SECoOUD-0ORDERP WAVE EFFECTS

® LIWEAR THEORY IS AVERY POWERFUL AND
VSEFUL MEANS OF MODELING THE RESPONSES

OF FLOATING BODIES IN REQUILAR AND
RANGOM WAVES. YET, FOR CERTAIN TYPES
OF FLOATING STRUCTURES AND CERTALIN
TYPES ©OF EFFECTS NONUN BAR EXTENSION S
AZE NECESSARY

® MEAN D&1FT FORCER IN REGULULAR WAVES
DO NOT REQUIRE AN AcCcovuT OfF NOVLLUIVEAR

E-FFECTS. HOWEBVER, THE DEFIM(TION OF
THE QVADRATICALY NONLINEAR Slotw — DRIFT
EXCITATIoN FORCE IN A SEASTATE PECRUIRES

A SEcOVD-© ROERTHEORY IV PRIVOIPLE

® TENSION —LEG PATFoRMS THAT OPERATE
IN LARGE wA‘TEE DEPTHS FOR THE EXPLORATION
AND EXTRACTIONOF HY DROCARBONS O FFSHo RE
O ETEN UNDERGO RESONANT [AEAVE O SCIlLLATIOWVS
GO 1T PERIO DS OF A FEW SECONDS O WICH CAN

oniy BE EXATED BY NONLINEAR WAVE

EFFECTS, THEIR TREATMENT REQUIRES A

SECOND-ORDER THEORY AvD PEPHAPS A MORE
EXACT TREATHENT,



SECOND-ORDER FREE SURFACE ConN DITION

THE SECOND-ORDER FREE SURFACE CoN DI TION
OF FREE WAVES WAS DEBRIVED EARLIER (N THE

Foem:
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KINEMATIC ConDITION®
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DYNAMIC ConDITION®
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AT SOME FIXED POWT I N THE FLUID DOMAIN

L V404,

ASSOMING THAT THE LINEAR SOLUTION |3 KN owN

AND ELIMINATING S, FRoM THE KINEHATIC
CONDITION, WE OB TAIN THE IRORE FAMILUAR FoRrM;
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@ THE SOLUTION OoF THE ABOVE ROUNDA RY—VALVE
PROBLEM 1S AVAILABLE IN CLOSED FORM W HEN
THE LINBAR POTERTIAL &, IS THE 1 NEAR

SUPERPOSITION OF REGULAR PLANE PR DG RESSIVE
WAVES

@ VERY USEFUL INSICHTS FOLLOW FROM THIS
| SO0LVUTION EVEN IN THE ABSENCE OF FLOATING
BonIES.

@ THE STATEMENT OF THE SECOND-ORPER
PROBLEM WHEN A BoDY 153 PRESENT RECQU I RES
THE DERIVATION OF A SECOND-ORPER So BY
BOUNDCARY COMNDITION WHICH 1S INVOLUED.
THE SotUTIon OF THE SECOND-0RDER ) AVE
BoOY INTERACTION .P ROBLEM 1S ONLY POSSIBLE

WUMERICALLY AND (T I[N GENERAL A COH PLEX
TIME CONSOM NG TASK.



S EcoND -ORDER BI-CHROMATIC WAVE THEORY

@ THE FORANG [N THE RIGHT-HAND SIDE OF
THE SECOND ORDER FREE SURFACE CON D1TION

(S A QUADRATIC FunCTion OF THE LINEAR

SOLUTION. HENCE, 1F THE LINEAR PRRO BLEK
1S WR\TTEN AS THE SuH OF MONOCHEROMATIC

CIAVE COU PONENTS , THE TREATHE NT ©F THE

MosT QENERAL SEOND ORDER PROR LEM
CAn BE AcCecow PLISHED Ry TREATING THE

SEconuD~0 RDER FREE-SURFACE CoN PITION BY
A B|-cHROMATIC DISTURBANCE (VERIFY)

THE ABOVE ConNcLuSioN (S ANALOGOUS TO THE

Followt!vue [DEVTITY!
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SDH FR Ecv ENLY PIFFERENLE- FRECQ VENLY
COMPONE VT Cowm PONENT

® [T FoLlowd THAT THE FoRUNG AND HENLE THE
SOLUTION OF THE SECOND-ORPER PlCOBLEM (S
THE LINEAR SVPERPOSITIONOF A SOUM AND
A DIFFERENCE-FREAQUENLY COMPO NENTS o —



