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Abstract

A powerflow integral approach is usedto derivethevibroacousticbehaviourof semi-infinitecurved
panelsexcitedby line forces.Energy quantitiesinsidethesubsystemsandcouplingbetweensubsys-
temsare locally described.Energy fieldsare derivedusinga propagativedecomposition.Dueto the
curvature, everywaveshavenormalandtangential components,andmayradiatepower. Radiation
is locatedalongsupersonicwavestravelandonstructural discontinuitiessuch asedgesor excitation
lines.

1 Intr oduction

Power flow methodshave motivatedseveral researchesin the last few decades[1, 2, 3]. Dealing
with the sameenergy variablesas SEA, thesemethodsare dedicatedto the high frequency range
whereclassicalkinematicapproachesarelimited dueto the increasingcomputationtime. Another
advantageof thesemethodsis to give averagedresultsof the very sensitive responsesof systems
in high frequencies.Unlike SEA, power flow methodsareinterestedin describingenergy densities
insidethesystemsandlocalpowerbalancesareusedonboundariesandinsidethesystems.Assuming
that propagative fields are uncorrelated,an integral formulation was developpedand successfully
appliedto problemsinvolving couplingbetweensystemsof samedimension[3].
This paperdealswith vibroacousticcouplingappliedto cylindrical shells. Classicalapproachesare
usedto performangularharmonicsdecompositionsto derive thecoupledsystem.In thespirit of en-
ergy methods,apropagativedecompositionbasedontheso-calledhelicalwaves[4, 5] is usedhereto
expressthe local power exchanges.In high frequency, two wavesprincipally interferein theenergy
balances.Becausethecurvatureradiusbecomeslargecomparedto thewavelenghts,they correspond
to theflexuralandlongitudinalwavesof theequivalentflat structure.Two kindsof radiationprocesses
areinvolvedin thepowerflow exchanges:powermayberadiatedby supersonicwavesanddiffracted
onstructuraldiscontinuitiessuchasedgesor excitationpoints.

Thesecondsectionbeginswith thecalculationof propagativeparameters.Then,canonicalproblems
involving the different radiationprocessesarederived andthe correspondinglocal power balances
areexpressed.Theresultsareintroducedin theintegral energy formulationin thethird section.The
lastsectionshowssomenumericalcomparisonsbetweenenergy andreferencekinematiccalculations.

2 Canonicalproblems

Givena semi-infinitecylindrically baffled curvedpanelexcitedby axially line forces(Figure1), due
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to thesemi-infinitegeometrie,theproblemreducesto abidimensionalanalysis.Thestructurematerial
is charaterizedby theYoung’s modulus

�
, thePoissoncoefficient � , thethickness� andthedensity��� . We note � the radiusof thecylinder, � thecurvilinearabscissa,� the radialcoordinate,	 and 


thetangentialandnormaldisplacements,and� theacousticalpressure.Excitationsareline transverse
forces�� , moments�� andtangentialforces �� . Thefluid is characterizedby thedensity��� andthe
soundvelocity � � . Thereis no fluid on theinternalsideof thepanel.Thetime harmonicterm ������� is
omittedin thefollowing developpements.
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Figure1: Studiedgeometry� denotestheratio ��� �"!$# and % is thestiffnesswritten
� �'&��"!(#�)*!,+-�.� / . 0�1 is theflexural real-valued

wavenumberof the equivalentflat plate: 0�2143 ��� �"56�7�8% . 0:9 is the longitudinalwavenumberof the
equivalentflat plate: 0"�9 3 )*!;+<�.� / ��� 56�7� � . 0 � is theacousticalwavenumber:0 � 3 5=�8� � . Starting
with theTimoshenko’smodel[6] for shells(morecompletethanDonnell’sone),equationsdescribing
theline excitedfluid loadedcylindrical shellarederivedasfollow>?????????????????@ ?????????????????A

