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Analysis of Ship Motion by Slender Body Theory
(Consideration on the influence of the change of the order of
magnitude of parameters appeared in the slender body theory)

by

Hiroyuki ADACHI, Shigeo OHMATSU

Abstract

The effort of analyzing the ship motion by the slender body theory began around the
early sixties. Since then many theoretical attempts have been examined for their validity,
and the theory has become refined. The slender body theory for the ship motion has in
itself several length scales, for instance the wave length, ship dimensions and ship speed,
and so forth. The assumption of the order of magnitude of these length scales governs
the structure of the theory. And the theory has developed according to the effort of
making the order of magnitude of the length scales changed.

It can be said that the slender body theory is a more rational theory than the strip
theory for ship motion. And the strip theory can find its position in the hierarchy of the
slender body theory. This situation will be made clear when investigating the slender
body theory under the assumption that the wave length generated by ship motion is
same order as ship beam.

In this paper, by systematic and consistent treatment, the slender body theory of

many kinds of assumption of the parameters are discussed.
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Name

U=0, «=0Q)*, 6=0()
U=0(1), w=0, ¢=0
U=0, 0=0(1), 3=0(s)

U=0(1), o=0(1), 6=0(s)
U=0(s"%), 0=0(s"1"%), d=0()*
U=0Q1), 0=0Q), 6=0()

U=0, o=0("1"2), §=0(¢)
U=0Q1), 0=0("1?2), j=0(c)
U=0(1), o=0(c"12), d=0(c)

U=0, o=0(c"1?), d=o0(c)
U=0, 0=0("12), d=0(¢)

U:O(el/z—-a)' Q):O(E—‘/zﬁ(h), 520(5)

U=0, o=0(c"1?), §=0(s)
U=0(e1"2), o=0(0), d=0(s)
U=0(e"2), w=0, =0

U=0, 0=0(:""2), 5=0
U=0(%), w=0, 0=0
U=0("2), w=0, 6=0
U=0(?), w=0, =0

U=0, o=0(c"12), d=o0(c)
U=0(e?%), w=0(e"1?), d6=0(c)

zero speed, pure oscillation
steady motion

zero speed
incident wave+-pure oscillation

forward speed, pure oscillation

forward speed, pure oscillation

forward speed
incident wave-pure oscillation

zero speed, pure oscillation
forward speed, pure oscillation

forward speed
incident wave+pure oscillation**

zero speed, pure oscillation**
zero speed, incident wave
forward speed, incident wave
zero speed, incident wave
forward speed, pure oscillation
steady motion

zero speed, incident wave
steady motion

steady motion

steady motion

zero speed, incident wave

forward speed, incident wave

Ursell 1) (1962)
Tuck 2) (1963)
Newman 3) (1964)

Newman & Tuck 4)
(1964)
and Joosen 5) (1964)

Joosen 5) (1964)
Maruo 6) (1967)

Ogilvie & Tuck 7) (1969)
Ogilvie & Tuck 7) (1969)

Salvesen, Tuck & (1970)
Faltinsen 8)

Maruo 9) (1970)
Faltinsen 10) (1971)
Faltinsen 10) (1971)
Maruo 11) (1974)
Maruo 12) (1974)
Adachi 13) (1974)
Ursell 14) (1975)
Ursell 14) (1975)
Reed 15) (1975)
Adachi 16) (1977)
Adachi 17) (1977)
Adachi 18) (1977)

* “O-symbol” X “o-symbol” ENEFLETH 5, [=0x) & lim£'<M T T T M=constant,

E 1 f=0(x) 13 1im»]’é—>oo ABEWT 5,

X0

X0

** Inconsistent 7L HFETHRONT VS, BRI ANIONELVWEELZ LN,

st UCHEERM 6 BNEL d=0(0) &35,

MRIC DT, AAAHSHlEALL, RIEBE
foidekd EMEL Lol B or d/L B/hsnEd
%o 3% L=0Q1) & L Bord % order O(¢)
ThbETH, TTT e iIMD slenderness =R F
T % parameter ThH 5 &9 5, & ZiCHHMBRICHE
73 parameter 0 EFMATERICER T ¢ LIFEWVIC
EBRIRTH B,

RO IEKE BB T0 B K, #EikbkEzs (x,
NEEL, MNE LA 28k L5, EEEED (v,
?) BEOREA R MOBEL Lol kEHchdsET 5,
FTHHLEEME (00,2¢) 1£H3ET5, M xDH

OF5 e —BFEEE U TR D ic, ZZRICEE L
FEEER 0—x,y,2 KL T, x OEDOHEICEE U
TN —BENd 5 &35, HABERS—FEHRO L
KEhALEOLNE &5, TORANEIC X DK
BEFT 5, EHIK XD ROBELSMITHT LTHEL
T3 E, CORELIEMETEE0—x,2 i3t
LTCEET S, Bk ze XY ELOMELES 0
E U THMARIE DBRFER 0/ —xy'2 %25 % 5, MMED
HHLTWRNEE (o)) Hid (xy) Hic— &KL
TWw3EL, FEV 0 0—xyz BBIERICE T 2 5%
(£,0,83) &953, 2T L(E=1,2,,6) BE&E—F
DEEEF 5%, 2 DOHERDOMICIIROBARK 25 &
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%0
x=x' cos {5+2" sin {5+,
y=y @1
z=—x'sin {542’ cos {5+,
ZZTLidx e o $HEDHDHEHETHD bow
up OIRKET {s BIEET 3, ¥ 7z, slender body
assumption it kb, {;=0(fs) TH3, (Fig. 1)

z Zz

1

O,(gl ] O Jg3 )

Fig.1 Coordinate System

WARREMENTHZ E L-DT, Elic kX 28FE
13#EE potential
D(x,9,2,t) = Ux+ ¢ (x,9,2,1) 2.2
TERDT T LEHNTE S, potential ¢ iC K DHE, F
HEOERHSLRE N5 DT, potential ¢ 1T 2
boundary value problem %< Z &ick b & i
HERDDLENTE 3, T T T potential 9 DR
LB TREBOBOVERERROEBED TH 5,
Laplace equation
[L] ¢ze+dyy+dzz=0 in the fluid 2.3
AYEN D
H(x,y,2,t)=2—h(x,9,t)=2"~ho(x',3") =0
@249
LEbLTEE, MEAEH ETO kinematic condition
&

(0] PHo e (Ut dhamguhyt:=0

D¢
on z=h(x,y,t) (2.5)

* {i ©1=1,2,3 id surging, swaying, heaving %,
i=4,5,6 3 rolling, pitching, yawing &b 7,
%7z, {i 3 frequency @ @ harmonic oscillation
DL, %zl LETHERERILOLOEIIT
BoEazdict 3,

(376)

Thz, HHEREZDLTHERE
F(xy,20)=2—f(x5,0)=0 2.6)
ET35&, COHMERLETO dynamic condition
[A] &fi+¢e+Upa+1/2(ds2+dy2+¢22) =0
on z=f(xy,t)  (2.7)
¥ X ¥ kinematic condition

Dt
on z=f(x,3,t) (2.8)

Z ¢ IMRE LTRSS,

oML BECEN L ETE, ROEBICKDH
FARONEY, CORBRIENICERERRE
1251800, T DD RM% radiation condition [R]
tELZ EILT B,

ThHOERMRFERTBLOTHY, %72, HBE
HANLE a priori ICHIZZ EMTEL, TDID
MEEELIDiIE, MSPORBEOTIIhLDE
A RN 31 L78  TRE 57810, matched
asymptotic expansions OFHEICLYD, TORAD
EODPIKDWTERET D,

3. Slender body assumption (=& 3RE®D
AL

MEE DL L OMBOBRKESHRELE N BT,
M ORTERE B X 0BT IC & B RKBE ORIE S HUD
THHLEDPRETH b, L7cdi-> THEERED inc-
ident wave itk - Tt & 3 & § % & incident
wave ORI 6 JHEE 2 KHLThSVWT EBLE
iT73%, D 0 % small parameter & L CTH/AER
HOYEEE D order DERKICHFT 5, MAKE) 1% O
WRIFE oIl g2Lah 3, TRt > Thk
SNLWEORBRIZTOBERICH LTINS W EKE
Th b,

