OH1P MOTIONS WITH FORWARD SPEED

4

® SHIP ACVANCES IN THE POSITIVE X-DiRECTIoN
WITH CONSTAMT SPEED U

® REGULAR WAVES wITH ABSoLuTE FRERuENCY
Wo ANO DIRECTION B ARE INCIOEMT yPov THE

DHIP

@ THE SHIP UNDERGOES OSCLLLATORY MOTIONS [V
ALL SIx DEGREES oF FREENIM 3,0E), §=1,0006

@ T(HE SHIP SBAVKEEe VG PRoBLEM torLL BE
TREATED IN THE FREQUENMCY DOMAIN UVDER
THE ASSOMPTION OF LINEARTY -




® SHIP-HULL BOUNDARY CONDITION

THE RELEVANT RIGCID BovY VELOUTIES FOR A
SH1P TRANSLATING WOITH A CONSTANT FORwARD

VELOAUTY AND HEAVING AND PITCHING IV HEAD

WAVES ARE + -

L = UL 7 y  TForwARD SPecn

—

v ~ A

2_3(*3 = E‘%lﬂ le © HEAveE VELogty (PoSITIVE UP)

E-(ﬂ: § ({—33 y PITCH ANCUUAR VELOQIT Y
5 S
(PosITIVE | Boe DOwn)

LLET T (1) THE TIME-DEPENDENT UNMIT NORM AL

VECToR T THE (NSTANTANEOVUS PoStTIeNOF THE
w—
SWP HoLL . LET M, BE ITS VALUE WHEN THE

SHp 1S AT REST.

P THE BonY BOUN D«AEY C@NDI Tto N WILL Be DERIVED

FOR SMALL HcA\IE& P1TCH ROTIONS AND WILL BE
STATED oN THE MEAN POSITION ©F THE SHIP AT REST.




THE NONLINEAR BOUNDARY CON DITION ON THE
SxACT POSI1TIoN OF THE SHIP HoLe 1§

e .5

“oN

W RE

¢ = by + bo
U2 UT + K (5,-%5)

® THE UNSTEADY VELO CiTY POTENT AL ¢ Has

BECN WelTTeEN AS THE I NEAR SUPERPIOSITION
OF THE HEAVE AND PITCH COMPON ENTS. THE

TOTAL RIGID~BODY VELOQTY (S THE SUM OF
THE FORWARD VELOCITY AN THE LINEAR
VERTICAL VELOCITY DUE TO THE Sk tp HEAVE
AND PV TcH |

@® THE NORMHAL VECTCR ;Lt) (S DEFWED B8Y
- - - —
NI = N + §_x N

W MERE gytt) [ THE SHIP PITCH ROTATION

AMC{LE)AND: -~ _ ’
ﬁo - Cﬂg., Y);_‘ Y\g) ® —




KEEPING ONLWY THE UNSTEADY COMPONENTS.

O, My + (5, -x5)n, =5

i

—
N7

NOTE THAT THE STEADY copponeENT UN,

HAS ALREADY BEEN ACCONTED FoR IN THE
STATEMENT © F THE STEADY FLOW. LET

b = ﬂZe(‘Pegw%:L @ =FEs X, + EsXs

WwugeE P AvD Yo ARE THE UnIT =AM PLITUPE

HEAVE & PI1TcH COMPLEX VELOQTY POTENTIALS N

TIME- HARMONIC. FLOW-. AlSo:

t7

PNESE &gﬁg(w\e;wég) §§({)=Re§§£§e"“ .

| T FoLLowsS THAT:

X3 . ,
LA

X __— =
° i _'an3+UV\3 5 ©On SB

2™

8 NOUTE THE FORWARD-SPEED EFFECT (N THE P TCH
BOUNDARY CoNIYTIoN ANnD NO SuCH EFFECT (v HEAVE



SHIP - HoLL BOUNDARY CONDITIONS

@ TDIFFRACTION PROBLEM: LQ :Lp7

® [RAODIATION PQéBLgM X L?z L‘03 + Pe

(WE WiLL CONSIDER THE SPECIAL SUT \HPORTANT
CASE OF HEAvVE & PITCH WYICH ARE COULUPLED
AND IMPORTANT MODES TO STUDY IN THESHIP

SEArEELING PRO BLEM .

