. [FEM and.
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S‘IM — COWA'HOMM. WACOIB‘I'ICS

Mu mwl pa. w II-mlwltllm
m” nul-~ mm: «mu—

mm [mu-um h_._...__rp.—-~—

1glmnmm

  
w

. FIGURE 5: Pine with non-ll fume. deformed—FIGURE 4: Hm with norm-1 force, norm]! - ‘.
dilplacemanll n (0.5.0.543) m “"31"” “' “"I'IW' " 25531
“twenty, HEM. IFEM and Umplerl
mpmd

m.cmnmmmm-Acousma
mu m— -- unwary-um

u. nur-nvnn-m-Iluu-

._.zmm __7....7.__7—..._._

   L.

FIGURE 6: Hat: with unmle forc‘e. colttoul; FIGURE 7: PM: with Indan plue wwvt. field
plm Irf plum: II the- Mr Wpmmw frequnncy, REM
Mfspue. 155112 (VIEWWm‘i and MMcomde
in the melvcr mm, mm: lower
edge mm! to vim-Jim)
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“m - DDMPIH‘ITIONAL VBRCFACDUS‘ECS SVSNOISE - COMPUTITIDMIL VlBRD-AGOUSTIOS
hulfl gum Inn. nnlwrhmuwaam mu Auth Inn-um! n-Iwwuuzla

In.“ wfiru.urn.m~urv_~r»v WW “‘1‘...”- ma»..—

 

     

 

mum

FIGURE 8: Plate with incidm plane wave.

normal Minimum: It (.2,D.3,0)

vs frequency: BEM. WEM.
Unnamed mil Analytical
cumpmd
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FIGURE 9: Pine whh intidut plus hue,

normal dilphnemcnh It (05.0.5.9)
v: {remnant}: DEM, lFEM,

anplcd and Analytical
com pared
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