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Abstract

The interaction between haed sea waves and a slender ship is analyzed by the slender-
body theory under the assumption that the wave length of the incident wave is of the
same order as the beam of ship. The main purpose of this paper is to derive a solution
that is valid at the vicinity of the bow, where the asymptotic solution by Faltinsen?
showed x~!/® singular behavior. Since the bow part is singular region for the midship
solution, the introduction of the bow part near field is effective to obtain a solution
which will be valid at the bow.

The problem is treated as consistently as possible. The final integral equation turns
out to be similar one as Maruo? derived. In order to calculate the pressure distribution
on hull near the bow, an approximated formula is given and the boundary value problem
which has the Helmholtz equation as the governing equation instead of the Laplace

equation in the strip method is also discussed.
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Z @ potential DR & MAEEKARMZ, slen-
der body assumption k¥ (3.28) LR UEICic
25, b BL

[H]

THs, (41D % [H] RFRALTr®) ZED
BT LEWHRETH L, TTT

A= O on z=h(xy) (4.12)

%Lﬁ Ve(y,2) on z=h(xy)  (4.13)
W -
= Vn(3,2)  on z=h(xy) 419
L BE, (411, 412) &b
X
{~2@m0 el dz Jff_) Zhe +2nir ()]
= _4717/(.%) { Vr -l-mi:{)m Vm}/ agv s
on z=h(x,y) (4.15)

ORREE L, TORDELRZ (3,2 OEICL ST
BTHIOT, BELIZ2xDOHEICH L THLRIEKE
o hiEK ok, 7bb

* COREBARD DEZERED LRI B, ARD

ﬁfu(w+%)mmofméoﬁﬁﬁmcwﬁ
ERIC order DIHMIEDR TR T3,
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b 0
Vr(¥,2) "‘mglﬁm Vin(3,2) = po N [4

on z=h(x,y) (4.16)

EFET Do po(x) BEE LI x icfIL T (3,2) 1B
LIEBOVERTH S, MAENE LN 2h DR (0,2 i
DOTERDERILT 2 &3 KB/ NEAREZHNT po,
Pu(m=12-----) OEMUFBRRNEHE, ZhEHROT
Do, Pm RRETHENTES, LIch->T (415
[

(,JE,)‘/Z 1/45 s (&)

W {po+ }r(x)

= (4.17)

sy, chid 7(x) B L THE 28 Volterra Af
HNEBRRTHOEMENIC r(x) 2RD 2 EHTEET
b5, LR 3.36) L&<{EALTHY, LHED Y
(x,9,2) 13 bow near field O E—¥3 5, (Appe-
ndix TI)

Do(x) %3R3 % DITALR IMHED BTS2 (Yo, 20)
(B 713 keel FOEE) 2i-T

€%

Dbo(x)= { Vr(¥o,20) +:§°:=fl"m Vm(yo,zt))}/ B.aN

(4.18)

&L, P'm i3 (416) &0

VR(y,Z)/-a—aN—e”— Vr (yo,zo)/ 3(3\7 ex?g

_gx2

w3l V0,2 [

— Vi Yor20) / e }—o (4.19)

ELTY m ZMANTE LDV DD izl - T/
HREEICE > TRz, Po(x) 12 (4.16) TKRKHTH
(4.19) LLTRDTHEZTHD, HEEZTI L&
REHEAEERNTRD,

Pl ki & 0 B DO 13 §31Ti8 <7z bow near field
BT LB EEIUTHE T Enbh b, BhicZD
13 x—~>0(1) T Faltinsen l[c K2R & —%T 5 b
DTHHDT 4.10) TEDbENE v & Un DM
#&lc & 2 potential 13, WO Eh NI RE
ic X 2 KEE M E 2 BT 2 TOMKIS THD
THDOTHBLER %,
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5. EHEHOHE

MR K BRI, EBMELELTHE YN
b ENRINETHENTETL BBREHDHRA
LOREDTFiciib & ET

0
PZ—PW(‘N"‘S#D) G.D
TEHE SN %, Incident wave potential |3
¢1=CexZei(a;t—:x) (5 2)

Td b, diffraction potential ¢p &,
bow near field x=0(¢) T
Pp(%,9,2,8) =eitot=en [ —cexz+A(x)
x et fop(s,0) (G, G-1ds) ] 5.3)
c(x)
midship near field x=0(1) T
B(%,3,2,8) = eitet=e [—cest+ A(x) fert