L) HEAVE AND P\TCH ARE THE ONLY MOPES OF
[NTEREST v HEAP whAves (§=180") wHen
ALL CTHERMODES oF MOTION ( fZOLuSwA‘{—-}/AQ)
ARE (DENTICALLY ZERD For A SHIP SYMNETRIC
PORT ~STARBOARD. SORGE 13 NONZERO BJT

QENERALLY SMALL FOR SLENDER SHIPS AND
IN AMBIENT ) AVES GF SMALL STEEP NVESS. —



e RceenoviLy EQUATION

THE LINEAR HV‘DﬁODY/\JAH(c DiSTuRBANCE
PRESSURE DUE TO UNSTEADY FLOW DISTVLRBANCES
IS GIVEN REATIVE TO THE SH1IP FRAME:

P=-p (z-vs)®
(W HERE c|> IS THE RESPECTWE REAL PCOTENT/AL

RADIATION PROBLEM

zoof:

Q(Je
LP-:M:(—EBL?S*EESL?S'
b = M?Peiwté

P = —p (iw=-0 %B(Is P3 +F s )

(WHERE THE COMNPLEX VELOCITY FPOTENTIALS

SATISEL THE 20 ROUNDARY VALLDE FPRo RIEMS
OERWED BARLIER FOoR SLENOER SH1 PS,

@ TVUYE HYORODINAMIC PRESSURE WILL BE INTEGRATED
OV ER THE SHP HULLTO OBTAIN THE ADDED-HASS
AND DAMPING COEFF|ICIENTS NEXT 3




Fi &)= ﬁ Prgds, 1=35

>p

 THE ExpRESSIONS DERIVED BEW®w EXTEND
ACMOST TRIVIALLY TO ALL OTHER HOVES OF
MOTION. IN CENERAL

Ny=mn =(Nynz,93) ; (=73
-
n, X

~) . -
xNn :('n q-)ylg;y)é') ) L= q"]?)é

i

5O For HEAVE:
. 1,=73

AND P\TCH :
. My =My = XNz +2W,

¥ ~xnz  (M<<ns)

ExPRESSING T IN TERMS OF THE HEAVE X
P1Tcd ADPED MASS X DAMPIN G Co E FFICIENTS
WWHEN THESHIP IS FoRCED TO OSclATE 1M
CALM WATER , WE oB87TAIN WHEN ACcOUNTING

toR CROSS-CouPLING EFFECTS 5

M : d°g. .
For= —Z LAy §°+B,;j°l§37
L):glg Ox"tz OH: =

HYDRDSTATIC RESTOR NG éFFEC.Ts ARE ONDERSTOOD
TO BE ADDED TO FiH



[N TROPUCING COPLEX NOTATI(ON ©

FLHLH = Ke ¢ T eiws}

[F; (w)= [ 0 A 13 (w)—tw B (w)] EF:'J.

W HERE THE SUMMATION NOTATION OVER § (S
UNDERSTO0D 4 EREAFTER.

[NTROOUING THE DEFRINITION oF [ 1N TERPNS
OF THE HYDROOYNAM(|C PRESSURE WE OfBRTAIN AFTER

SeMC SIMPLE ALGERRA
ﬂ): l d 1?3 EB + (Ps ES‘
F =(£§ P, T’icLS)Id

S
AND ! 5

o OO'LA'!:’SCU)) — LW 813 (w)= Sg Pt RLN ds
= |
WHERE FRoM BeERNOULLLY
. > ‘ 3 . |
[PB: (:w—ug;(B LPB = (la)—-u 5:(5((w(‘x3)

TPs: (1CU~U%>LPS (lw U = B(fﬂU\)X?('S
+U'X3>._



STR\P THEORY

® STRIP THEORY 1S A POPULAR APPROXIHATION OF
THE S-D NEUMANN —KELVIN FORPMH U CATION FOR

SHIPS WHICH ARE SLENDER AS IS MOST o FTEN
THE CASC WHEN VESSELS ARE EXPECTED TO

CRUISE AT StanIFICAUT FORWARD SPEEDS.

THE PRINCIPAL ASSUMPTION S
- , — = Os) 5 £ << |

WHERE B ° SHIP MAXIMUM BEAM

o

TS SHip HAXiM UM DRAFT

Ly s HIP WATELWE LEN GTH.

