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Y’ 2’ LOLAL VIEW OF KELVIN WAKE
 CONSISTS APPROXIMATELY OF A
. PLANE PROGRESSWE WAVE GROVP

PROPAGATING 1N DIRECTION &.__

AS N OTED ARSVE SURFACE WAVE SYSTEM S OF
GEN ERAL FoR M ALWAYS CoNSIST OF COMBINATIONS
OF PLANE PROGRESSI\WE WWAVES oOF DhAFFEREMT
FREQUEN CIES AND O IRECTIONS. THE SAME

MopEL WILL APPLy TO THE SHipP KELVIN WAELE.

RELATIVE TO THE EBARTH FRAME ,THE LOoCAL
PLANE PROGRESSIVE WAVE TAKES THE TORM '
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RELATIVE TO THE SHIP FRAME:
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BUT RELATINE TO THE S HIP FRAME LOAVES
ARE STATIONARY, SO WE MUST HAVE :
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K
@ THE PHASE VELOCITY OF THE WAVES IN THE

KELVIN WAYE PROPAGATING IN O)RccTion
\Vi MPST BE EQvAL TO Ucesd > OTHERwW )SE
THEY CANNOT BESTATIONARY RELATIVE “TO
THE SH P,

@ RELATWE TO THE EARTH SYSTEM THE

FREWWUENCY OF A LOCAL SYSTEM PROPAGATINVG
\N DIRECTIon & 1S Glven BY THE RELATION

w: kUCOSS’



RELATIVE TO THE BARTH SYSTEM THE
DEEP WATER DISPERSION RELATION STATES:
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THIS IS THE WANVELENATH OF WAVES (N A

= Al9) =

VELUIV WAEE PROPAGATING IN DIRECTION &

AND BEING STATION ARY RELATIVE TO THE

SHIP. —

An OBSERVER S\TTINVG ON AN BEALRTH FIXED
FRAME ORSERVES A LOCAL WAVE SYSTEM

PRoPAGATING IN DIRECTION © TRAVELLI N ¢

AT (TS GROULP vELLUTY gi\u_?_’ BY ViIRTUE
| die

OF THE RAVLEIGH DEVICE WHICHSTATES
THAT WE NEED To FocLS oN THE SPEEP OF

THE ENERGY DENSITY (MWAVE AM PLTUDE )
RATHER THAN THE SPEEC OF LVAVE CRESTS /



So, RELATIVE TO THE EARTH FIXED
INCLINED COOEPQINATE sYsTEM (Xx/,v"):
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AND THE RANLEIGH CoaNvOITIowN For THE

VELOQTY OF THE GROUP TAKES THE FOBM *
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BY VIRTUE OF THE Di1sPeRSION PELATION

DERIWED ABOVE!
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\"T FoLtows FRoM THE CHAIN RULE OF

DIFFERENTIA TION TWAT RANMLE(GH'S C(onDITiow
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WHICH ARE LOCAL(Y CBSERVED BY AN OBSERVER

AT Tde BEACH.

© So THE WiIstBle " WAVES IN THE WAKE
OF A SHIP ARE WAVE GRoUPS wWHICH MUCT

TrAveEL AT THE LOCAL GROOP VELOCITY ,
THESE CONDITIENS TRANSLATE INT7TO THE
ABOVE EQUATICN OHICH Wit BE SocvED
AND DISCUSSED NEXT. MORE DIlSCcusSsionN
AND A MORE MATHEMA TicAaL DERIV ATioM
BASED ON THE PERINCUPLE OF STATION ARY

Prase MAY BE Foun®D /N MH. -

TRE SolvTiion OF THE ABGVE EwuATION
W ILL PRODUCE A RELPTIon BETWEEN
/Y/x AND B, So LocaL WAVES (v A EELUNV

WAEKE CAN ONLY PROPAGATE IN A CERTAIN
PrgecTiod &, Given V/X . —



SIMPLE ALGEBRA LEADS TO:
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AN GICAPH | CAL FORM *
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® Vyi(8) IS ANTI-SYMMETRIC ABNT D=0
SEAcH PART CoRRESPONDS TO THE KELVIN
WAKE IN THE PoRT AND STARBOARD SIPES
OF THE VESSEL., THE PHYSICS oW EITHER

SIDE 1S 1DEWTICAL PVE TD S7 MME TRY,

L) G =0 = WAVES PROPAGATING [NV THE
SAME DIReCTION AS THE SHIP,

THESE WAVES CAN ONLY EXIST
AT Y=0 AS SEEM AROVE



®© G- - WAUES PROPAGATING AT AQo°
2
ANGLE RECATIVE TO THE S 1P
DIRECTION O0F FORWARD TRANSLATION

© C= 350!6,;’ WAVES PROPAGRTING AT AN
‘ ANGLE 35°%16' RECATIVE TO THE
SHIP AXIS . THESE ARE WAVES
SEEN AT THE CRYVSTICc OF THE
kEtviv WAEKE,

LET THE SoLuTion of THE 75c(8) BE

OF THE TORM, WWHEN IN vERTED

-

REClon T 2 ©= L, (77><)
REClon T ®

O = ?2.()//?()

NOTE THaT OBSERVABLE tonpves CANNOT

EX\ST For VALuEs OF V/x THAT &xcesp
THe vALus SHOWN IN THE Ficu RE Or

_3
7/><)HAX= 2 /2. THIS TRANSLATES |™To

A VALVE Fop THE CORRESPONDINVG ANGLE

EQUAL TO 19° 28" WHICH 1T THE AnNsee
OF THE cCAUSTIC For ANy SPEED U °




THE CRESTS OF THE WAVE SYSTEM TRAILIVG
A SHP , THE EELVIN WAKE, ARE CURVES OF

CoNSTANT PHASE OFR $
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PLOTTING THESE CLRUES WE ORTAIN A VISUAL
GRAPH OF THE TEAN?VEEZSE" AVD “DwERLE LT
WANE SISTEMS IN THE KELVIN WAYXE.
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TRANSVERSE :
WAVES % =G, Yx)=€Coe—