X 51T, MHBIHLEE R > TO T OHRARBE LN
TN EMREEENB I, MEERDVTRAS
POREPHEEIL D, ZODlHic thin ship, flat
ship, slender ship, yacht type ship 7L &EWEZ 5
Nn1zh, T T Tt slender ship {2 TEOK S,
slender ship Tl B/L 3 &0 d/L %D ThH 5 &
T3, L=0(1) £EZ23L&BBIVdROCELL,
Z ® slenderness ¢ % small parameter & L T
B O order OERICHHEY 3,

ZZT, 0 &e ZEVICEBRI parameter TH
D, WBERDTEERT vy 1% d L et T




BELT, MEOBRIENMEIPEIZDITHEY, I
DNTORBICOWVWTIRRDOT ENEL D, THEDLD,
FABE A BRULT B WICEE R T v v v v O=Ux+¢
e TRHEALT

B=Zdn(n25tie) CCT frar=0(gn) as &0
@B

Lt 3, (3.1) % §2. THRALBREMFITRAL, &
dn KOVWTHELZ P ZDIITH % 43, slender
body DHif e=0 L9 5T LTk > THADN —DD
BMACHESBLTLE A 7o), MEEROBEREHIH]
EWMEIRBZCENTENLNL S, THbB, & ¢n
DN T—D O L THES N BREHZRF 3
W ERERMEARL T EItE->TLE S, CORE
AT A720iICd D) —2 DR, T7bhDH “near
field” xEAT 3, CHICHEL T3 1)% “far field
1T 31> % outer expansion” & J.33, near field Tl
’ROELE (“inner expansion”)

s=E0ux, ¥, £, 4 o)

T Dup—=0(®n) as e—0 (3.2)
ZHo b0 Ed 5, TLT a9/ 2/¢ X e>0 THHR
TH5ET D, 2FD 5,21 0@) &95, T35 F
BT EILEST, AEFR =0 LLTHEMEFE—DD
BoCHBRT A L, [HIRGIREEIH5X 3
TEMTES, UL, 5,2 1306 ELTWERY,
MRETORMIRIIEATERNT LKl 5,

ZHLTHAOEBcBVWTREEN, ThASE
L TiZ unique I 3R ITEE S, T D nonunique-
ness ZHOK L 72»ic “matching” 2T 3,
47545 far field solution @ inner expansion &
near field solution @ outer expansion %2—H X+
B E - TRAEEI R LT ENTE %,
MAEENC X ARG OB A XAL G 5 parameter
E LT, MoshEdEE U, #{E&H harmonic oscilla-
tion 2475 &4 3 & X OEHHREM 0 235 5,
v=g/U? wave number of steady motion
r=w?/g wave number due to oscillation
r=wlU/g=(x/v)1/? Hanaoka’s parameter
3.3
ETBE, THHD parameter DK X X D order &
> slenderness *#%%>3 parameter ¢ O order
OBFIC & - THE 4 @ slender body theory HSEEEK
shd,
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z T3 parameter £, v DHASHDMRD 42D
BESICOWTEET 5,

case 1. £=0(1) v=0(1) t=0(1)

case 2. £=0(1) v=0("1) =0Q1)
£=0(") »=0(1) ©=0(1%)
£=01) v=0("1) t=0(?)

far field e B 2B £ v @ order [LX-»T
PEMHEFE AN, £/ near field TE ¢, v BKT
far field solution @ inner region TOIREFIC L -
THEMEES NS, £ T, LD 42D case K2
WT, EUwic far field TORE K-> T far
field solution %#:k¥, N EFND case D2 TZL
@ inner expansion &RK¥H 3, €L TZOKREEE
- T near field TOEFEREIZEL 5 &I1TT 50

case 3.

case 4.

3.1 Far field problem
¥ 9" incident wave WHWEAEEZL LT LIS
%o Wik A+ d total velocity potential & uni-
form flow & steady motion potential & pure
oscillation potential DFITLDHEIND, I T
O(x,y,z;8) =Ux-+go(2,9,2) -1-$1(x,y,2) €10l - -+

3.4
LI B FA I AHE N E [y dlABkic
fxyi)=fo(x,y) +f1(x,y)etet+ - 3.5)

EF 5,

2T, ZhbOBOKNE KUEMELICONT
DT & B order DEALICDWVTIRNS, T THH
AT DT time factor % et ELTNBDT

a .
g e (3.6)

THh, o © order itk > TEAT 5, ZEHEEFK
L BWBICDONTIE, ¢, d1 THZ D potential O
HEOWHEAKRD &5 IKRET 50

Oy __ 0y _ Oo __
"a"?_o(%{’o) ""a?—o(”?so) ‘FZ"‘O(V{Z&O)

W1 —0Gep) Wi =0Gep) =00

ay
@D
Jo, 1 WPV THRBKIKIKET 5,

3.1.1 Far field problem Dig&i{L

Far field potential 5[ L], [A], [B], [R]
EHETBELDOTH S, B4 % [L] (2.3) itfRA
T5& @7 EEELT

(317)
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Pozz + Poyy + Pozzt (Proz + Pryy + Przz)etol 4+ =0
[v2¢] [#%¢:] (3.8
L3, ZZT[ 1 ohiRZ0HED order 2%FD
Fo wkic [AJCD ik 3.4 & B5 2RAT3
&

g(fo_,_fleimt+ )+ (iw¢lgiwt+ )
+—%{(U+¢ow+¢wei‘"‘+"')2+(¢oy+¢wei“"+'")2

+(¢oz+¢1zei“"+'")2}:%i on z=f(x,3,f)
(GR)}
E15%, Thid z=f(xy,t) KB THEShBEHE
TH 3P, f(xy,t) & a priori iICEEL S VDT
2=0 B THRO I DOEHICET T LITT B, f=0(e)*
DT (3.9) @ ¢o, $1 * 2=0 DEDLHIKERT 3

b
0z

et {1+ htfiemy Lt} 2w s e

EELTHEDT,

steady motion term {3

ot Upos+-L (o2 + doy?+ 902 + Ufoghon: =0,
A (00012 [et]  LUstfodo]

(3.10)
time factor eiet ¢ unsteady motion term (%

gfi +iwg, + Udiz + dozdiz + Poydiy
[f1] [eé:] [Urg] [V'f¢o¢1] [Wf¢o¢1]

+¢oz¢1z -+ iwfo¢1z + Uf]¢owz + Ufo¢wz =0
[vegodi] [wafops] [Uv*figol [Urfoh]

on 2=0

on z2=0

(3.1
&5,

iz [B]1(2.8) ic 3.4) & (B.5) #RATE &

(U+¢oz+¢1xei""+"')(fox+f1zei""+"')

+(goy + dryeiot+--) (foy +fiyetwt+---)

—(oz + przeivt +--) Fiwfigiot 40 =0

on z=f(x,3,t) 3.12)

£ 5, 2 TLAIDHA LRI 2=0 TORHKIC
HEETE

steady motion term (I

Ufox + foudhoz + foyPoy — Poz — SfoPozz=0,
[Ufo] [v¥fedo]l [v2fodo] [vgol [v3fodo]

on z=0 (3.13)

unsteady motion term (%

* R O0) THB, 6 & e FHWVICHEEMR
75 parameter TH 553, YEMIC 6=0(c) L&h
5DT f=0(e) L1325,

(378>

Ufiz + fizoz + foxdrz + Frydoy + foydry
LUxf] Lvefigo] [vefodi] [vefidol [vefod:]

—¢1z + twfi — figozz — Sodizz =0
[ep] [efi]l gl [£%oi]

on z=0  (3.14)
&85,

Radiation condition [R] &Z2OWTREHBTHR~NS,
D EDRRAPSENZFND case 20 THRE LR O
1N ERD BT LiILT B,

Case 1. £=0(1), v=0(1), r=0(1)

Z® case i 0w=0(), U=0() ¥4 bH mode-
rate frequency, high Froude number T&Y,
simple slender ship theory & Xifhi T3,

(L1’ 3.8 &b

Gozz+ Poyy+ Gozz =0

} in fluid domain
b1zz+ Pryy+Przz =(

(3.15)
[A] 13 3.10) &b
gfo + Ugoz =0, on z=0 (3.16)
[fo]l  [gd]

L7cdi>T fo=0(d) E15%, WAL B.1D &b

gf;—i—i(oqﬁ; -+ U¢1J, =() (3 17)
Al [ed  [44] :

