NOMLINEAR EFFECTS

SO ME OF THE MOST IMPORTANT NONLINEAR EFFECTS
ARISING IN CONNECT(ON COUTH WAVE—~RBOPY

INTERACTIONS ARE

@ DRIFT FORCES . THETARE THE MEAN
FORCES EXERTED ON FLOATING oR
SUBMERGED BoPLIES BY AMBIENT W AVES
MAY BE TREATED VERY wWBELL 3Y
PERTuEB ATION THEORY

® SLAMMING. THESE ARE HIGHLY
NONULINEAR EFFECTS ALISING WOHEN
A SH1ip SECTIOoN (M ALTS vLPON THE
WATERE SOR FACE OR (WHEN A STEEP
OR BREAKING WAVE IMPINGES U Pap
A FoATING STRVUCTORE. MAY BE
MoDELED BRY FuolLY oR PARTIALLY

MONLINE AR POTEANSTIAL FLOW MOPELS

OF ANAWYTICAL oR NUMERICAL NVATURE

® forces DUE TO VISCeus Flow
SEPARATION AROUND FWATING



S TROCTURES AND THEIR SUBSYSTEMS, E.C
RISERS , HOD RING LUNES ETC. VO RTEX
[NOUVCED VIB RATIONS (\VIV) 13 AN IMPORTANT
EXYAMPLE. SUCH EFFECTS CAN BE TREATED
EXPERIMENTALLY ANVD COMPUTATION A LLY

BY SotlvinNG THE NAVIER-STONKES
EQuUATIienS

NONLINEAR SHIP MO TIONS IN STECP

WAVES. THESE EFFECTS ARE MOSTLY OF

POTENTIAL- FLow™ MATURE AND ARE BEING

TREATED BY NONLINEAR RANKINE PANEL
METHoDS., THE PRIMARY NON LINEARITY

IS THE VARIAGLE WE TNESSOF THE SHIP
HouLL R THE NONULINEARITY OFTHE EINEMATICS
OF AMBIENT WA VES AND THE NGMERICAL

S oluTion 68 THE EQUATIONS 0 M 8TIowW (N
THE TIME DOMAIN

NONLINEAR CESPOWNSES OF PEEP LWARTER

O TFSHO RE PLATFORMS (N CERTAIN FLEXURAL
MOPDES OF THEIR TETHERS. THESE EFFETS
Af&é KnNow N AS SPRINGING X RIN GING AND

ARE TR EAYED BY A COMBINATIOV OF

PERTOEBATION AND NONUNEAR METHoDRS AVD
EXPERIMENTS o —



DRIET FORCES

@ DRIFT FoRCES WILL FIRST BE CONSIDERED
IV REQULAR WAVES, THE MAIN RESULTS

UL THEN BE EXTENDEDL IN EANDOM
‘WANES

® OWNE VERY IMPORTANT PROPERTY OF ORIFT
FORCES OCTHER THAN THER PRrRACTICAL

SIG@NMIFICANCE (8 THAT THEY DEP&ND ONLY
ON THE LIWEAR SO LUTt(on

—» MEAN DRIFT FORCE OM A VERTICAL WALL,
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® NOMLINEAR HYPRODPYNAMIC PRESSURE:
Y 1
p (§4 L 06-0¢ +92)
® NONLINEAR HORI2ZONTAL FORCE ON THE WALL!
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© WE NEED TO EVALODATE K, correct To O (AZ%)
NOTtNG THAT THE MEAN TIME VALUE OF EFF&CTS

OF OCA) WHICH ARE ULINEAR, |S ZERO.

ASSUME A PszTUfaBA'TIOM E XPANSION FOR b :

C(J C(j c%z"‘chg oo

oc,a.) A’- A3
D HERE THE POTEUTIAL PERIVED EABRUER S THE
LINEAR TEEM DENCTED AROVE BY c#’ .

@ |V EVALUATING THE LEADING ORDER EFFECT

INTHE MEAN HORIZOMTAL FORCE WE D POP TERPMS

WITH 2ERO0 MEAN VALUES OR OF OFPER A?’ AND

HIGCHER. GWE NJTE WITHoT FPRoo F THAT

b,
P (&) =Q




THE TO7AL HORIZOMTAL FORCE Fy ALSO ACLEFTS

THE ExXPANS!IoON:

e = & + 2 ¢ H o+ ‘- -
O(A) OCA?) O(A3)

§ pde-= “?i ?{;d% = OCA)
t
F,te) = 0 (vERIFY)
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g P, d2 + S'ﬁclz = O(A%)

W\TH ERRORS OF O(AB) THE LAST INTEGRAL
MAY BE APPROXIMATED BY TAYLOR BXPANDING
ARBoVT 2=© THE F1@ST TERM ANLD BY DIRECT

| NTEGRATION OF THE SECOMUD. 1T FOLLOWS THAT!