® THE PRINCUPAL ASSUMPTION OF sTRIP THEORY IS
THAT CERTAIN CoM PO NENTS OF THE RAD 1A T1 ot
AUD DIFFRACTION POTENTIALS VARY SLowly Atong

THE SHIP LENQTH LEA DING 1D A S IMPLI FICATI oW
OF THC N-¥ FORM ULATIO N

® Inv HMEAD OR BoWw WAVES w HERE HEAVE Anve

AT e ATTAIN THEIR MAXIHUM VA LUVES, THE
ENCounTER FREQUENMCY cu 1S LSUALLY ML H .




KADIATION PrROBLEM

THE SHIP \S FTORCED TUO OSCILLATE IN HEAVE X
PiTcH 1IN CALM WATER WHILE ADVANCIN 4 AT A

$PCL.D .
| %Egéw__}U _ ,_1_- 1
| s B ,—"’ (37 T ®)
S e e A —
z T g
stRip—x| - 3 *~~--j:,_ B
[ -

@ DOE TO SLENDERNESS THE VARATION OF THE
FLow) \N THE X-~DIRECTION (S MoRE GRAPUAL THAN
\'TS VARIATION RROUND A SHIP SECTION. S0

¢
¢< ’52'32

(WHERE ¢:¢3+4>5 . THUS THe 3D WPuace

EQUATION SIMPLIFIES INTO A 20 FormMn o
THE HEAVE & PITCH PUTENITIALS - C’(‘Hc—: SAME
ARCUMENT APPLIES TO0 ROLL- SWAY —YAwW ) . THOS

>Cj> —O IN FLoiIp
}zl

'D‘/'L j” .

A\
® THIS 20 EQUATION APPLIES For EACH STRIP "
LO CATED AT STATION - X,




® THE SHIP—HULL CONDITION AT STATION—X FOR
THE HCEAVE & P TCH POTENTIALS REHAINS THE

SAME ! |
o pRefge™]

9 LP=.£’3?<3+I§/XS

o ?2(_3- 1w Ny ; on Sg
on
X \ <

WHERE N DfAJvI

-

——+—->’X ©, IN FLoID
oy = Y2t PoHAIN

® DEFINE THE NORMAUZED PUTEMTIAL q{J% o

3P —
3 .
on 3 N C8
( > 3" )\[/ =0, IN FLVLID
'—~+— —
dy2 >2? 3 )

® THERE REMA(NS TO SIMPLIEY THE 3D N-K
FREE —SuR FACE CoNDLTION




® THE Sowrlion OFTHE 2D BVP FoR P, Atong
30 — 40 STATIONS USED TO DESCRIBE THE

HutL FogM oF MOST S HIPS CAN BE CARRIED VT
VERY EFFICIENTLY BN STANDARD 20D [PANEL

METHODS.

® v TERMS 0R Yz (V,2; X) THE HEAVE %

PITCH POTENT ALS FOLLOW IN THE FogM @

L? = 3__3 ’Xg +:‘E§ (Xg'

K= (1w x +u3‘\l)3
CF: o § ¥ eiwél = @3*%%

® THE 2D HEAVE ADDED~ MASS ANY DAMPING
CoeFFICIENTS PVE T A SECTioN OSCILLATING
VERTICALLY ARE DEFINED RY THE FAMIUAR EXPRESSIONS

sTaton-xt Azst) =k by )= o § wynyde

Cixy
W HERE ,
wl—
= (oo - U-;Cesﬁ\

1S THE ENCOUNTER FREQUEN Y o —




, > \* , -
(iw-02)9+9¢,=0, 2=0

THE SHIP SLENDTBUESS AND THE CLATH _THAT

D 1S USUALLY LARGE IN HEAD C& BOow WAVES
IS USED TO SIMPLI Y THE ABOVE EWQUATION AS

TOLLOWS
Z —— —
—w Y + 3Py =0, Z=o
o
BY ASSOMING THAT W > [L) ;x( . A FORMAL
ProoF \§ LENGTHY AWD TECHNICAL .

yT FOLowS THAT THE NORMALIZED POTENTIA L f\{/S

ASLO SATISHES THE ABOVE 20 FS COw DITION
AND IS THOS THE SocuTiony OF THE 2D BounDARY

VALUE PROBLEM STATED RBRELOW AT STATION—"X
2

Z _ —

a"l ) W g +9 Yy, =0
A A
+

- AT, w)
N:(N21N?X ( ’

ANENEENEN E\PB

. _

D _ 2N

(B-\[Z-F';_iz)\})%'o

) |
AS Y—>eo (\4;/3 ~

TARUADS
(A7) w)