283, th&b fi=0(p) THd. kic [B] &
(3.13) (8.14) &b, fo=0(¢0), /1=0($) %EE
T5E

Ufoz—¢oz=0 (3 18)
Ufw—'¢1z+lwf‘=0 (3 19)

%185, 22T (3.16), 3.18) kb fo ®lHET 2 &
[F] %¢oxw+¢oz’—"0 (3- 20)
3.17), 3.19) &b fi WHETEE

[F] (i,cl/z_l_y—x/z aa )2¢1+¢|z=0 on z={(
X
3.2

on z=0

on z=0

on z=0

on z2=()

&85,
Case. 2 £k=0(c™1), v=0("), t=0(1)

Zm case 3 0=0(c1V2), U=0(/2) bbb
high frequency, low Froude number OEATH
v, simple strip theory 2SS 2T RN H 5,0

[L] & 3.8 &b

Pozz+ Poyy + Pozz=0,

} in fluid domain
drzz+ Pryy + Pr22=0,

(3.22)
BmEmESHLALIB] (& case 1. DA EFERIC

steady motion term



gfot+ Udoz=0 }
Ufox—¢oz=0
unsteady motion term
gfit+iog,+Udiz=(
Ufiz—¢rz+infi=0
BN D5, T T fo=0(12), fi=0(12p,) T
Hbo (3.23), (B.24) iTBWT fo, /1 2EETEE

[F] %¢ozx+¢oz=o on z=0  (3.95)

on z2=( (3.23)

} on 2= 3.24)

[F] (ix1/2+v“1/2%>2¢1+¢1z=0 on z=(
(3.26)
&85,
Case 3. r=0("1), v=0(), t=0(c1/2)
Z D case iF w=0("1/2), U=0(1) §+7+b b high
frequency, high Froude number ®¥4TéH 3,
[L] & (3.8 &b
Pozz+Poyy + Pozz=0

} in fluid domain
Grzz+Pryy+d1z2:=0

3.27)
steady motion term O HHEEREL casel. &
Eik: e
&fo+Ugoz=0 }
Ufo:c— ¢oz =0
LB, TTT fo=0(g) ThH2,
unsteady motion term OHHEESHE [A] &
@1 kv

gf1 +iwg, + Ugix + higher order term =0
(1] [e72¢,] [e'¢1]

on z=0  (3.28)

on z=0  (3.29)
[B] & (3.14) &b

Ufiz — ¢z + iwfi + higher order term=(
[e7i] [e7¢4] [e71/2f1]
on z=0  (3.30)

L1223, T TS © order DEVHICL->THA
ST RBERDBBT PN D, [1=0("1¢) E95L(3.29)
£V gfi+Upiz=0, iwg;=0

[e71¢4] [e172¢,]
LIEBDTLD case FEZI, fi=0(c12¢) &
T5& (329 &b

[A]l U¢z=0, gfi+iwg,=0 on z=0 (3.31)
[e7'¢i]  [e72¢]

(3.30) &b

[B] Ufiz=0, —¢r2+iwfi=0 onz=0 (3.32)
[e722¢,] [c71¢4]

L1sB, 2T T /2 }21) order OF WIS HTE
AbhTEiLTBE
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Upiz+gfi+iog, =0
Ufiz— ¢prz+iof,=0
EET B, (3.28),(3.33) TBWT fo /i BIHETS

} on z=( (3.33)

[F] '%¢oxz+¢02=0 on 2=0 (.39

0
ox

[F](i,cl/2+u-v2 ) 614610 on 2=0

(3.35)
L1383,

Case 4. £=0(), v=0("Y).r=0(:'"2)

Z? case 1T w=0(), U=0(/2) 9 72HH mo-
derate frequency, low Froude number 04 ThH
%o

[L] & 3.8 &b

Pozz+ Poyy+ Pozz=0

} in fluid domain
¢1x:c+¢1yy+¢1zz=0

(3.36)
steady motion term @ HHFEESRMH T casel. &
[ElRRIC
&fot Uoz=0 }
Ufox—¢oz =0
LB, TTT fo=0(12%g) Th3,
unsteady motion term O HHEmEH [A] 1
@1 &b

&f1 + iwg, + Ug,» + higher order term =0
[l [éd [e%4]

on z=0  (3.37)

on z=0  (3.38)
[B] & (3.14) Xb

Ufiz — ¢1z + iof1 + higher order term =0

L1211 [4d L]
on z=0  (3.39)

Li8%, 22T [i=0(¢) £53&
gfit+iwg, =0
—rztiof; =0 }
& 185, zero forward speed DA DEKMRICI
%o %I T e {27 order ODEWVWIHETED BT
sittad
gfitiog,+Upz=0 )
—pustiofi+Ufiz=0 |
EHF B, (B30 (B4 KBWT fo, /1 EHET
5 &

[F] %¢owx+¢oz=0

on z=0  (3.40)

on z2=() (3.41)

on z=() (3.42)

[F] (ir:‘/2+v"’/2-5a§—)2¢1+¢1z=0 on z=0
(3. 43)
(379)
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EW D,

3.1.2 Far field solution & %@ inner expansion
Vi E, case 1~4 WO B&ICH far field poten-
tial ¢ OHEREMHE
[L] dzatdyytdza=0

) AR B B
(7] (e 22 Y guga=0  on 20

in fluid domain

[R] radiation condition
3. 44

LEFBEMSDD o, LI -T case 3,4 O
AiCITHMEBRREOBEHROBICH SR K ST re-
dundancy 23 3 b1FTH 305, WThog&ic b
(3.44) D&Mz & - T far field solution %3k 2%
CENTEDR, 2535 LHMAATEHD redunda-
ncy @D7c¥ic far field solution & redundancy %
FHoHS, T redundancy (I far field solution @
inner expansion 2Rk»3EEicEvEohs, L
# - T inner expansion 3% case IKK-THA-
72HDbDERY, & case ICEHBIEELEDT &
EZibh b,

Far field it 0T (3.44) %ii/gd % potential
WEAMA DR Fic 435 L7- line source distribution
CE-TEbE&NG, /2 [R] RUEHKESESRH
#:& LT, Rayleigh OREEEFRK (>0 28Y
THEHEER WS &

[L] zatdyyt@zz=4no(x)d(¥)(z—2)

[F] (iw+ U—aax_ + y)2¢+g¢z=o on 2=0

(3.45)
LEF B, T o (x) i3 source AR, 0 i
Dirac OF VA EETH %, 2<0 1 source 24D
KEFOMEEFZD TN, BITOEROIDICEAT
50 TERICE 20 L&h 3,

(38.45) % x & ¥ it L T double Fourier ##t
250, BinmFBER%E Laplace £fiick -
TRX, X5 Fourier BH%TS &

,__J_ had ik g* (b
93,0 =—1(" dreisor k)

Arj’ dl

¢

eily*z Va2

1 (3. 46)
Vigri=L o+ Upy:

£83, CTT a*(k)}zsfoodxe‘ik-”u(x) Thb. 1
BT B8 C i p—0 &3 3ikcss [R] %
(380)

Wil AL DI #EIT ND, o(x) B slowly varying

function (37 ~0(») 0BE G.46) ® y>0E)

ICH 1) % inner expansion 75 Appendix T Cid&

NWTWH D, 75 case ICBIFBFRRBKRDL D I 5,
Case 1. «==0(), v=0(Q)

$5,3, ) ~o@Inr2f”_dio()
O(lne) = 01

X g Tsgn(e—)lnz|a—¢ |1+ 2 {7 _a

xa(@® " _dkent=25(k) coth BB)  (3.47)
o)

¢ ¢ cosh B(&) ;:(.“L%Ulj_—iﬁ =0 (1>0)

(3.47) i In 7 term #5 dominant TH b, &2,
3T * DBOBWKTH 3o
Case 2. £=0(c)), v=0("")
é(x, ¥, 2) ~dnio (x—2ry)ess~ixy

=4niess~icy {g(x) —2ty0’ (x) + O(e?)}
0@1) O

Z #1112 two-term inner expansion T, HilE#E D
EBIH .y aDOROE 2IET ¢ 121 order HE L
S TW5, Thi3, AFLTOLNE x 1T 20y W
BIOKHE D& > 7DD BT EERL TS,