B 27
B � 2 +C0 21 
ED 
� � � � + !� B &F	B � & D !� � � B 	B � 3 ��%HG )JI�/KD �L% B G )MI�/B � + ��NPO'Q%B � 	B � � DR0 �9 	SD � �� � B � 	B � � + � �� B & 
B � & D !� B 
B � 3 �T� �U��)*!V+C� � / G )JI�/)XW � DR0 �� /Y� 3 IZ �Z � NPO'Q 3 ��� 5 � 

(1)

Equationsmustbecompletedby theSommerfeldradiationconditionat infinity for thepressure� and
by theboundaryconditionsfor thedisplacements	 and 
 . Thestructuraltime-averagedenergy is the
sumof longitudinalandflexural energies(noted [\9 and [�1 )[]9 3 !^ ��� �_5 �a` 	 ` � D !^ � �!b+c� � ddddd 
� D B 	B � ddddd � []1 3 !^ ��� �_5 �a` 
 ` � D !^ % ddddd B � 
B � � + !� B 	B � ddddd � (2)
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Thetime-averagedpower flow is expressedin termof tangentialandtransverseforces � and e , and
moment� , asfollow f 3 !#hg i$j 5lkmen
.opDR� B 
 oB � DC�q	ros+C� 	 o��t�u (3)

whereo denotesthecomplex conjugateand g therealpart.

Startingwith the energy definitions(2-3), we now derive the system(1) in order to determinethe
powerexchangesbetweenthestructureandtheacousticalmediumin someparticularcanonicalradi-
ationproblems.Thefirst stepis to find thepropagativeparameters,by solvingthedispersionequation.

2.1 Dispersionequation

Displacementsandpressureareexpressedin propagative forms, 	�)X�(/ 3wv �axa�8y � , 
h)X�(/ 3{z �axa�:y � and�p)Y�(|7�(/ 3 �a)M�8/}�axa�8y � , where 0 denotesthefluid-loadedcurvedstructurewavenumber. TheHelmholtz
equationof (1) written in cylindrical coordinatesleadsto theHankel equationfor �8)Y�:/ . Thepressure
is thuswritten �p)Y��|���/ 3 B=~ y Q�)X0 � �:/�� xa�8y � (4)

where
~ y Q denotestheHankel functionof order 0"� andof thesecondkind, in respectwith Sommer-

feld radiationconditions.Thecouplingconditiongivesthevalueof
B
. Substitutingthepropagative

formsin system(1) with homogeneousconditionsleadsto amatricialequationinvolving �
� 3������ + j� )J0 & D 0� � / 0 2 +�0 21 D !� � � � D ��� 0 21��� �U0 � ~ y Q�)J0 � ��/~q�y Q )J0 � ��/0 � +�0 �9 D � �� � 0 � + j� ) � � 0 & DR0_/

������ (5)

The correspondingdispersionequationis ��� ��)M��/ 3 0. We note 08� the solutionsof this dispersion
equation.Amplitudesof displacementsandpressurefor thewave � arerelatedby:z �v � 3�� � 3 0"�9 +�0"�� )�!�Dw���Q � /�Q ) � � 0 &� D�08�Y/ v�� B B �z � 3 �(� 3 ��� 56�0 � ~ �y�� Q )J0 � ��/ (6)

where
~ �

denotesthederivative of theHankel functionwith respectto argument.Thepresentcou-
pling with air is consideredlight andwe areinterestedin thesolutionsderiving from thepropagative
solutionsof the in vacuostructure. If the radiustendsto infinity, thesein vacuosolutionsare the
longitudinalandflexural wavenumbersof theflat plate( 0:9 and 0�1 previously defined).Approximate
solutionsof the dispersionequationmay be derived in the caseof light fluid loadingby using the
Debyeexpansionsof Hankel functions.

Using the calculatedwavenumbers08� , we now derive several radiationmechanismsfor eachwave:
the purposeof the following canonicalcalculationsis to characterizethe local power balancesfor
eachradiationprocess.