SRNSRRRN
ey §
ARRRES

‘5Ai€k'%;ik2 +iwt
/) ¢ -

(7€



DPonN INTEGRATION ALONG THE SHIP LEN G TH
AND OVER EACH CRoOsSS SECTION AT STATION - X

TUHE . ID ADDED—MASS AND DAMPING COERFICIENTS
Foe HEAVE AND P\TCH TAKE THE oM

‘S Ax Q33 ()

ng = S dx b330

Ao = — Vdx x azy — J

Ass § 3 ne SEE
- a L

As3 gd% X 33 + o2 633

BBS = ——éd'x X 533 «-3«— UA33

853 = “'5 A'x ’X bBB - UABS
Pgs = ) dx x* L
SS 5 x X Q33 4 —J?_A33
- cl = '
Bes = S * X D3y +—Jz 335

WHERE THE 2D AODED - MASS AND OAMPIN G
COEFFICIENTS WERE PEFINED AROVUE

.
sz“fj\%s: P S Py s de

Cx)




D \FFRACTI(ON PRoBLENM

® WE WilL CopsSIDER HEAVE X PITCH 1w OBUULE
WAVES. NOTE THAT (N OBLIQUE WAVES THE
SH1P ALSO UNDERGOES ROU~SWAY~YAW MOTIONS
WHICH FoR A,. SYMMETRIC VESSEL AND ACCORDING

To LINEAR THEORY ARE DECoUPLED FROM
HEAVE AND P1TCH

® RELATIVE To THE SHI1P FRAME THE& TUTAL
PotevrrAaL 1S ¢

b= b+ b, = Refly, +p)e'
WHERE W lS THE EN COUNTER FRERUENCY , ANID:

- -
/ k’—‘wo/i & ~—

LPI = 'LQA e,kz—c kx C—OSF - ](YSinff\




DEFIVNE THE DIFFRACTION POTENTIAL AS

o Lows:

L9 A —tlhkxcosp
Co= 0o © W)

1IN WOeDS , FACTOR—OUT THE OSC{UATORY VARIATION

e-—i,lcx 0SB o 5T OF THE SCATTERING POTENTIAL

®© THE SHIP SLENDERNESS APP ROXIHATION NOW

TUSTIFIES THAT:

<< (b_g)_'.’) 2 \Pn
)\ W ’ay oz

NOTE THAT THIS IS NOT AN ACCUORATE APPROXIHATION
o @ LQD WHEN K=2/4 1S A LARGE QULUANT(TY
OR WHEN THE AMBIENT WAVELENGTH 2 1S SMALL

6 SORSTITUTING IN THE 3D LAPLACE EWUV ATION
AuD IGNORING THE 2W7/3x , 97 ¥7/35> TERNS

WC OBRTAIN

2° | 2 ~
( ?33?/ e kZeos $>\‘P7:O

@ THIS (S THE MODIFIED 20 HELMHOLTZ EQUATIOV

(N MOST CASES THE Laoos‘gs TeRM (S NOT IHPORTAUT

FOR RREASONS TO B(: DIScUSSED AND THE 2D LAPLACE
| EQ. Fouows. —




® THE BOOY BOUNDARY CONPITION SIHPLY

STATES:
(BLPD _ ’b(’PI
ReYa! - on

LG UTH - | )
E = M, E_ + nz_a—-f-ﬂga‘
on oX z

DUE TO SLENDEERNESS:
[(NVOKING THE S\ENDERNESS APPRO X1 MATIONS

FoR THE 9/dx DERMATIVES OF b, , THE B0DY

[300NDARY CONDITION SIMPLIFIES TO ¢

| kz-cky&n
quj.: -Ez(ie F) y oN (x)
ON ON
QI\TH § ,D

THE PUTENTAL ), SATISRES THE 20 LAPuLcE
ERQUATIoON , AFTER DRoPPING THE kz’coszp TERM j02
2 o
o) -
E -+ >QLP-7 =0
Byz oz2
AND THE FREE -SURFACE CONDITION DERIVED NEXT:




THE 3D LIWEAR FREE SURFACE conDI1TION
For Yo

([OJU SCPD‘*‘ﬁBz:CD 5 Z=0

THE SAME cONDITION IS SATISFED BY W
~ D \% Dr .

(wo—Ug(B Y. +3 T; =0 |, Z=0

VERIP{ (DENTICALLY FOR Yy THAT?

w—- U -, =1
{ k) bx H O

Co THE FO RWARD-SPEED EFFECT DISAPPEARS FROM
THE FREE SURFACE conDITion OF (Pr. THE

SAME WILL BE SHOWN TO BE APPROXIMATELY
TevE FoR TWE DIFFRACTION POTENTIAL (Pp .