Case 3. £=0(1), v=0(1)
b (x,y, 2)~4nio(x—2ry) e "iry

=d4miess~ iy {0 () —2ry0’ () + O(e)} (3.49)
o 0Evy

Case 2. DEA LA TS BHANERE O ¥ B 13
¢1/2 213 higher order T®H 3%,
Case 4. x=0(), v=0("")
6(x,9, 2) ~4a(x)lnr+25‘:owd$a($)7d§
O(Ine) o)
X [sgn(x—&)In2|x—~£|]
+%S°j d&a(é)goj dk e =0 (k) coth (k)

o (3.50)
&Iz steady potential {3 w=0 £33 &

v=0(1) D&&
$(x, ¥, 2)~4o(D)In ’+2fwd5"(f)"%:
O(ln¢) ow

(3.48)

X [sgna—9n2l ¢ ][ _ds o@ 1L

X [Hy(w|x—& )+ (2+sgn(x—8)) Yo (v|x—£1)]
o (3.51)



v=0(1) O&x
& (x,¥,2)~4o(x)Inr+
O(ln )
2" dz o(6)- - Tsgn(e—£)In2x—1]
+Fw(x,,2 O O
(3.52)
THbo
Zero forward speed DAL case 2. B LU
case 4 T U—0 &L T =0 0&&
& (x, 9, 2) ~Ario(x)ersmicy (3.53)
£r=0(1) D& &
¢ (x,3,2)~4o(x)Inr
O(ln¢)
w2f”_de o) FTsgn(e—in21x—1]
ow

_mj‘” dé o(&)[Hy(x|x—&1)
—o o)

+Yo(xlx—&])—2ifo(x|2—-£])]
TH5bo

DI EAs% case icB )5 inner expansion TH 5,
Zh o near field B 2ERELEOWEDS
HETE 5,

Casel. 5L0°4 084 Inr term »5 dominant
ThHbHT ELHHKERDS, rigid wall condition @
2 ¥t Laplace 77243, case 2. BXU 3 DHEA
b a hic B EmLRHEERD 2 kot Laplace
FEANTELIEREL L BRSNS,

(3.54)

3.1.3 Incident wave H'dh BiE4S
¥A/Lx N7 incident wave potential % ¢elwt
& &%, total potential %

O=Ux+¢o+ (pr+@p+dr)etet+-  (3.55)
EEbI T EitT 3, ¢r 12 radiation potential, ¢p
i diffraction potential TH %, [E#iICHEREEN
B%

f=fot(Fr+fp+fr)etwt+ (3.56)
LEDT, 4, fHBO head sea DEEDAEHE
ABTEiLTBE

';’I——' g a erigm ik
]

R (3.57)
fr=—iae =

THb, T T w, it frequency of incident wave,

w(=wy+xU) (T frequency of encounter, x=wo?/g

Thbo
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U7 - CTERREEIC T 2 #450c & % order DE
1tk

91— 0Gepn), 2L=0, 2L =0Gp) (3.58)

’ ay
THdo fr ccowcém%acnéo F FEOREL
a=00) L¥+3L
r=0() D& X 0=0@1)
I =0(5), f1=0(8
Licin>T ¢1=0(9), f1=0(5) (3.59)

£=0("1) D& X 0;=0("12)
L7278 » Thr=0(e1725), f1=0(8)
Th b,

& T, case 1~4 {2 T, incident wave 25&%
LBED ¢p ERKDBDIFTH 3D, case 3. DS
it o=wo+cU &0 o 3 O@E™Y) &1, w=0
(e71/2) & order 3878 %, % Z T cased. Tincident
wave dH 5HEE case2. T ‘r>% DBEEE X
NEINELTHS T Licd B,

(3.55), (3.56) % far field DEREEICRAT D
Eocase 1,4 ¥bb 0=01) OHELHICIE ¢p &
Bt ¢ ELL FLULHTH D, incident wave &
k& DfERE 0/0x=k=0() TdH b slowly vary-
ing THA®DT inner expansion &[E U &DiCE
%, case 2, THHHE w=0("12) OFAICDRHI
i Uiz 5%, incident wave & MADIER%ZHKD
9 line source distribution o¢(x) iZcase 1, 4 O &
5ic slowly varying T# < s=0(") Et&E(LT S
DT rapidly varying &75%, Incident wave &
e LERFERDODT,

a(x)=y(x)e i (3.60)
OFAFEET b, 22T y(x) I slowly varying T
»rLTBLE,

300 _pegy 1 _
LE=0("0)  SHE =00

(3.61)

&1L B,
. DBEA DK EZ @ inner expansion ( Appendix

I icRshTos, e =27 cyzes,
%>% Fubs >lvz-1 ors,
b0 (59,8 ~— Tgéf:—zﬂe — ng gz ;;(f)g
+4nr(x>6‘“”{fcye” ;(l(—i;%me “‘*f’z}
o TR e )
(3.62)

(381)
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,,,7< ,,,,, Fibb ] o(V2—1) o&%

_ “/73’? s ikctkigin/d
Py D~—d ey ¢
1
S . ds- T(‘f,_) (ﬁ:)[%/"je ety Ut 22y ()
V2 (1-A)*

«/A(l —2t—A)(1—2r—272—-A)
X g ikzty 1= A)zz/4r(x)
V2 (1+A4)*
T VAA=2c1A) (1—2c— 27+ A)
xg—im"‘u(lh{)zzur(x)
+4ﬂ-xye—ix.l'+:27,(x)_ze-irxr(x)

o peTrY Vi¥v2 iez0 ikz0
Xgo 7 —— {i—v: 4+ }

ViFer Lo+i  o—i
22T A= Vi1 dc—1]| (3.63)
Th5b,
(3.63) T >0, v>c0 &9 5L zero forward
speed DBPEDOERANBOND,
$D(%,3,2)~—2 v/ 2k exe-ixze- w/*j dé «7/;(5)5

e—in/2

+47r7(x)e~2‘“1(/cy— _2_‘.,)

EY V142 (giszo  g-iczv
{ﬁ-—i v—i}
(3.64)

(3.62), (3.63) BXU (3.64) 75 near field T
ép 3 x KT 25T order 5 O(x) 72134k
20T, 3¢kt Laplace K2R3 2 kit Helmholz
HERICE DT &, BIURA s e I Liliglt
RO LRSI D
3.2 Near field problem D#FE{L

% 4 incident wave B IEWBEEEEL LT il
T, far field DA E[FEFLIC near field potential
%

— 9o~ ik dnve
2e T(x)s V1402

O=Ux+Dy+ @ gtot+ - (3.67)

BT %,

TR KB I 9 A MM & B order D& {LIER O K
HIC Do Near field TOM BT BHMATZIR & HC
[%4 5, Slender body OIKGEIC K D, MAEHIC
L BFAABE D transverse J[H D #IEEL longitu-
dinal FiEozh kv ¢! @ order 7ZIF K& &K
Eshs,

(382)

0w, oy, B o)

a0, _
ox

o,

=0, S Mo >j

(3.68)

~ 0@y,

U 7225 - THy AR M IHI’G DIERMSY &

I _ om0y, 201 0(10,)

on

Eitd, Xl x lcﬁﬁﬂ'éﬁb‘(ﬁ}mz‘db\f%, §3.1.3
TR~ &S ICEHE O incident wave 43 5 2 B4
H B i3 steady potential @ second order term
B Z LIBAICIT order L BBEHH %, order HY
LBHHICIITOWELRNB T Eicd 3, P bock
HEHRELNE fo, iHf TOVTHREUTH B,

Near field potential 34%#: [L1,[A], [BI,[H]
ZMETHHbDTH 3,

B.67) % [L] (2.3) it AT B E

q)o.m‘l‘@oyy + Doz + (¢1xa:+@1yy +@yz2)etot ... =()
[@o] [e72@0][e7200] [D1] [e720,] [c720,]
(3.70)