® THE VELODATY PoTENTIAL O F A Sirectionar
SEASTATE REPRESENTED RY THE LiINEAR

SUPERPOSITIGN OF PLANE Prog rESSIVE woAvES

OF VARIOUS FREQUENCIES AND WAVE [HEADINGS
TAKES THE FAMILIAR FoemM e

19 A m Y 2-1V, *cosOy, ~V, Ystn &,
o o 1wt +rd,
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WHERE THE SUMMATIONS ARE 0VER A SUFFICIENTLY
LARCE NUM BER OF WAVE FRERVEN CIES W, AND
WAVE HEADINGS By, NECESSARN TO CHA RACTERIRE
THe AMBILIENT SEASTATE

® THE PHASE ANGLES Gy, ARE SAMPLED FROW

THE UNLFORM DISTERIBUTIoN OVER (-7, U] AND
THE WAVE AMPULITUPES ALy ATE CHO SEN

TO CoNFORM TO THE AMBIENT WAVE SPE CTRUNM .

® Aum MAY BE SELECTED To BE PETERMIN|STIC
OR MAY BE DRAWN FlROM A RANLEIGH ©ISTRI BUTron
INDEPENDENTLY Frow THE PHASE ANGLE ¢y,
THE LATTER CHOICE HAS BEEN FOUND TO B¢

SUPERIOR IN PIRACTICE WHEBEN LOPIG RECORDS
ARE NEEPED WITH VERY LOWG PERIODIZITY .



U PON SURSTITUTION OF &, InTo THE RIGHT-
HAND SIDE OF THE SECOND-0FD ER FHREE
SURFACE CON P1TION § SUM= AND DI FFERRENV(E -

FREVENCY TERMS ARISEAS ILLUSTRATED ABOVE.

WE THEREFORE DEFINE THE Y ET UNKNOWN
SECOND-~OROER POTENTIAL AS folLows:

(0, + W) t
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e SO THE PRINCPAL TASKOF SEcOND-OEPER
ThwEo Y N THE ABSENCEOF FLOATING Bop |ES
1S To DETERMINE THE COM PLEX SECON D-ORDER

P UTEVTIALS LP;' AND (0

THEY SATISPY SEND—OBDER FREE-SURFACE
CONDITIONS STATED BELowl. USE (S HADE ofF

Tue FolLlowin G [DEMTITY SATISFIED BY REGOAR
PLANE PROGRESSIVE WAVE COMPONENMTS *
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MAKING VSE OF THE AROVE 'DENTITY | T IS
EASY TO SHow THAT:
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WHERE (@, - AND ,, ARE THE COMPLEX

VELOQITY PUTENTIALS OF THE REQULAR PLANE
PROGRESSIVE WANES THE AMBIENT SEASTATE
CoNSISTS OF. ~

" |
(T FoLLowS THAT LQz EACH DEPEND ON

4 |WDICES ; Two FoR THE FRERUENCIES
(O, X We ANO TWo FOR THE RESPECTIVE
HeApINGS Cm AND Bo . —

® THE SOLUTION OF THE ARODUE FORCED FREE
SVRFACE PROBLEMS TOGETHER WITH VZLp:=c>

IN THE FLUID DOMAIN, 1S ASTRAIGHT FORW ARD
EXERCISE N FOURIER THEORY C LEFT AS AN
EXERCISE) . THE SeLUTIONS Fop (% aece:
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THE REAL SECOND-ORDPER PUTENTIAL foutows
BY QUADRBUPLE SUMHATION OUVER ALL PAI RS

Vi SinBn, T Ve s5in 9, . _

)

OF FREQUENCIES AND WAUE HEA DINGS AND

IS NOT STATED HERE . —

A NUMBER OF SPECIAL CASES ARE NOTEWO RTHY

")
TO PISCLSS SINCE THEY CONVUEY THE NEw
PHYSICS INTRO POCED BY THE SECONP-ORPER

PotevTIALS .
Y ALL EFFECTS DISCUSSED BELOWARE ADDITIVE

TO THE UNEAR SO LuTiION BY VIRTUE O F
PerTURBATION THEORY ANP OF O (A, Ag)=0 (A2)
AN W DEPTH DISCUSSI1ON OF PERTURBATION THEORY

LTS EXTENVSI10NS AND Y MITATIONS | M DEEP AND
SHALLOW W ATERS }S PRESENTED IN MEl —~



SPE=CIAL CASES

P 9m:8h=9 e UNIDIRECTIOINAL WANVES
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o VERIFY THAT INTI #2773 -

o IN THE LIMIT Wy =Wy VERIFY THAT (Q,?:-‘.'_-:Q

S© THE sBconn -ORDEE poteEnTIAL IS I DENVNTICALLY
2 ERO IN UNIDIRECTIONAL WAVESOF THE SAME
FRELVENLY.