(o] 2=0



COLLECTING TEEMS:
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+L pg SE) + O(A3)
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"THE MEAN TIME VALUE OF ?5‘#2/‘3{: =0 For ANy

STATIONARY SIGNAL ¢, (+), SO THE SECOND —
OROER POTENTIAL DOES NOT CONTEI BVTE To
THE MEAN Dﬁ!F' FORCE AS STATED ABOVE’

o

OF THE REMAINING TWOo TERMS THE QUADRATIC

BERNOULLLL TTERM CONTRIBUTES A SUCTIoN FORCE

GHieH 1S YPurLung” THE WALL (UTo THE

WAvE ( CoONTERINTULUITIVE BUT Teve! ) wHiLe

THE LAST TeEerm 1S ALwAYS POSITIVE PUSHING
TWHE WALLIN THE DICECT tonNn OF THE W AUE

As EXPECTED

® I'T FolLLowS THAT ALt of THE MEAN DRIFT

b ReE ARISES FroM THE PRESSURE I NJTEG RATION
OVER THE SURF-ZONE W HICH 1S MoRE THAN ENVODVGH
TO OVERCOME THE SULCTION Fo RCE .



O Pon SUBSTITUTION OF THE LINEAR VELO A TY
POTEMNTIAL DERIWED ABOVE ANP UST OF THE

FAMILI AR \DENTITY

Re (Aei™t) Re(Azeivt) = = Bo A A,
IT Is CAsY TO VERIFY!
__+ °
E, = 2p3A + OCa3)

5o THE MEAN HOo RI2ONTAL FORCE ON A
VERTICAL WALL OF INFIN(TE DRAFT BY A
PLANE PROGRESSWE WAVE HAS A FIN(TE MEAN

VALVE A~V A2

\F THE PLANE REGUWAR WAVE (S INCIDENT

AT AN ANGLE THE MEAN Hoftl 200 TAL FORLE MAY

Y BE SHowwn ToO TAEKE
N % THE VALULE:®
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(N SPUTE 0F THEIR SIMPLICITY THE ABOVE RESOITS
HAVE A NUMBER OF USEFUL APPLICATIONS 10
PrvAeTice WHEN WAVES THAT ARE S UFFICIENTLY

SHORT \WTERACT WITH FOATING STRUCTURES,

SOME EXAMPLES FoLLow
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g/z é‘T = 9(7—/2_ DSHIIP WITH WALL
SIDEO GEOMETRY
ACTS LIKE A WALL

e FTOR A BARGCE LIKE SHIP WITH LENGTH [

THE MEAN SWAY PRIFT FoRCE v REASONABLY
S HoRT WAVES IS APPROXI MATELY GIVEN BY:

—

Fy

J. ExTenD THE ABOVE RESOLT W HEN THE SHIP
HuLL SECTlon HAS FLARE WITH StofPE .

v $p3a L




@ SHoRT WAVES INCIDENT UPON A SHP AT AN

ANGLE ARE LOCALLY REFLECTED AS \F THEY
ENCOUNTER N CONTINVOM OF VERTICAL WALLS

IWCLINED AT VARYING ANGLES. WE CAN THUS

APPLY THE RESUUT DERWED AROVE.

@ OVNLY PART OF THE SHIP LOATERLINE wWiLL
EN COUNTER WAVES. THIS REGION 1S BOLDFACED

ARBOVE AND CAN BE DETERMINED BY A SIMHPLE
GEOMETRICAL ARGUMEVT. DENJTE THIS PolRTton
OF THE SHIP wWATERULINE BY VT, 1T (S EAsy

TO Suow THAT THE MEAN DRIFT FORCE IN

Tue (x,y) DIRECTIONS IS GIVEN [3Y
A

S AR B E N LR G
- I

J (veRIFr)

THIS RESULT IS ENOWN AS RAY THEORY. —



4-. COusIDER A VERTICAL CIRCULCAR CYLINDER
PIERCING THE FREE SurFAcCE AND SHoeT

WAVES INCIDENT LPON 1T
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USE THE RESULT FromM RAY THEORY STATED
ABOVE TO SHouw> THAT THE MEAN DRIFT ForcE
In THE x~DHZECT!ON 1S QIVEN BY:

Sg—y

Fx= %egAlRo—

5. (T (3 POSSIBLE To EXTEVD RAY THEORY W ITH
LI\TTE ADDITIONAL COUPLEXITY TO THE CASE

WHERE THE VESSEL A DVAVCES OGITH A
MoDERATE FORWARD SPEED. (see OHF)

e =v )




DRI\FT FfoRCES BY PRESSURE INTEGCRATION

® N THE MORE GENERAL CASE ofF 2 ORFACE

WAVES INTERACTING WITH FLOATING RO DIES
OSC\LLAT(NG DUOE TO THE AMBIENT wAuEs, A
MORE GENERAL EXPRESSION MAY BE DERMVED
BY DIRECTLY INTEGRATING THE PrRESSLRE

OVER THE [NSTANTANEOSS POSITION OofF THE

VESSEL WETTED SURFACE AVD LINEARI 240G

ABOUT TS MEAN POSITION KEEPING CON SISTENTLY

TERMS ©F O (AZ) THE L.XP!ZESS‘!ON IS NUT QIVEN
HERE For SIMLICITY. —
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OPR\FT FORCES BY MOHMENTUM CONSELVATION

@ | T (S PosstRLE TO DERWE AN EXPRESSION Fol
THE MEAN DRIFT Force BY APPLYING THE
MOHENTUM CON SER\/AT(@N PRINCIPLE PERIVED
EARLIER. THIS APPROACH PROVIPES AN
EXPRESSIiON FOR THE PRIFT FORCE IN TERMS
OF THE WAVE SYSTEMS [N THE FAR F | ELD
AND CAN BE SHowN TO PROPLIE THEORETICALLY
AN [DENTICAL RESLLT TO THAT OB TAINED FRoM
YHE CONSIDERARLY MORE ELARCECATE TASE

OF USING NEAR- FIELD PRESSORE INTEGRATION

@ THe FuLL THREE —DIMENSIONAL RESULT wwilLL
NOT BE PRESE NTED HERE  AS FOR THE PRESSURE
INTEGRATION, AND CAN BE FOsND IN THE
REFERENCES CLTED IN OMF AUD W RL. (T IS
NOTED THAT )T IS NUMERICALLY SUPERIOR

TO PRESSULRE INTEGRATION AND 13 OoFTEN
PREFERED (N PRACTICE

o BELOW WE PROVE FRo FIRST PRINC) PLES
THE RESOLT IN TWo DIMENSIloNS WHICH (S

TSELF QuITE LSEFLL IN PRACTIeE AND
EOVCATIoNAL, — |



,HEAKJ ODRIFT FORCE ON A FLOATING 2D BoDY

Al AT

® AMBIENMT KEGULA(Z WAVES (NTH AMPLITUPE A
ARE INCIDENT ON A FLOAT/ING BODY 1w 20 w HICH
(S ALLOwED TO OSCILLATE FREELY I HEAVE,
SwAY Avo ROoLL

As A RESvUTOF THE DIFFERACTION AND RADIATION
WANVE DISTIR BANCES, A REFLECTED PLANE
PRO GRESSVE WA VE WUITH CoMPLEX AMPL TUDE AT

APPEARS AT ¥X=-0D0 ouER A CONTROL SLRFACE
ST AND A PADIATED /O IFFRACTED WAVE W TH

AupLiTuoE AT APPEARS AT x=40 ovee ST

APPLYING THE MO MENTOM CONSERVATION
PRINCIPLE |N THE X~DIRECTION WITHIN THE
Votome \°(t) BouNOED BY ST+ ST3 Set) +54)
WE OBTAIN
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WHERE THE MOMENTUM CONSERVATION PRINUPLE
DERIWED EARLIER HAS BEEN APPUED. MEAN VALUES
IN TIME ARE TAKEN LEADING TO A VANISHING
MEAN VALLVE FOR THE MOMENTUM RATE OF CHANGE
WITHIN THE votLume N (t) , Fof FIXED s¥+ _

@ THE MEAN MOMENTUM FLUY ACROSS S}:(—L—) IS 2Eeo

@ (HE MEAN HMORIZONTAL MOMENTUM FLOUX ACEOGSS

—t
THE BeDY SECTION 1S THE DRIFT Ferce D = £,

@ THERE REMAINS TO EVALLATE THE INTEGRALS
oVvER ST WHICH ARE SURFACES FIXED IN SPACE
ANO THERETORE | Uw =0 o Si. RECALL THAT
J
\/ =V 1S TNE TOTAL FLUID VELOCITY AND P