LD, ICHARE TOEARLH[HIIC DV TEN
%, #4, heaving & pitching DA% I T30
¢ hull equation z=h(x,3,£) |2 heaving displace-
ment % X{F pitching angle 73 o(e) DD E*E
LTRD &S icF 3,
z=h(x,y,t) =ho(x,9) + (L3—x{5)etot B.7D
@B.67) & B.71) % [H] (2.5) icfAdT 2 &
(UAPos+Przeivt ) (hoz—Lretot)
+ Doy +Dyyetot+ - hgy— (Dpz + Dyzeivt 4--..)
+iw(l—xls)etot=0 onz=h(xy,5) (3.72)
LB, CORMRBEET 2MARE ETHREY 2~
ZUTHY, HOBENHBLO2HL0DOT, ¢hdk
z=hy(x,y) OEDLYIC Taylor BALT, £ TH
RIEIRBIT S, £, 306 THBDT (3.72)
@ potential @y, @, i {1+(C3—xcs)eiwt%+...}
=ER&SE B &

steady motion term (3

(3.69)

Uhoz 4 @oahon + Ooyltoy — Doz — 0
[U]  [ePo] [e7'Dg] [e1D]
on z-=hy(x,y) (3.73)

unsteady motion term (&

51—0(5) Thdo



Dy zhor— Ugs—q)ozCE,‘F(pwhoy"(p]z +iw(I3—x85)
[P, [UCT [E@o] [em'@,] [e7'@:] [w{]

-+ (La—xL5) Powzhroz -+ (La—2L5) Poyzhoy
[CD,] [Ce20,]

— (£3—2L5)Dgz2=0 on z=he(x,¥)
[Le720]

LB, RICHMERISEILAL [B11RB.67) &B.5)
ZRAL, far field OFE L EROEIEETTD &
[A] steady motion term

(3.74)

gfo+ Uy + ,%(@01‘2 + Doy? + Do2?) + Ufo®oz2=0
Lol [U®]  [9*] [e72@0%] [e72@6%] [Ufo:™'P0]
(3.75)

on z2=0
unsteady motion term
gfi + iw®; + Uy + Opu@yz + Qoy®yy + Do, D
[fi] [w®] [UD] [9D] [~20eD,] [ 20D, ]
+iwfo@: + UfiPosz + UfoPizz =0
[ofoe™@,] LUf1e71@o] [Ufoe™04]

on z=0

3.76)
BRU

[B] steady motion term

Ufo:c + @01¢f0x ‘l‘ @oyfgy - @02 - fo(pozzzo
LUf]  [fePo] [e¥0@o] [e71@o] [e™%foP0]
on z=0  (3.77)
unsteady motion term
Ufio + @ozfrz + Pizfox + PoyS1y -+ Py foy — Pz
[UA] [A19] [fo®@:] [72190] [7%o@1][c7101]
+iwfi — f1i®zz — fol1zz =0
[wfi] [7%190] [7%0®)]

onz=0 (378
BEEND, U EOEAN SREULS NNz R
HBT LT B,
Case 1. £=0(1) v==0Q)

[L] & 370 &b
Doyy +Doz2=0
Diyy+Piz2=0

[H] @ steady motion term (3 (3.73) &0

Uhoz + Qoyhoy — Poz=0
L] [e71@] [e7'@o]

on z=hy(xy)  (3.80)
L%, MMAMENIE D contour T T i@
oy

} in fluid domain 3.79

0 a

e Mgy
on V 14yt
Lt BT (3.80) ik
00, Uk on z=hy(xy)  (3.8D)

on 1 ¥ eyt
[s719,] L]

25

EHEF D, =00 THHIEMDPDL, RIC
unsteady motion term %% 2% %, Incident wave
IC & - Thht & 41 % i fAEEY D %05 (3 incident wave
DOWEBE VAT incident wave OEIE &[E L
order O(O)TH2EFRET %, 2235LB.7HLD
%Ziw(Ca—xC:s)'l‘ (Cs—5L5) oy Doy z—DPoz2)—Uls
o VTthot
[e10,] [a]
on z=hy(x,y) (3.82)
%2135, WA 0,=0(d) THBT LPbir2,
wic A& mEs (Al (3. 75) OA/IED order T
Dy=0(e?) =RAT B &
ot Uloat L0+ 00*=0 on 2=0  (3.83)
[fo] [ [e%] [e7]
b LItho>T fo=0(H) THBHT ENbhb,
(8.76) O&IED order i€ fo=0(c2), DPy=0(c?),
0,=(e0) ZRAT B L

gf1+i(oq7,+U(Dw+@oy@ly+@oz@1z=0
[fi] [e0] [ed] [ed] [ed]

on z=0 (3.84)
BB, LEh->TAH=000) THoZ Lbh s,
[B1id B 7DIcHBWT Do, fo D order ZEET 5 &

@0z=0 on z=0 (3- 85)
[e]
@B.7ITBNT Dy, fo, Dy, /1 D order #EET 5 &
D=0 on z=0 (3 86)
[4]
=8 %o

PR R s Rt/ (2R Lo R R APAYS
steady motion term (& @,=0(e?), fo=0() TH Y
[L] Doyy+Pozz=0 in fluid domain

00, _ Uhg -
[H] %= T ™ z=ho(x,3) 3 (3.87)
[F] @.=0 on z=0

unsteady motion term it @,=0(ed), fi=0(ed) &
A9)

[L] @uyy+P122=0 in fluid domain )
0,
[H] =
[e~10,]

{0 (Ly—2L5) + (L= 2Ls) (Foy@oy:z~Pozz) — UG5

vV 14hey?
(4] on z=ho(x,9)
[F] @12;0 on Z=0

Lol

@G 88)/

(383)
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Frequency of encounter o 75 O(e™ /%) d &
i incident wave iC & - Tl 2 MAENRE O3
1813 o=0(1) DOBFEERND, KiED dimension ¢
WEBINLENEZ OGNS, Lichi-TEORIK
ROFZEE L CeiclT2ET 5 &, L D order i
O(d) &15%, TOLEF 60, =0 DEBSHD
56, MAOERIZHRENIC 0 & 755 O THEIESN
LTHAI, TOTEZEELT case 2, 3 IKBNT
case 1. &ML ITS LI NOSHD IO D,

Case 2. k=0(c1), v=0(1)
steady motion term (3 §,=0(c*'2), fo=0() T
H0

[L] @Poyy+Dozz=0
00 Uhyo
[H] an" =*1\/—1W‘
(F] @.=0

in fluid domain 1

on z=:hy(x,y)

on 2=0 I
(3.89)

unsteady motion term (3 @,=0(e3/26) +0O(e%/%9),

[i=0(d)+0(2) &b
[L] (bly'y‘l‘$1u=0
P tw(Cs—xE;)

H] —le—12 20
[H] on VI Aoyt
(703 [e1/20]

4+ (§3—2Cs) (hoy@oyz—Dozz) — UG

VIFhoyt
[€3/25]

in fluid domain

on z=hy(x,y)
[F1 g%.—w*d =
[e1/25]
—210UD12—2i0Dyy D,y +iwDy,,D,
[8/26]

on z=0
(3.90)

[HL[F] KO CHIEEREOREE XD TR «
721} order WEL B ->TW3, CTOIEAHIKRT 3 &
simple strip theory €785,

Case 3. £=0(1), v=0Q)
steady motion term {3 @y=0(e2), fo=0(?) T&H
]

[L] Doyy+Doz=0 in fluid domain

o0 Uhg.
H ol IR L n z=/1(%,
(1] 1+ heyt ¢ o)
[F] ®.=0 on z—0

3.91)

unsteady motion term 3 @,=0(e%23)+0(25),
[1=0(e0)+0(e%29) Lish

(384)

[L] Doyy+Pyzz=0 in fluid domain 3

90, _ io(C—xls)

e
lem@]  [e1/%0]
+ (i) (hqu)oyz-'@ozz)-UC:L
v T+ hgy?
[ed]

on z=he(x,y)
[F] gb;—@*®==
[e1/28]
—~2iwU®5— 20Dy Dy +iwDy2,P,
[ed]

on z=0 J
(3.92)
[HLIFJCBOCRIEHE O EE KD T IH 32
724 order A3EIK - T3,
case 4 Tid casel. LFEIRIC {=0(0) L&h 3,
EREDOEIFEIC X DRDE S IKE B,
Case 4. x=0(), v=0(e"1)
steady motion term (& @y=0(e%2), fo=0() &
Y

