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Abstract

Recentapplicationsof boundaryelementmethodsto predict sheetor developedtip vortex cavitation on
lifting bodies within the framevork of nonlinearcavitytheory are summarizedA Dirichlettypeof bound-
ary conditionis appliedon the cavity surface while a Neumanrtype of boundaryconditionis appliedon
the wetted(non-cavitating)body surface Theshapeof the cavity is determinedvia an iterative technique
until both, the constantpressue conditionand the flow tangencycondition,are satisfiedon the cavity sur

face 2-D, 3-D hydrofoils, submeged marinepropelless in non-uniforminflow; aswell as surface-piecing

propelles are consideed. Somecomparisonswith experimentsare presentedand future challenges are
outlined.

1 INTRODUCTION

Sheetavitation, thetypeof cavitationwhichis characterizethy a “continuous’liquid/vaporinter-
facewhich is “attached”to the body, canoften occurduring the operationof hydraulicor hydro-
dynamicdevices,e.g. hydrofoils,pumps,marinepropulsors.Despiteits undesirablenature, some
sheet(or othertypesof) cavitation oftenhasto be acceptedsothatthe efficiency of thesedevices
is not excessvely low. The appearancef sheetcavitation is becomingmore commonin recent
yearsasthelifting surfaceloadsandthe flow speedsncrease.lts predictionthereforebecomesa
very crucialaspecturingthe hydrodynamialesignor assessmerstage.

Cavitating or free-streamlindlows werefirst addresseth nonlineartheoryvia the hodograph
techniqueasintroducedby Helmholtz Kirchoff andLevi-Civita (Birkhoff andZarantonello1957).
The cavity surfacein steadyflow wastaken asa steamlinewith constanfpressurgthus,constant
velocity).

Thelinearizedcavity theorywasintroducedoy (Tulin, 1953)andbecamequickly very popular
asproven by the vastamountof publicationswhich madeuseof it. An extendedlist of related
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Figurel: Definitionof the“exact”, theapproximateandthediscretize®-D cavity andfoil surface.

publicationsmaybefoundin (Tulin andHsu,1980)or (Kinnas,1991).

In the presentwork boundaryelementmethodsfor the predictionof sheetand developedtip
vortex cavitation, within nonlinearcavity theory will be summarizedandsomecomparisonsvith
experimentswill bepresented.

2 3-D HYDROFOIL

2.1 Formulation

Considemow a 3-D hydrofoil which is subjectto a uniform inflow U,, asshovnin Fig. 1. The

cavity surfaceis denotedwith S¢, the wettedhydrofoil surfacewith Sy, s, andthe trailing wake

surfacewith Sy, . Thetotalflow velocityfield q(z, v, z), canbewrittenin termsof the perturbation
potential,¢(z, y, z), asfollows:

q(z,y,2) = Uss + V(2. 9, 2). 1)

In thenext four sectionghe necessargquationsandconditionsfor determinings(z, y, z), aswell
asthe cavity planformandshapeareoutlined. Only the non-linearcavity solutionis described.
Referencesn linearizedapproachebave beengivenin theintroduction.

211 TheGreen'sformula

As in the caseof 2-D hydrofoil Greens third identity rendersthe following integral equationfor
¢(z,y,2):

0G 0 0G
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SwsUSc 377, an Sw 87’L
n is theunit vectornormalto thefoil wettedsurface,thecavity surfaceor thewake surface;A¢ is
thepotentialjump acrosghewake sheetG = 1/ R is theGreensfunction,whereR is thedistance

betweera point P andthe point of integrationalongthefoil andcavity surface.

2np =
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In the caseof partial cavitation thetrailing wake, Sy, is treatedthe sameway asin the caseof
fully wettedflows (Morino andKuo,1974).In otherwordsA ¢y is only afunctionof thespanwise
locationy, givenas:

—Ug -n; on Syg (3)

Adw (y) = o7 (y) — 7 (y) =T(y) (4)

where¢; (y) and¢ (y) arethe valuesof the potentialat the upper(suctionside)andlower (pres-
sureside)foil trailing edge respectirely. Thedifferencen thosepotentialgs alsoequalto thecir-
culationI” ata spanwisdocationy. In recentyearswe applytheiterative pressuréuttacondition
at thetrailing edge(KinnasandHsin, 1992),in which A¢y is determinedrom the requirement
thatthe pressurgump acrosghetrailing edgeis equalto zeroeverywherealongthe span.
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