2.2 Dir ect radiation

Radiationemanatingfrom theline forceis first considered.Tangentialandnormalpoint admittances
of the infinite fluid loadedpanelarenoted �S)Y��/ and � )Y��/ . Tangentialandnormalvelocitiesand
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pressurearethusdiscribedby theFourierintegrals:¡	p)J�(/ 3£¢ ¤'¥x ¥ �S)Y��/�� ��¦ � B � ¡
�)J�(/ 3£¢ ¤'¥x ¥ �§)¨�©/�� �(¦ � B � (7)

�ª)M�(|7�(/ 3 ¢ ¤'¥x ¥
j ��� 50 � ~ ¦ Q�)J0 � �8/~ �¦ Q )X0 � ��/ �§)¨�©/�� �$¦ � B � (8)

Classicalresiduecalculationsof integrals(7)givethecontributionsto thedisplacementof thedifferent
propagativewaves.Thepowerbeinginjectedin eachwavemaythusbedeterminedby expressingthe
transverse,normalandrotationvelocitiesdueto eachwave 08� at origin.« � 3 !# g i ¡	 y�� )JI�/��¬o D ¡
 y}� )MI�/}�To D B ¡
 y��B � )JI:/�®o u (9)

The pressurebeingradiatedis the branchcut contribution to the pressureintegral (8). Its calcula-
tion is performedusingthestationnaryphasemethodwith the largeargumentexpansionsof Hankel
functions. Thestationnarypoint is �. 3 0 ��¯}°m±b² , ² beingthecylindrical angle(

B ² 3 � B � ) andthe
pressurebeingradiatedexpressedin cylindrical coordinatesis written asfollow�ª)M�(| ² / 3 j ��� 5�³ #(´0 � �'µs¶J· � �§)J0 ��¯°¸±b² /�� �8y*¹7º N ¤ Q,»Y¼P½7¾ ¤_¿ · 2�À (10)

Thespecificintensity, thatis thepowerbeingradiatedinto anelementarysolidangleabout² , is« N �}Á ) ² / 3 #�´ ��� 5 ` � )X0 ��¯}°m±b² / ` � (11)

The total power beingsuppliedin the coupledsystemis the sumof eachstructuralwave injected

powerandtheradiatedpower:
« �ÃÂ � 3®Ä � « �:D ¢Å¿ · �x ¿ · � « N ��Á ) ² / B ² . Æ=ÇMÈ7É � ) ² / and Æ � � NXÊ É� denotetheratios

of thespecificintensityin ² directionandthestructuralpowersuppliedto eachwave � , over thetotal
powerbeinginjected « N ��Á ) ² / 3 Æ ÇJÈ7É � ) ² / « �ÃÂ � v�� B « � 3 Æ � � NËÊ É� « �ÌÂ � (12)

2.3 Edgeradiation

A structuralwave impinging on a discontinuityis diffractedin the acousticalmedium. The prob-
lem of power radiatedwhena wave is reflectedon a boundarycondition is calculatedsimilarly as
previous problem: underthe light fluid hypothesis,the Fourier transformof the structuralin vacuo
displacementfield is known andusedto calculatethepressurebeingdiffracted,by astationnaryphase
calculation.

If ��� denotesthe Fourier transformof the normal velocity field due to an impinging wave � , the
pressureis written ���*)Y�(| ² / 3 j ��� 5 ³ #�´0 � �'µÍ¶J· � ���*)X0 �h¯°m±b² /�� �8y ¹ º N ¤ Q�»Y¼P½Î¾ ¤_¿ · 2�À (13)

The reflecteddisplacementfield is composedof every wave types: 
 N )J��/ 3ÐÏ � ��� � � �:yJÑ � . Deriving
theboundaryconditionsgivesthe reflexion coefficients �Î� � involved in ��� expression.Startingwith
expression(3), thepower flux ÒÔÓ� carriedby thewave � travelling in Õ directionareexpressed.The
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in vacuoenergy reflectioncoefficientsarethenwritten asratiosof the incidentpower from wave �
over thereflectedpower in wave

j
: �;Ö � É Ê ×� � 3 Ò x�Ò ¤� ` ��� � ` � .