[L] @oyy+dozz=0  in fluid domain

09, __~_U{l°_”,v .
[H] on T Trht on z=hy(x,y)
[F]1 @.=0 on z=0

(3.93)

unsteady motion term (I @,=0(e0) +0(%25),
f1=000)+0(3729) E1sh

[L] yy+¢rzz=0 in fluid domain

0@, 1w (C3—xLs)
H At A | .1 24
[H] on WS

[e1@,] (a3
_I_(Ca—fo;) (PoyPoyz—Dozz) — UL
VIF 0,2
[e1726]  on z=ho(x,y)

[F1 @,,=0 on z=0

[a] J

(3.94)
3.2.1 Incident wave htdH B3iE4

Incident wave %i&% 3814,
&

D=Ux+ Qo+ (Pr+Pp+p1)etwt 4 (3-95)
EEBENS, ¢1 1T (3.57) THb &N 3 incident
wave potential TH %, HHEEEMNE f dEKIIC
BEEhD, 2hosoYBEEOEMEEIZET 2%
itk 3 order DEILBRD L3185,

near field potential



Near field iCEB T Do, D (=br) FEHMAILIR
DEFIGEIC LD B.68) D &Y &b d 5 T &4
W, THTER PpicoOTHIBETH D, X5
I¢ incident wave A3d 4 B4 iC i3, far field solution
O inner expansion (3.62), (3.63) 1oL D LD
@, % B RN E O T HYFEIIC order 23EHL
T 5, LIchinoT

W0 _0wo), %([;—DzC)(E"‘([)/)), Mo 0(100)
(3.96)
EM B dr ICDWTIE near field 1ICHNT b (AT
YRR & B order OEALIZII, far field OB
oLk, DEREZRNS5@.58)DXdicib, YL
DT L fo, B, fD, [T TOVTHRLTH 5,
5 order OZE/LAZ M LT, incident wave
BIRNVEE LEROEIEETT > T Op OBERFMH AR
ZLLUTOXIWERMHBONE, Pr ORI
§ 3.2 T® pure oscillation DFEEDE» I P, 1
DHFBEBADZD, ORI T DRI DT
DI,
Case 1. £—=0(1), v=0Q)

[L] @pyy+Ppzz=0 in fluid domain

[y %o %1 on z=ho(x.5)
[em@p] [4]
[F] @pi:=—Dozzf1 on z2=0
[4] [a]
3.97)

Op=0(d), fp=0(d) L1z, Or, fr ELILU
order TH 3T Lbhrd,
Case 2. £=0("1), v=0("1)

[L] ©@pyy+Pp.:—x@p=0 1in fluid domain )

[u] 22991

on “on
[e10p] [e71/2d]

on z:h()(x:y)

[F] (iw+Uaix>2fDD+g@Dz=0 on z2=0
[e1/25]

(3.98)

C D44 far field solution 0 inner expansion
7 5[L ]I 2 kot Helmholz @ H5ERic/s %,
Op=0(c'720), fp=0(8) L4, Pr, fr £V O()
721> lower order TH 5T bbb,

Case 4. «=0(1) v=0(")
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[L] 9pyy+Pp::—0 in fluid domain

[H] (')((‘)D; o ‘78‘/:’11 on z—ho(x,y)
[5 “l(DD] [’3]
[F] ®p:—0 on z-0
(7]
(3.99)

Dp=0(c0d), fp=0(0) TH5b,

PI_F, far field solution @ inner expansion # X
Uf near field problem ODOHIREZM% % & T Table
2. Table 3 it7k$, pure oscillation DFAD D, i
T Or &L TH B,

4. Inner problem &

Steady motion term @, 2T, v=01) &
LU v=0(@"1) D220EAIDNTLELHELED
near field problem %%, v=0() OHE I
RHEEASTE VDS, v=0(c") OB far field solution @
inner expansion (3.52) &O#EEsN D LS icEH
I8 Fw 3 leading order term KX &/ 72UFER
THotre TDT & near field T x B9 % 21

B BBBNHIT D1 Tl Fum O TH Y,

0

*7z, ¥, 2z K3 5 leading order term log # T
DT 2BHSE 06D THBODOT logr @
leading order term (33RO HPE T dominant
term & LTI T EMTES, THHLHEITNDS
P ic i3 steady term DB EIFIZRO NI,

Steady motion term @, DWW TiE

[L] Poyy+P@o:z=0 in fluid domain (4.1)

0Dy _ ,,,,%%Z_.d .
R
[F:I @gz=0 on z=0 (4 3)

[R] @y~4o(x)Inr as r—»0(1) .4
D 2 &t Laplace FERXAZH T IRV, COMAER
TEOWE I D W THENICENIE NG, o) @&
conservation of mass OBRic &y [H] &#LD
KDDL ENTE L,

4.1. 1Incident wave D7\ VES

ic unsteady motion term (CDOWCEL A,
Incident wave ®75\> pure oscillation D¥EEiC>
NWT, 420 case K2WT [H]I &M TR 32
order DIHZSL T LEHTEE UL S, %€

* EIREE Cietot TEDENTOEET B0
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— FORIIRIFE* O BXU L it 5 potential
2B, O LA T iy b & [H] &R
op3 i+ (hoy@oyz—Poz2)

‘H] it WY 4.
LT on V T+ hoy? “.5)
od,5 —ixw—x(hoywoyz—(bozz) —-U
H U DOV 0uE
(1] on v TRyt
4.6)
EWB, TTLTHEDTXTD case 2T
00, _ 99 , . 0DF
[H] an n L3+ 5 $s 4.7
EFEIF B,

X 5iCT T T generalized vectors n;, mi, (i=1,
2,3,4,5 6) #HAT 3,

ni 1%
ni+nj+nsk=n 4.8)
nid+nsjtngk=rxn, T r=xit+yjt+zk
4.9
mi 13
myi-+moj+mak=—(neplo=m (4.10)
myi+msj+mgk=—(nep)(rxv)=rxm+vxn
(4.11)

TEHZEIND, 2T T n IMKicr T4 16 % nor-
mal vector TH 0y,

v=p(Ux+®Po) 4.12)
Thb, LIEXD
_ —hoz
n = —
V1+hox? +hgy?
ny =TT:M7£: (4 13)
V14 hox?+hoy?
Ny ’*1*_':; -
V14hozs?—hoy?
ny=YN3—2N,
Ny =2, — XNy } (4.14)
Hg=XNy—IN,
My = —Dopaty— Pozyny— Doz s l
my=—Qoy 1 — Doy yta— Doy (4.15)
My= —Dozaty = DozyNo— Dyz2M3 I
iy = Qoyng—Dozhy+yny,—2zm; ]
ms—  Doany— Ung--2zm —xnty 4.16)
ms=  Uny— Doyn,+xmy—yny, J

T&H b, & 5ic slender body assumption I
steady term @, BT AMHEIC KD, SEBEICLT
VWARILDWVTI,
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—hoy

ny = 1ty —=0(1) 4.17)
ny VLA [1-1+0()]=01) 4.18)
ny=—xn3[1+0(eH)]=0(1) (4.19)
mg==— (Dozyty -+ Dozang) [1+0(eD) ] (4.20)
ms=— (Unyz+xmz)[1+0(e2)] 4.21)

DEEDIRILT %o my, ms O order i Py @ order
KE->TEDD, ULOBGRERS & A.5), 4.6)
Fxsic

[H] af: —iwng+m,

4.22)

o0

[H] " =iwns-+ms 4.23)

135,
Case 1. x=0(), v=0Q)
(3.88) itBINT
O, =030+ {08
ET5&, 01(F=3,5) &
[L] @iy +@i%:=0
i
(220
[F] 0,,=0
LB, THIIAENICD, &[F L near field problem
THY Do LEC XD IR T EMNTE B, Radiation
condition ¥, source density o(x) % {; lcHH4
ZELZIChbFohd &L,

=jon;+m;=0() l (4.24)

0 (x) ={505(x) +L505(x) (4.25)
LT B LE,
[R] @i~ei(®)Inr as r—»0(1) (4. 26)

& 153, gi(x) 3 conservation of mass DF{Ric &
b [H] &b vED OIS,
Case 2. £=0(c1), v=0(1)

LDEE 0,=0(52) THO, n,m=0(1),
my, ms=0(e1/2) &1 3D TLHIEHE O() iR
WAIEERLC LIKEE, OF RIS order @
potential OFICIFIF B &