e VE RIEY THAT THIS IS NOT HOWEVERTHE CASE
FoR THE SECOND-ORDER WAVE ELEVATION AND
SECOND~0ROER PRESSURE.

e DERIUE AS AU EXERCISE THE SECOND-0 ROER
WAV E ELEVATION WHEN Wye=We= W AVD
SHew THAT 1T CONJTRIB UTES A CO RRECTIGEN TTO

THE LINEAR SINLIOILAL SowTIoN WHICH PRODVCES
MORE STEEPNESS AT THE CRESTS AND LESS AT T RMVUGHS . ~



o CAREYING THE PERTORBATION SOLUTION WHEN
We=We=t TO ARBIRTRARILY RHICH ORDER
[ 17T HAS BEEN APPULIED NUMEBICALLY wiTH
OVER 1o TerMS!) THE FAMOUS So LUTION

BY $To KES IS RECODVERED ¢
2
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H
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STOKES WAVES oF LIMITING STEEPNESS

THE CRESTSIN THE LiMIT BEWHE CUSPED WITH
AN EncLOSED ANGLE OF (269 AND THE
LIMITING VALVE OF THE H /) RATte 1S
ABoyT /7,

Se Toe THE EXTEWNT THAT PERIODIC WAVES
OF THIS Fo R CAN RE CREATED OR © RBSERVED
THESE LIMITING PEOPERTIES ARRE USEFUL TO

REMEMBER AND KNOW THEY CAN BE OR TAINED
BY PERTURGA TION THEORY (ASwELL. )

WHEN STOKES WAVES ARE REFLECTED O FF A
UALL THE LIMITING ENCLOSED ANGLE 1 s qg'—"

.M

STANDING
“TOXES
o AVES
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@ S+t =0,0

IN THIS CASE WE HAVE Two WAVES PRo PAGATING

InJ O PPOSITE DIRECTIONS .

| T CAN BE SHOWN THAT NOW:

(Q;;—:O

YET THE CORRESPONDING COMPONENTS © F THE
WAVE ELEVATION AND PRESSURE ARE AGAIN

NowN-2ERO,

THE SuM-—FRERVENCY POTENTIAL SECO HES:
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A NUTE WO RTHY PROPERTY OF LQ; (S T HAT
WHEN Wy = We, o N =0, THE VELCATY

DT TIAL AND THE TERW [N THE SE@N D
OROER HYDROOYNAMIC PRESSURE P RO PORTIONAL

To Dbs/3t, DsES NGT ATTEN 0 ATE 01 TH DEPTH!



THIS IS A NOMUNEAR WAVE PRO PERTY WHEN
WAVES PR o PAGATE IN OPPOS\TE DIRECTIONS AND

HAS BEEN MEASURED IN OCEAN PRESSUVRE FIELDS
AT LARGE DEPTHS. IT HAS BEEN CONSIDEVED
DESPONSIBLE oF MICRoeSEISMS ON THE OCEAN

FLooR.
THIS LACK OF ATTENUATION OF THE HYB RO DYNAMIC

SEcoND -OPDER PRESSORE ALSO ARISES WHEN
DIFF{ZACTlo'mfo ccuorS OFF LABGE VOLUVHE FLOATMG

DULATFORMS , LIKE Tiplc. THE PoSSIBLE RESOLT

IS A LARGE EnNOCVGH HIGH- FRECUENCY Ex 1 TATUON

(N HEAVE & P1TCH wHiCH COULD CONTEIBVTE

APPRECIABLY TO THE RESONANT RESPCONSES

OF TLP TETHERS,

IN ORDER TO ASSESS THE FULL EFfEdT OF
SECOND- 0 ROER NONU NEARITIES ON FLOATING
PLATFORMS (AND CERTAIN LARGE SHIPS THAT

MAY UNERGO FLEXUDRAL VIBRATIONS) THE
COMPLETE SotuTioN OF THE SUM-FkEQRUENCY
ScconD-0 PDER PROBLEM 1S NECESSARY.

IN RANDOM WAVES , LT IS AtSo BELIEVED THAT
THE THIRD-ORPER SOTION IS NECESSARY » THIS

BEING A FoeM IDABLE TASK, FULLY NON LI NCAR
SOWTIONS MAY BE APPROPE)ATE. —