_ LgA —t kxcosP o
LPD' —O\Tuﬁe \p7(Y;%,X)

S Ayt
DX o .
+ B\L_pl % e —(lexeosP

DUE TO SLENPERNESS: ‘ 'Bkb-;

1] <o | cong || )




THEREFORE *

2%e o —ikwsf Pp
X

AND FROW THE F{ZEE»SMZFAC_E CONDLTION

th U X >LPD S
O HoRE -
OO0 = Weo — U k wﬁi-g
3o THE FREE-SURFACE CONDITION FOR Wp
BECOMES TO LEADING O RPER IN SLENDERN ESS!
> o
- W, Wp t 73 i =p, Z=0
- Tz
3o IN THE STATEREIT OF THE DIFFRACTION

Preoe LBy FO EWARD -SPEED BFFECTS A RE
ABSENT! THE SAME (S N OT TRUE (N THE

RADATION PRDOBLEM EVEN FOR SLEN DER
SHIPS

\! H .
TS INDEPENDENCE OF THE DIFFRACTION

PRrobBLEM ON FoRWARD SPEEDL EFFECTS IS

VERIFIED VERY WELL IN EXPERIMENTS AND
IN FULLY THREE-OIMENSIONAL SOLNTIONS .



IN SOUMARY, THE BOUNDARY —VALDE PROBLEH
SATISFIED By THE DIFFRACTION POTEWTIAL

AROUND A S(ENDER SHIP TAKES THE FORM *

LgA. —;kst{S
@ ‘PD

- €. ( 2.?()
Odo WLZ7 Y[ ?
© “*‘B “"“ >'\l)7 =0, IN Fro®
oy o2?
e 0P, -
® “—.U,})c LP—:“‘? %%=O7 aN Z=0

\\\\\
Q‘\\\\\
~

’
Cr 0 1t L Ls g

s
K N N
%‘z*@Wfo

. i: .
Q@ AS \jéi—po’ P, ~ La A Kz zchky
7




OVEFRACTION PRO BLEM

THE HYDRODYNAMIL PRESSVRE In THE
DIEFRACTION PROBLEM TAKES THE FORM!

/P P‘Q’g (P lmf‘
TP: —P (JLU-—L,);;XB Ei_::e-&kxmiﬁ
C‘J/I-k’d?_,}
F%A e—thcaSF ('-‘_PI+ 'LPT)

WHERE OWr/dx DERIVATNES ARE DROPPED
v FAVOR OF lcmsgs , bvE T SLEN DERNESS |

THE HEAVE Ao PITCH EXUTI NG FORCES

En Lo S1MPLY BY PRESSURE INTEGRATION
: - C wty Los
Xb(t):mg'&(bé EJL--E,S‘

% P%A de ethxijS(LP +LP-,)W3C19

Ctx)

~¢ kxcos
R = [JEA de (—x) € PS{!‘PI.{'LP]P) N3 d¢

Cix)

(IMBIRE THE APPROXIMATION Yg = —Xng WAS USED .

r&Y



® |N SUOUMARY , A VERSION oFSTRIP THEoRY
(WAS DTRIWED FOR SENDERSHIPS W HICH HAS
RBEEN EOUnD TO BE THE MOST RATION AL
AND ACQURATE REWTIVE TO UTHER ALTERNATIVES.
TS (S PARTICOLARU! TRUE FOR THE TREATMENT
O\‘; THE DIFFRACTION PROB (LEX.

@ THE COUPLED HEAVE & P1TCH EcQuRTIONS Of-
MOTION TAYXE THE FAMIUAR FORM

(=0 (A +M5) + i By + Ci [T = XK te)
| L,j =35

CIHERE IV PRACTICE

2.

W, 005&33.

&_)V::I()Jo-'u

AND THE Ajw) , Bylw) ARE FUNCTIONS OF
N DERINED AQOVE AS INTEGRALS OF THEIR 20
COUNTERPARTS Qzy(w) & bzzlw).

® THE HEAVE X PITcH EXCQITING FORCE AMPLITODES
X (wo) ARE FUNCTIONS OF Wy , HENCE NOT
pveeenvpeNT oy O . '

@ ALL HMOROOYNAMIC EFECTS OSQULLATE AT ,/