D=tV T ¥i=0¥H)  (4.2D)
L&D, TH 5O potential OBEFRERIE IR D &
It be Uit (1=3,5;=1,2) LT (3.90) »5

[L] ¥ lyy+¥i=0

v,

[H] Vaz__:z’wm on z=hy(x,y) (4.28)

[F] gquiz—wzwli=0 on 2=0
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[L] Tolyy+¥s=0 A
[H] vagfrfz =m; on z=hy(x,y)
[F] gV¥sti—oW,i=—2iaU¥,i, 429
O(:1/2)
—2i0Doy ¥ 1ty + 10Dy W %
O(e1/?) on 2=0)

133, Uyt o free surface condition (& homo-
geneous 7 HDTHLY, U LALUEBEHNEKTH
BEEZOND, WV BRI DT >TW05e) T
ZT ¥yt 732 potential ZEA LIRDEIEAN L T
5bDEF 50

[L] waiw+l’f:ﬂ'u=0 h
H] 2550 on =5y
(4. 30)

[F] g¥si.—oWi=—2i0U¥,i,
—200Poy ¥ 1ty +10 D2,V

on z-0
Lchi-T ¥t &
[L] Tolyy+¥alyy=0 )
[H] ﬁ%i.-:mi on z=hy(x,) \ (4.31)

[F] g¥i:—o@W,'=0 on z=0
D& S ICBIESH, (4.27) TEHKE N S potential (I
Q=i+ ¥+ ¥y T Vi ¥st=0¥")
(4.32)
E#T B,

Vi (i=3,57=123) B3 2MERIRISMAEH
M EERICR T 2T > T3, [RIGHE
far field solution ¢ inner expansion KX - TH
Z5N3, (3.48)ICBWT source density 3

o(x)=0:(®) +0,(x)  oy=0(0y) (4.33)
EFEbEnBEL, 0:=0@0) THBLEETSLE,
(3.48) i

¢ (%,y,2)~Aniesr~ 4y g(x—2ty)

F4niers= v (0,(%) + 02(x) —2ty0, ()}
O(oy) O(eq) O(eay) (4.34)

Lo, thicky T o[RI&HR

[R] ¥ i~ai(x)es= iy 4.35)
[R] ¥ i~bi(x)esz—isv, by=0(ear) (4. 36)
[R] ¥gi~—2tyas (x)es2"icy (4.3D

kB2 ons,
Ui, ¥yt iz DT it simple strip theory ORET
B0, FEROWTEIC OV TEREMICHE & EHHHET

29

b0, TOTHEIBABRENTN S, U ORER
EHTH A D Ogilvie & Tuck? (1969) icLHZD
WENRFHRONTEY, Tt DD outer expansion
2 (4.37) DI EZEMRENTN S, THEDDS
Uyt QRS2 bDELTHD T ENTE S,

Case 3. £=0("1), v=0(Q)

ZOEAIT case 2 O & & EALHUEOHEEE
Do LL, o=0(eY), myms=0(1) L1556 DT Y,
Vi g Ut & O@/2) #21F order AELIL - T 5,
Case 4. £=0(1), v=0(")

(3.94)ic £ v leading order & potential (I rigid
wall condition %j%/-9, FA[HIEHE

90:F fon; + m;

[H] on 0() O(:1/?)

(4.38)

THBHDT, 0,i=0() » leading order potential
® order TH b, [RIFHIZ

[R] ®Pii~ci(x)Inr as »—~O0(1) (4.39)

TH, T case FHANIC casel L[FLTH b,
L/, L leading order term % [H] %&f}® lowest
term MmoHkFELLEDETLHE, TOD case I zero
forward speed O ENUTH 5, F/ (3.50) @
far field potential ¢ inner expansion & U—0
0 & & zero speed @ inner expansion (3.54) iT—
H3BDT, TD cased |F zero forward speed @
BAEEELTN5,
4.2 Incident wave h'%H3iE4S

§4.1 TH » T &7z near field potential @, {3 pure
oscillation (forced oscillation) ¢ potential TH -
7o Incident wave &AL DIEfA %KD 3 diffrac-
tion potential % ®p L4 3% & &, &K case 3 (case
3 %K:¢) hull surface condition i%

00p_ _ 0¢r _
[H] =T on z=he(x,y) (4.40)
&85,
g

& ix
7*Toae €2 (3.57)

¢I:Toaeile~i:x=c7en2’
L¥3&, Ol
Op={res20,? 4.4

TEHIN 3 0,7 145 potential THbahz, C
T @,7 & slowly varying function T& %,
Case 1. £=0(), v=0Q)
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[L] (D177j!/ +¢17zz:0

[H] 3(;);;72 — knges?

on z=h0(x,y)1 (4 42)

[F] @17z——— 022 on z=0

g

llfl’=<17ﬂ—'gﬂ’¢oz (4.43)

7% % potential ¥, £#BA 4 3 &,
[L] Z(}'171/11'*‘Wl"zz=0

[H] agn" :—lmae'z—i%’—rm

(4. 44)
on z=he(x,y)

[F1 7,.=0
D, Thid 4.1 0L EDU 20 DBALELA
Cx2icEH T EnTE B,

Case 2. £=0(1), v=0(1)

[L] @,7yy+®P".—x20,"=0

on z=0

[H] -»a—ﬁ—:~—xn3e~2 on z—ho(x,y) ) (4.45)

[F] —«®,+®,,==0 on z=0
I3 1/2 1 .
C opE I+ 3[R 1% ¢ A() =,Wz-D

THEZBAEHD, (362 T (363) k)
v wk
D~ — Y TE  pezginss
[R] ! J2(1+21)e “

x 0‘7(5)
¢

—oo

— =2t 4o, (x) {kyerr—g(z,7)}
as y—>0() (4. 46)
OHER B, 2T gz7) & T%—(ﬁ—l) Tz

NENEREINTHEH¥TH 5 (Appendix II),
U0 0L&bRALRTERI T EHTE S, TOHIR
BRI T ENTE, 191000 2 DOR3 x F]iC
EALT 2 SMTEEEEZDTHDOTH %,
Case 3. £=0(Y), v=0Q)

Frequency of encounter {3 o=wy+sU=0("1)
&1 @F'%E IHEMEITIL B DS, T DG case 2 O
> (1/2 D OB&EMUCIEZ 3 EBbN 5,
Case 4 £=0(1),v=0("")

case 1 OFEAIcFEb N forward speed DFE T
IR DIF & 135 DT free surface condition |3 rigid
wall codition 75 3%,

[L] @7y +9 2=

X

00,1
[H] an = T fMeest on z=ho(x,5)y (4.47)
[F] @,.=0 on z=0
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CTNRCHETEEILBNTE L > TR T
EMTE 3,

4.3 Near field problem [ZD\TOHEE

,c=_“§_=0(1) DPAIIE potential {3 near

field T rigid wall condition Zj#%Ed %, Incident
wave A3dh % & & & pure oscillation E[FE UHiOAS
T&5%, L»L case 1 T3 incident wave & for-
ward speed & D T#HMNEbHLN LA, potential DRk
AWIEHE IZED 57340, Zero sorward speed D &
%3 incident wave & DT pure oscillation
DBEEELHELRICE-TLE o

% 7- forward speed D% hull surface D%
Hizxtd 2MIEIEOE E LTHDLN S, /D5 hull
surface condition FEBEITHREINTTNERS
721y, L L steady motion potential @, (kD
HLENINEIICBNT, (R BERE S —E DN
) MARERFEMEL T D, ThOFIEELT
[H] &fFic &y OEGTSONAD, case 1 Tid
U=0Q) ¢420TIOHREREL, Ko &

L& U order THDH (4.24), case 4 Tk
U:=0('2) TH 20T UD%HRIT higher order T

% (4.38),

WTFhic LA «=01) D413 far field solution
0 inner expansion 7 SHISN S & 5T, potential
OFEEFE Inr THO, KHOEEE (0,2 KHE
7L xDADEKTERb SN, Thid far field pote-
ntial @ inner expansion I LD 55X 5N 35,