IS QWEN BY THE BERNMOULL) ERQuATion

@ THE DEFINITION OF THE PtAneE PRoGrESSIVE
WANE FORMS DEFINED ABOVE W ILL BE INTROPULCED
AND AN ExPRESSloN wilL BE pERWED Fok

" ”

v TERMS oF A,AT, AT THE RESOLT 1S MI1LDLY
Svee BtsInG |



PEFINE THE VELOGUTY POTENT/ALS Fofe THE
PLAVE PROGRESSIVE WAVES DESCRIBED ABOVE:

(g A l:%-—i,kx-l—Iw{:z

P, = Re { 2
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UPON SUBSTITUNION 1VTo THE MoMeEUTwM RLUX
ExpRESSIoN DEFINED ABOYE AND AFTER SOME

SIMPLE ALGEBRA THAT HAS BEEN 1LLU STRA TEDP

EARLIER T Follows THAT:

_ 034 o AtFY B3 Sat AT
W = . (AT+ A ) — 2 |at] | }
Xx ConNTOGATE .

WHERE () DENCTES THE CoMPLE
NUTE THAT A 1S REAL AND AT ARE comMPLEX

QLVANTITIES.

ALSO NOTE THAT THE DeIFT FORCE AS STATED
ABOVE DDE3 NOT APPEAR TO DEPEND ON A
S INCE THE AMBIENT WAVE APPEARS AT

RUTH INFIMITIES,  TWE ABOUE EXPRESS (0N

SIMPLIFIES A toT BY INVOKING ENVERG Y
CONSERUATION.



@ THE Flow AROUND THE FLOATING RoDY IS
CONSERVATIVE 1F ViScous EEFECTS o
BREAKING WAVE EFFECTS ARE LGNORED. THE

FOR M ER ARE OFTEN PRESENT WHEN VORTICES
{A;zs SHED AROUNID CoRNERS OF THE BoDY,
RILOGE KEELS ETC. - INSVCH CASES THE
EXP ESSlonS BELOW MAY BE APPROXIHATELY
VALID OR INVALID.

& [N THE ARSENCE OF ENEPRY LOSSES THE
MEAN EVERGKY FLU X ACRoSS S MuUST Be
|OENTICAL TO THAT AcRess ST wiTHIn THE

LIMITATIONS oFf LINGAR THEORY 3

—» EnERGY FLuX AcCRosS sT:

2. - R
Pr- LegVe faratl (VG

—» ENERGY FLUX ACROSS ST 4

PT= Lpg Ve (1AI=1AT) (‘éii’&”)

EASY

PP =2



Al = [A*17'+ A+ AT
= A1+ LA 1AM S A A+ATT)
> A(AT+AT ) =— (1A A1)

©® THIS RELATION (RESTRICTION) VD PON THE W AVE

AMPLITUDES 1S THE RESULT 6 F ENERAKY Co NSERVATION.

OpPoN SOBRSTITUTION IN D 2
g ) a-12
O = s {3 lA— (7, _

THIC INTERESTIVG RESULT STATES THAT THE
MEAN DRIFT FORCE OWN A TWO -DIMENSIONAL

BopDY FREELY FLOATING IN AMBIENT REGULAR
W AVES (THAT SHEDS NO VORTICES J 1S \DENTLICALLY

EQUAL, ACCORPING TO LINEAR THEORY, To THE
ARBOVE EXPRESSION THAT DEPEND S aNLY ON

THE AMPUTUIOE OF THE RELELTED WAVE.

® \F THe AMPUTLUDE |AT|=0 THEW THE BODY
WILL EXPERIENCE 2ERO MEAN DRIFT Fopce]




SUBMERGED FIXED <lecle

A LA AT
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| T CaAn BE SHOWN THAT ASOBMERLED I XED
cipclE PoOES NOT !Z(-}L,Ec'rANY O F THE AMHBLENT

WANE DIS TU_QBANCE. o ENCE

KA—(;O => (\D—':O ,

E WE KNOW IN 2pb oR

Thts 1S THE ONLY CAS
T FORCE IS ZERO.

3D wHERE THE HEAN D&

LE THE C1BLLE 1S ALLOWEP T MOVE T HEN D >0

NOow OF NO OTHER SHAPE IN SP WITH

@ WC Kk
cwoRrTHY THAT

—HE SAME P @0 PERTY. LT 15 NOT

® |n PRACTICE THE CLot) OVER THE CIRCLE WILL
SEPARATE AND THE ABOVE REsvLT 1S NCT

VALID. SEE OMF Fof A DIScussionN OF

VIS CcousS EFRECTS AROUND B (LUFF BODIES, —



