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Abstract

Recentapplicationsof boundaryelementmethodsto predict sheetor developedtip vortex cavitation on
lifting bodies,within theframework of nonlinearcavitytheory, are summarized.A Dirichlet typeof bound-
ary conditionis appliedon thecavity surface, while a Neumanntypeof boundaryconditionis appliedon
thewetted(non-cavitating)bodysurface. Theshapeof thecavity is determinedvia an iterative technique
until both,theconstantpressure conditionandtheflow tangencycondition,are satisfiedon thecavitysur-
face. 2-D, 3-D hydrofoils, submergedmarinepropellers in non-uniforminflow, aswell assurface-piercing
propellers are considered. Somecomparisonswith experimentsare presented,and future challenges are
outlined.

1 INTRODUCTION

Sheetcavitation,thetypeof cavitationwhich is characterizedby a“continuous”liquid/vaporinter-
facewhich is “attached”to thebody, canoftenoccurduring theoperationof hydraulicor hydro-
dynamicdevices,e.g.hydrofoils,pumps,marinepropulsors.Despiteits undesirablenature,some
sheet(or othertypesof) cavitation oftenhasto beaccepted,sothattheefficiency of thesedevices
is not excessively low. The appearanceof sheetcavitation is becomingmorecommonin recent
yearsasthe lifting surfaceloadsandtheflow speedsincrease.Its predictionthereforebecomesa
verycrucialaspectduringthehydrodynamicdesignor assessmentstage.

Cavitating or free-streamlineflows werefirst addressedin nonlineartheoryvia thehodograph
techniqueasintroducedbyHelmholtz,Kirchoff andLevi-Civita (Birkhoff andZarantonello,1957).
Thecavity surfacein steadyflow wastakenasa steamlinewith constantpressure(thus,constant
velocity).

Thelinearizedcavity theorywasintroducedby (Tulin, 1953)andbecamequickly verypopular,
asproven by the vastamountof publicationswhich madeuseof it. An extendedlist of related
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Figure1: Definitionof the“exact”, theapproximate,andthediscretized3-Dcavity andfoil surface.

publicationsmaybefoundin (Tulin andHsu,1980)or (Kinnas,1991).
In the presentwork boundaryelementmethodsfor the predictionof sheetanddevelopedtip

vortex cavitation,within nonlinearcavity theory, will besummarized,andsomecomparisonswith
experimentswill bepresented.

2 3-D HYDROFOIL

2.1 Formulation

Considernow a 3-D hydrofoil which is subjectto a uniform inflow
���

asshown in Fig. 1. The
cavity surfaceis denotedwith ��� , the wettedhydrofoil surfacewith ����� , andthe trailing wake
surfacewith ��� . Thetotalflow velocityfield 	�

����������� , canbewrittenin termsof theperturbation
potential,��

����������� , asfollows: 	�

������������� �����! �"
#�����������%$ (1)

In thenext four sectionsthenecessaryequationsandconditionsfor determining�"
#����������� , aswell
asthe cavity planformandshapeareoutlined. Only the non-linearcavity solutionis described.
Referenceson linearizedapproacheshavebeengivenin theintroduction.

2.1.1 The Green’s formula

As in thecaseof 2-D hydrofoil Green’s third identity rendersthe following integral equationfor�"
#����������� : &(' �)�+* �-,�.0/(�-132 �5476478:9 6 4 �4;8=<?> � � * �@,BA ���34764;8C> � (2)D is theunit vectornormalto thefoil wettedsurface,thecavity surfaceor thewakesurface; A � is
thepotentialjumpacrossthewakesheet;6 �FEHGJI is theGreen’sfunction,whereI is thedistance
betweenapoint K andthepoint of integrationalongthefoil andcavity surface.
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4 �4;8 � 9 ���ML DONQP�R ���S� (3)

In thecaseof partialcavitation thetrailing wake, ��� , is treatedthesamewayasin thecaseof
fully wettedflows(Morino andKuo,1974).In otherwords A ��� is only afunctionof thespanwise
location � , givenas:

A ����
T�U���V��WX 
T�U� 9 �ZYX 
T�U���M[=
T�U� (4)

where ��WX 
T�U� and ��YX 
T�U� arethevaluesof thepotentialat theupper(suctionside)andlower (pres-
sureside)foil trailing edge,respectively. Thedifferencein thosepotentialsis alsoequalto thecir-
culation [ ataspanwiselocation � . In recentyearsweapplytheiterativepressureKuttacondition
at the trailing edge(KinnasandHsin, 1992),in which A ��� is determinedfrom the requirement
thatthepressurejump acrossthetrailing edgeis equalto zeroeverywherealongthespan.
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