£=0(c"") OBFE IR ICHEBICT 2, FIC
forward speed U @ order % O(1) &3 % case 3
ICIRE DS 5, Pure oscillation @ & X {3 case 2
DOBRAEHIFLLEUT A 32) TEHRT S
O order HEILZDHBTHYHHED case EF L LD
KD T ENTE B, [H] &ffic forward speed
Wk BRI H 5751 T free surface TOD
[F1%&#ic b forward speed DFHIEENSEDON D,
Free surface condition (cE b 2HIEHDOEBKE T
far field potential ¢ inner expasion #* H 2 LHf
L TdhHb, (4.34) iT inner expansion HUREN
TWBH, AEZ TV BWE % iIcB Ty HHIC out-
going wave & L THTIT ik x—2ty TOUEIC

LHRENTTCLZDDTH S, T ORE for-
ward speed BHNEHTEHONEZDDTHY, ¥y K

potential



RELTI 3, Ogilvie & Tuck” RZOFHRI
(4.30) OEREREORTH S Vst L HBESH
22 EER LI, [HI&HD U itk 3MEE[FIL
Bicsd 3 Uitk 3HIER case 2 B X case 3
KRB XS ICFE L order THBEDT, &b LHp—
Fi2FAEZ B DTiZ consistent T L5, I 5IT
£=0(e1) D&% incident wave 255 % £§4. 2 TH,
% & 9ic diffraction potential (33> 3 RITIEAE
R T T T case 3 DA frequency of encounter
[CH e

2
®
w=wy+xU, =2

TH2E0T, 0=00E12) THirdichd ©=0
(V%) THBTENFFEN D, case 2 DA
w=0("1?), wy=0(c"1"%) T % DT pure oscilla-
tion X incident wave DHBZEALOVTH
ToXx LN TE, Incident wave DO H 5%
HAiC case 3 @ near field ® formulation 3/}
EHHEiC 1 5%, case 3 A3 case 2 DL TH AL EL
T case 2 OFEREM > THRODTRA L EAD
AN

DX HiIK#HEZDHE, Salvesen, Tuck & Faltin-
sen® jz X % strip theory (% §4.1 @ case 2, 3 ©
[Fl&#ick i) % forward speed DFHIEA MR L 72
bOE—KTEITLENTRZ LD, EBIe=0("1) T
incident wave D% % & & 3IRTRIEMNDH 3 &3,
> & 0 LTWABDT case 2 TfT » 7z slender body
theory 1T & 2 fMAES) DT I35 b consistent 75 &
DThH3ELA b,

5. HLHE

Z % TIt slender body theory it & % & E)
OEFBITHONTETOED, Eikc SHEEERLT
W5, MAERNICEDN S ¥ B B % parameter &
L, Z® parameter *HHARMFIREDERICXD
HEHREER LT AERIODEDOROERL £ 4
HLTW2, LhELhsoENELICTIY¥ FRic
Tod0LIEDbIEN, UL, BROKISLC
LIRS N AL NHREERIC BB S h T
25050, TORMXTIT-Ic kD BWERIAYT
HAHDo

ABLTE—A ¥+ OHELXBRAPIIREENDT
B-o&D L TWIWAS, strip method MED LS 15
BA D slender body theory ICfIEDF & 5Hh05,
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LT HEThM %, T strip method ®
ERAMAEEZ 2D, TLENOBHABR, H50iE
Rba BT 5 DICBRULODBDTH %,

Diffraction potential T2\ T#H U EHIT, T
NF CHEHIFRDONE R bDTHELIDT, ALk
BRECERDARETH S5, ThdPROABIY
=AYV OBEBRTHLUBOEZ OENEBELIH S 2
WHDTHAS, COBEKICBOTHRRT, 2 THK
STBBIRO2VTHEE— XV P EER LD,
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Appendix I. Inner expansion of far field
potential whose source density function is

slowly varying
Far field it 28RRMG. 45) 2L 42 ¢ &

(w3, =~L{" dkerrorp)

0o gily+ Va2
X dl -
0" VERR (ot Uk

(I-D

prlL o =" dkerra

tEbEhbd, TTTIRETIENIBECIRDES
LTEDLONG, [ IKMT 3H45 T pole BFEAET
3D (0+UR)?g> k| DEETH B, 2T Tf(R)
LNSEEAERD LD ICERT 2,

f<k>=é%2<w+Uk>4—

:%(k—kl) (k—kp) (h—ke) (k—k)  (1-2)

ceT k= [(2r+1)—«/1+4

N\

-v
2

N]t

[(Zr—l—l)+ J1+4s
[(21——-1)4— vi—4

<]
]
@~ v1-1r |
]

l\)[t:
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THbo ko=—0/U 33 LZ0JEFE Fig2 ok
Do k<<l BIUW by<k<lky, DEXRID
YJ2dil Ficid pole Z{F{EL 75V, Rayleigh O{RABEE
BAEBAT D E (0+Uk—intg 383 k HET
Fig. 2 o kS ickbahd,

‘ 0 k
kz ko K k ks
[k]
ko -2
|
k 19 k3
Fig.2
LizhiaT

2}_((0+ Uk—ip)?=A(k) +iB(k) (I-3)

Lm L, k<ky OEXx B>0, B>k 0L % B0
L33, ARETH %, wZic pole DHEI

P=(A+iB)—k=f(k) +i2AB
&b I=xxiy) (I-9

nyaohongs T or 520
1221 b= vfR)

Thbo LIA-THM C i K%magmgﬁ
(@, r>71[ D&% Fig.3(b) L7353, & 5iC steady
potential =0 DA k=0, ki=k=0, kr=—,
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ky=v &135DT Fig.3(c) DLk, £ zero
forward speed U=0 DEFEAI3 k> —o0, kg—>—00,
ki=—¢&, ky=x, ky>-+co &125DT Fig. 3 (d) ®
LIt B, BEMN BT 2N C TH %,

(I-1) kBT I=|k|sinhp & L THEIEHER
=75 &

3,0 =—L[" drewsor)
TJ—o0

) E‘;_wd# c;oshy—cciS}-(li'lH_Uk)2
g |k (1-5)
EFEbahb, far field solution (Ll DL S ik
banb, IKIC%F D inner expansion Z3R¥» 5,
1 «=0Q1) oE&
(I-5) O picET2HI%

eklzcoshptilklysinhy

cOSh/J Iklzeosh p+ilklysinh
1= 5_00 cosh#-‘K( e R ‘EI‘G)
cosh a>1

. _1 (o+UR? _
ceT K@ g |R] cos a* <1

s# &, T3 Ursell! OFHEAE2BRBT L E
I= {(—i—m——a)cotha}(ZIo(lklr)

(r—a*)cosa*

=43 (=D In( | kl7) cosmd {55}

+2K, (k]9 +4]z(—1)m-1

[gaannenn] i)

(I-D
EETZ, CTTHEIHOFFE
T>_}f DrE + k<k
- k<k
DEXT + kb
— R <k<hy, k<K
Thb, 1z y=rsind, z=—rcosh L LTH 3,
(I-7) @ Modified Bessel function i y—>0(e),
z—=0() L83 EE r=(+22)V2=0(@) L&h 3
DT r it LT series BB SN T

<<

N

I~— 21nr—2(1n|—122|-+ r)
rol{Zriocotha o (1-8)
L15%, 22T 7 |3 Euler 0EHTH B, (I-8) %
(I-5) kLA THiE inner expansion HSKE 3,
9 (I-8) F1EERAT S L
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—%jldk eitzg* (k) (—2lnr)=4a(H)lnr (I -9)
L1383, (1I-8) B2HERAT S &
——H.iwdk ei“a*(k){—Z(lnl—zkl—+ 7)}
:%5 " a o(e)fwdk ) (ln%+ T)

:43' de o(§)G(x—8) (1-10)

T G(x =-§%wadkeikx(lnL§l+r>

&13%, G(x) | Lighthill*® ¢ Tablel. %{f5 &

G(x)= ——é——d—sgnxanIﬂ

dx
BESNBDT
(1-10)= zj dEa(é)—[Sgn(x—G)lnzlx £
(I-11)
L3,

WRICE 3BT
trai—a=—f LB
(+ri—a)cotha=—pfcoth(Eri+ B)=— BcothB
ir—ta*=8 &tk &
(r—a*)cota*=—iBcot(x+if) = — BcothB
LFEIBZDT
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-—?j—oodkek (8 2{ (r—a*)cota* }
=2{7 azo® [* areme-apeotnp
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Table 2 Inner Expansion of Far Field Solution
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