With the coefficients �Î� � and the equation(13) the diffractedpressuredue to an impinging wave �
is determined.The specificintensityis derived in termsof incidentflux,

f ¤� )JI�/ , andby taking into
accountthedirectivity« N �}Á� ) ² / 3 Æ Ç ÁPØ Ç� ) ² / f ¤� )JI�/ Ù;�MÚ}� Æ Ç ÁPØ Ç� ) ² / 3 #�´ ��� 5 ` �'�P)X0 ��¯}°m±b² / ` �Ò ¤� (14)

In orderto respectthepowerbalanceat theedge,in vacuoenergy reflectioncoefficientsmustbemod-
ified by takinginto accounttheradiatedpower. Weassumethatall fluid loadedreflectioncoefficients
aresimilarly reduced�n� � 3 )*!V+cÛ N ��Á� /}� Ö � É Ê ×� � ÙÜ�JÚ}� Û N �}Á� 3 ¢ ¿ · �x ¿ · � Æ Ç ÁPØ Ç� ) ² / B ² (15)

2.4 Supersonicwave radiation

Thepower flux radiatedby a propagative wave is Ýf � 3 !(�:# g )Þ�pßàÝWá�r� ��� 5Íâ o / . Startingwith thepres-
sureexpression(4), directivity and magnitudeof the power being radiatedare determined.For a
propagative wave, the directivity is definedby the anglewith the normal to the surface ã N ��Á� 3ä8å}æ � ä ± g ßÞ+ j 08� ~ y�� Q�)J0 � ��/�80 � ~ �y�� Q )X0 � ��/*â and the magnitudeis the projectionof Ýf � on the normal
to thestructure.It is shown to beproportionalto thestructuralpowerflow. Thespecificintensitymay
thusbewritten in termsof structuralflux andby takinginto accountthedirectivity, asfollow« N ��Á� )X�:|7ã,/ 3 Æ � Ê7N*1� G )Jã¬+Cã N ��Á� / f �P)J�(/ Ù;�MÚ}� Æ � Ê7N*1� 3 ��� 56&# g i + j ~ y�� Q,)X0 � ��/0 � ~ç�y�� Q )X0 � ��/ u ` � � ` �Òè� (16)

Thisproportionalityrelationshowsthatthefluid couplinginducesdampingto thestructurewhenthe
real part of expression(16) is non zero: usinghigh frequency expansionsof Hankel functions,this
is shown to occurwhenstructuralwavesaresupersonic( 0:�èé{0 � ). The radiatedflux directivity de-
pendsonthepropagationdirection:theflux

f ¤� (resp.

f x� ) radiateswith theangleD�ã N ��Á� (resp. +;ã N ��Á� ).

3 Energy derivation of coupledsystem

The energy formulationhasbeenalreadyappliedto multipropagative systems[7, 8]. Propagative
wavesareassumeduncorrelatedinsidethedomain.Theirenergeticcontributionsaresolvedindepen-
dantlyandsimply summed.Thecouplingbetweenthemonly appearsat theedgeswhereanincident
wavemaygenerateseveralreflectedwave types(coefficients �Ü�mê ��ëO_� arenonzero).

As calculationsareperformedwith ligth fluid, we only keepthe wavescomingfrom the in vacuo
curvedstructure:two wavescorrespondingto flexural andlongitudinalwavesof the equivalentflat
structurehaveapropagativeform for thekind of structureradiusandfrequency rangewhicharecon-
sideredin theapplications.
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3.1 Integral energy formulation

