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NoNLNVEAR FREE-SURFACE ConpITION

® (X,¥,2) : EARTH FIXED CoOORDINATE SYSTEM

X | FIXeD EVLERIAN VECTOR
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\/ ! FLOwW VELOCITY VECTOR AT X
T FREE SURFACE BLE VATION

@ ASSUME |DEAL FLUID (NO SHEAR STRESSES) AND
| RRSTATIONAL FLOW -
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W HERE CPC?;'H 1§ THE VELOCITY PITENT 1AL
ASSVMED SUFFICIENTLY CONTIN UoUS LY DIFFERENT ABKL

@ POTENTIAL FLOW MOPEL OF SURFACE WA VE
PROPAGATION AND WAVE- BODY INTERACTIONS

VERY AQCQURATE . FEW MPORTANT EXCEPTIONS guiLL
BE NOSTED
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® CoMNSERVATION OF ULINEAR MO MENTU M .
EuULER s EuATION IN THE ABSENVCE OF VIScosiTy
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=+ (Vo) V= - '{; 7p g
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GA = _&43 * ACOE LERATION ©oF GRAWVITY

\a UNIT VECToR POINTING 1N THE
. POS\TIVE Z- BIRECTION
Q: WATER PensITY

® VECToR IDENTITY :
(T-9)V = 4 T(T0)=- NV x (V)
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IN IRROTATIONAL FLow: U xv =0 , THOLS

EULER'S EQUATIONS BEWME :
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Note: U=k , N = »ng
UPON SUBSTITUTION:
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BERNOULLI'S EuATION FoLLowS :

0d )l gb.Vb +p 492 = €
'at%z ¢ e ?e J
()<
_ dd
’%- - -1 T.vp-9% + C

FTHE VALUE OF THE CONSTANT @€ IS IMMATERIAL
AS witL BE SHOWN BELOW.

® ANGULAR MOMENTUM CONSERVATIEN PRIV PE

CONTAINED IN ! B
IxV =0O

- PA RTICLES ARE MOPELED As SPHE EES‘} A BovE
EQUATION IMPUES NO ANGUIAR veLoTY AT ALLTIMES



D ERIVATION OF NONLINEAR FREE- SURFACE

ConNPITION
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sV =T THE MATHEMATICAL FUNCTION

Zz~ S(x,vE)= T (x,y, 2, t)
1S ALWAYS 2ERO WHEM TRACIWG A FLup
CPALTICLE ON THE FREE SUYRFACE-. SO THE
SUBSTANTIAL OR To TAL DERIVATIVE O ?
MVUST VANISH , THUS

OF o (2, »
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KINEMATIC FREE -SURFACE
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FroM BERNOULLU'S EQUATION WE ©OBTAIN THE
DYNAMIC FREE SURFACE CoNDITION:!
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- — + 3 VT gT = C-Tof ) 2aT
_ {DYNAM!C FREE- SURFACE
CoupITION

CoONSTANTS 1N BE&NOULLI'S EDPVATION MAY
RE SET EQuAL TO 2ERO WHEN WE ARE
EVENTUALLY (&JTE RESTED IV INTEGRA 'TMUQ'
PRESSURES OVER CLOSED OR opPenN OUN PARIES

( FLoATING BR SUBMERGED BOPIES)TO OB TAW
FOECES & MOMENTS, THIS FOLlows Froy
A SIMPLE APPLICATION OF ONE OF THE
TWO QAYVSS VECToR THEOREMS WE

WILL LSE A LT 1N THIS CovRSE »
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NOTE THE THREE SCALAR |DENTITIES THAT FOLLOW™S
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DEFINITION OF FORCE X MOMEBNT IN TERCMS
OF FtulD PRE sSURE
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\T FolLLowS FROM GAUVL T THAT (F O = &
THE FORCE AND MOMENT OVER A CLoSED BOUVDARY
S VANISH PENTICALLY., HENCE WITH oIl LOSS

OF GENERALITY (N -THE CopsTeXT oF WAVE

RODY |NTERACTIONS wWE WILL seT € =O.

\'T FoLLows THAT THE DYNAMIC FREE
SURFACE CONDITION TAEKES THE TORM

—S’(x,v,’c)r—% {%_i’ L 0. vd{



petTHen I

WHEN TRACING A FLUID PARTICLE ON THE
FREE SURFACE THE HYD RODY MAMILC
?2689026 GIVEN BY BE—KMOUW ( AFTER THE

ConSTANT € HAS BEEN SET E®@UAL TO ZERG )
MUST VANISH AS wE Ftouow THE PARTICUS!

% _%Ei,ﬁ_évq,.vcwgz% =0, 2=5
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TS CONDITION ALSO FollowsS DLPON EUMI NATION
o C FRoM THE KINEMATIC X PYWNAMIC
ConBITIONS DERIVED UNDER METHoD T,

TUI1S Co™d PLETES THE STATE MENT - THE

NOMNUINEAR BOUNDARY VALUE PROBLEM
SATISFIED BY S\)RFAQ; WAVES oF LARGE
AMPLTUPE 1IN PSTEANSTIAL FLow AnD 1w
THE ABSENCE OF WAVE BREAKIVEG.