Themainhypothesisof the integral energy formulationis to considerthatpropagative fieldsareun-
correlated,which makes the energy quantitiesadditive. Then, for eachpropagative wave, energy
fieldsarethesumof directcontributionsemanatingfrom sourceslocatedinsidethesystemandsec-
ondarycontributionsfrom sourceslocatedon theboundaries.Energy kernelsusedto describeeach
sourcecontribution aresolutionsof the local power balancefor a point excited infinite domain.For
isotropic,linearandlightly dampedsystems,kernelscorrespondingto energy density ì andpower
flow density Ý~ areexpressedin radialcoordinates[3]ì )M�8/ 3 !�.�� �ax�í N� Â x ¶ Ý~ )M�8/ 3 !�. �ax�í N� Â x ¶ Ý	'N (17)

with � beingthe dimensionof the system,�. the solid angleof the space,� the groupvelocity of
thewavesand î the attenuationfactorrelatedto thehystereticdampingcoefficient by î 3ðï 5=�8� .
Thesekernelsconcernpropagative fieldsonly: evanescentfields thatdo not carryany power arenot
includedin theenergy description.Energy andpower flow densitiesinsidethesystemarewritten in
termsof direct( � ) andboundary( ñ ) sourcescontributionsasfollow[w)J�H/ 3®¢àò � )Jó�| Ý	rôaõS/�ì4)Jó�|7�H/ B óqD ¢àö ò ñÍ) « | Ý	r÷Uõ�/�ì ) « |7�H/ B « (18)Ýf )J�H/ 3£¢àò � )Jó�| Ý	rôaõÅ/ Ý~ )Xó�|7�®/ B óqD ¢àö7ò ñs) « | Ý	U÷UõÔ/ Ý~ ) « |7�H/ B « (19)

Direct sourcesarethe injectedpowersandaresupposedto beknown. Magnitudesof thesecondary
sourcesareto bedeterminedby applyingthelocal power balanceon theboundariesaswill be illus-
tratedfor radiationproblemsin thenext section.

3.2 Structure calculation

Dueto thesemi-infinitegeometry(seeFigure1), thestructurereducesto a one-dimensionalsystem.
It is describedby two propagationwaves. Fluid loading is taken into accountby modifying the
following parametersø Theinjectedpowermustincludethedirectradiationappearingontheexcitationline (seeequa-

tion (12)).ø Dueto theedgeradiation,energy reflectioncoefficientsaremodified.For every incidentwave� , the sum of the reflectedflux is not equal to the incident flux anymore, and edgesact as
dissipativeboundaries:Æ � �Ü� � é®! (seeequation(15)).ø For supersonicpropagationwaves, continuousradiation inducesdampingintroducedin the
attenuationfactor î§� by addingthequantity Æ � Ê NP1� from equation(16).

The structuralenergy is describedby four boundarysourcescorrespondingto both waves,on both
extremities.Thepowerbalanceontheedgeis written

« N Ç 1�9� 3 �Ü�Ã� « �ÃÂ É� Dç� � � « �ÃÂ É� where
« N Ç 179� denotes

thepowerreflectedby theboundarywith thewave � anddueto theincidentpowers
« �ÃÂ É� and

« �ÌÂ É� car-
riedby thewaves � and

j
. Expressedin termsof directandboundarysourcesby following expression

(19), a linearsystemon thefour edgesourcesis obtained.Then,flexural andin-planeenergiesmay
bederivedusingequations(2) and(18)andby summingeachwavecontributions.
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3.3 Acousticalmedium calculation

Acousticalenergy fieldsarederivedby introducingpower sourceslocatedon thestructure.Thereis
noacousticaldirectsourcesandexpression(18) for theacousticalmediumreducesto anintegralover
thestructure [ � )J�H/ 3£¢ ò.ù ñ � ) « | Ý	r÷UõÔ/ �ax�íp¹ ÷Uõ� � « � B «

(20)

Thedirectradiationis first derived. Startingwith expression(12), theboudarysourcecorresponding
to thepowerbeingradiatedby theexcitationdiscontinuityisñ � )Xó�| Ý	 � / 3 Æ ÇMÈ7É � ) ² ÷$ú�/ « �ÌÂ � (21)² ÷ ú is thecylindrical anglecorrespondingto Ý	 � directionin theframecenteredontheexcitationpoint«  (seetheFigure2 for notations).

Theradiationof theedgesis derivedsimilarly. Usingedgeefficiencies(14) thesecondarysourceson
left andright extremities(noted

« 9 and
« N on Figure2) arewritten in termsof impingingflux carried

by eachwaveñ � ) « 9Y| ² ÷$û¨/ 3®Ä � Æ Ç Á*Ø Ç� ) ² ÷$ûü/ f x� ) « 9¸/ v�� B ñ � ) « N�| ² ÷$ý�/ 3£Ä � Æ Ç ÁPØ Ç� ) ² ÷$ý�/ f ¤� ) « N7/ (22)² ÷$û (resp. ² ÷$ý ) denotesthecylindrical anglein theframecenteredon
« 9 (resp.

« N ). f x� (resp.

f ¤� ) is
thestructuralflux traveling from right to left (resp.left to right).

The radiationof supersonicwaves is introducedin the integral power flow formulationby surface
sourceslocatedalongthe whole structure.Boundarysourcesareexpressedin termsof surfaceef-
ficienciesof eachwave (equation16). Two boundarysourcesñ x� and ñ ¤� correspondingto the two
propagationdirectionsareconsideredñ Ó� ) « | ² ÷ª/ 3HÄ � Æ � Ê7N*1� f Ó� ) « / G ) ² ÷©þ�ã N �}Á� / (23)² ÷ denotesthecylindrical anglein theframecenteredonpoint

«
, describingthewholestructure.Due

to theDirac function,theenergy derivationis not astrivial aspreviouscases.Substituting(23) into
integral (18), two discretecontributionscorrespondingto both propagationdirectionsareobtained
persupersonicwave. For

«
describingthestructureand � theacoustic,wenote ² theanglebetweenÿ � and

ÿ «
, and � the radialcoordinateof � ( � 3 ÿ � ). Consideringthat

B « 3 B � 3 � B ² , the
following relationholds B ² ÷B ² 3 �« � � )Y�á+c� æ�� ¯r² / (24)

Changingthe integrationvariablefrom
B «

to
B ² ÷ , theenergy densitydueto thesupersonicwave �

becomes[ � � )X�H/ 3 Æ � Ê7N*1� ��
f ¤� ) « ¤� / �ax�íp¹ ÷��� õ� � � � « ¤� �)Y�á+c� æ�� ¯r² / D f x� ) « x� / �ax�í�¹ ÷��� õ� � � � « x� �)M�á+�� æ�� ¯U² / �� (25)

where
« ¤� and

« x� arethe pointsof the structureradiatingin � with the angle D�ã N ��Á� and +áã N �}Á� .
They mayexist or not. For onesupersonicwave, thepoint � maythusbe in a shadow zoneor re-
ceive1 or 2 rays.

Using the assumptionof uncorrelatedwaves, the whole acousticalenergy field is the sumof each
sourcescontribution,correspondingto thedifferentradiationprocesses(21,22 and23).
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4 Numerical simulations

Powerflow calculationsarenow comparedto kinematicfrequency averagedresults.Applicationsare
performedwith analuminium(

� 3 I�� � #è!$I ¶P¶ �Hî¬x.� , � 3 I��
	 , � 3 #,î î , ��� 3 #��:I8I�0��î¬x.&�/ shell
of radius � 3 I������,î with air ( ��� 3 !��
	60�6î¬x.& , � � 3 	 ^ IsîH�ax ¶ ) on theexternalside. The panel
is 1.5 meterlarge which correspondsto an arc of ´ª�:# radians. Excitationsare line transverseand
tangentialforces. The wave comingfrom the longitudinalflat wave is alwayssupersonic.The one
comingfrom theflexural wave is subsonicbelow thecritical frequency ( � É�� � 0 ~��

) andsupersonic
above. Both frequency domainsareinvestigated.

=0, R1=4 m

θ=π/6,R1=4 m

θ=π/3,R1=4 m
P0

(s0=-0.35 m)
F

Pl Pr

θ

O

s

M1

M2

M3

R

θ

Figure2: Calculatedgeometry

Calculationsstartat �8I:I ~��
andcover 5 octave bands(up to #�� � I8I ~��

). The structureis simply
supported,andexcitedon �à 3 +;I���	��,î . Energy variationsareinvestigatedfor onestructuralpoint
andthreeacousticalpoints, � ¶ ê � ê & locatedon ² 3 I_|�´p� � |�´ª��	 onthecircleof radiuŝ î (seeFigure
2). At the startingfrequency, thereis only 0.22 longitudinalwavelenghtsalongthe structure.The
systemis not in thehigh frequency hypothesisandstrongmodaleffectsmayappear. As thepower
flow approachneglectstheinterferencesbetweenpropagativefields,theseeffectsarenot considered
by theenergeticcalculationsandmoderateresultsmaybeexpected.As thefrequency increases,both
flexuralandlongitudinalwaveshaveseveralwavelenghtsalongthepanelandthesystemrespectsthe
high frequency hypothesis.

Resultsconcerningthe transverseforceexcitationarepresentedon Figures3 and4, andthecaseof
the tangentialforce on Figures5 and6. The abscissais the frequency divided by the critical fre-
quency, andtheordinateis theenergy densitydividedby theinjectedpower. Thefrequency reference
variationsareplotedwith grey lines. In both cases,the power flow calculations(thick lines) arein
goodagreementwith theaveragedkinematicresults(–o–),for theacoustical,flexural andlongitudi-
nalenergies.Thegoodagreementfor structuralenergiesshowsthatthemodeconversionoccuringon
theedgesis well predictedby thelocalpowerflow analysis.
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Figure3: Frequency flexural andlongitudinalenergiesvariationsfor the transverseexcitationcase;
grey linesarethekinematiccalculations;–o–linesarethe1/3octavebandaveragedkinematiccalcu-
lations;thick linesarethepowerflow results

The changesof radiationprocessof the flexural wavesbecomingsupersonicabove the critical fre-
quency is visible on Figures4 and6. In thecaseof the transverseexcitation(Figure4), theflexural
wave is well excitedandis themajor contributor to radiation. Anyway, thesupersoniclongitudinal
wave mustbetakeninto account,especiallybelow thecritical frequency wheretheflexural wave ra-
diationemanatesfrom discontinuitiesonly andis lessefficient. In thecaseof thetangentialexcitation
(Figure6), theradiationof thelongitudinalwave is still importantbelow thecritical frequency. This
wavehaving a largewavelenght,thereferenceacousticalenergy (grey line) hasamodalbehaviour in
this low frequency range.This is not the caseabove the critical frequency whereflexural radiation
becomespredominant,flexural waveshaving amuchshorterwavelenght.A detailedanalysismaybe
performedonthediffractionsourceslocatedontheedgesandexcitationpoints.In particular, shadow
effectsdueto thecurvaturearewell describedby thepowerflow calculations.

5 Conclusion

This studydemonstratestheability of the integral power flow methodto give thespatialrepartition
of theacousticalenergy field radiatedby curvedstructures.Theexterior acousticalmedium,where
the field is not diffuseis spatiallydescribedby usingrealisticdirectivities for the boundarypower
sources.Thepresentanalysisusestwo propagativewavescorrespondingto theflat structurelongitu-
dinal andflexural waves.Dueto thecurvature,bothwaveshave normalandtangentialdisplacement
componentsandmayradiatepower. Wavesareassumedto propagateuncorrelatedandcouplingbe-
tweenthemoccursonedgesreflections(conversionmodephenomenon).

The longitudinalwave is well excited by tangentialforcesandmostof its energy is dueto tangen-
tial displacements.Despiteits small normalcontribution, it radiatesefficiently becauseit is always
supersonic.The flexural wave, well excited by transverseforcesor momentsmay be subsonicor
supersonic.Power is alsoradiatedby diffractionof theelasticwaveson thestructuraldiscontinuities
suchasedgesor excitationpoint.
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Figure4: Frequency acousticalenergiesvariationsfor threepointsfor thetransverseexcitationcase;
grey linesarethekinematiccalculations;–o–linesarethe1/3octavebandaveragedkinematiccalcu-
lations;thick linesarethepowerflow results
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