+{su(s,006,+61d5] 5.4
clz)
THZ 5h2, CCTAWX BV AR dzheh
#=0(); Aw==IB <0 6.5
O); Ay — - TD o
x=0(1); AW)=—- E(’i 5 0(:4/%c)
5.6)

TEbEh, r(») &
#=0; () N dgy(§)

o x—§
1 i -
Lo 4n:E(lc ) EGE TP=C 6D
2 z d (8)
x=0Q); (772%7)1 e‘“‘“.o er—f =c
(5.8)
ORESHFREREEHNTEONS,
)b &
) T(x) ilwt—sx K2
pipe G € e
+euts,0 06, +61ds) .9

cl{x)
TEHEENS, 1(x), BV E(rx) 2HIZZ LTk
WEADKRE S, x—01Q) D&% (5.8)
ETHIIT

. . AL 1
. in/4 m
p—tpace (rucx) 47 ECr,x)

xetotsd {ers - frp(s,£)[Gy+G-1ds} (5.10)

&1 B, AT E(e,x) BE(BDIEER P E
2712 TRDLTN T EMbns, X 5IiC incident

13 explicit



wave €k B ENE

p1=—ipwcetlot=s gxz (Froude-Krylov force)

5. 1D

THBDTGE 100D P F(5.11) & arg(—ei='tsgn(E))
DHNHDENS 5 EHHir 5, Bow near field x=
O(e) EER r(®) & G.7 EFEWICELETN
FEREIBOMNES TiH-ck ik 7 (x) koL ic
EMENB ET 5,

(4

1= /2 S T
K ~ir 1 1 ~ix _4...1*‘,,
2(‘27 ) L e %))
x=0() (5.12)
ZoEE, Ol
p:

—ipwc eilet=r2) {e"z-}-f/)c/z (5,6) (G + G ]ds
c(x

ol B N iiragira g 1 pins

1 {2( 2ﬂ) e 2}47:E(:c,x)
(5.13)

THZ 5N, MEOHEL TR w5650, E

(£,2)=0 KHBLEZLNBDT, x>0 D&%
2(s,£)—>0, E(x,x)—>0 &L T
= ._Z'pwcei(mt"xx)gxz as x—>0 (5. 14)

t13, Thix (56.11) @ Froude-Krylov force &
ELTHb, b LMEID TREEES I Froude-
Krylov force ic% L<, ME X DEENZIHEN(5.10)
Th 2 b5t % Faltinsen OFRICEZ T EBDM 5,
LT LEERICL>THHEIPDLNTINEY,

6. HLpE

O ohicEpiicfiEmic & % diffraction
problem {3 bow near field %2 52 &ick D, M
HiRE et MEaLER T, AENEREEY LY b s
MAERETH BT EDRENT, TTTHEATVIHE
MEE, BERICBOTHRED x FHOBIRELE
transverse SHICXH L TR 20 THEHDENI .
X SICME W blunt TRHWELTWBODT, A7)V
MR R AE 313 E S T ik Froude-Krylov force
I >TNBZ EMEEICHETES, L LE%
Bt THMAT SRR 1T { lc Do T diffraction 53
K&, 0hwa IRICHBEIHET XL L
%,

CDIWILEELIET LT L4, Volterra MO
AHBRERPRITE S0 H, BUEHEIC RAEW
R RS, HRERLBRNERETH 5, fHEERD
BRI E(e,x) (XU po(x,%) (4. 16)) DFEIE 2-D

9

Helmholtz equation %ZHgAfER &4 % R (ERE
ZfE i S, i strip method icB W
T Laplace equation Z%3CE: 4R &3 5 BRMM
MEERPREN OBV EELFUTH 5,

2 £ X #

1) O.M. Faltinsen: Wave Forces on Restrained
Ship in Head-Sea Waves, Doctoral Thesis, The
University of Michigan, Ann Arbor, Michi-
gan (1971), also: A Rational Strip Theory
of Ship Motions: Part 2; Report No. 113,
Dept. of Naval Arch. & Mar. Eng., The
University of Michigan. (1971)

2) ARHE, HEAKREZ OO HOMEWYIKIC
B BEEILD 0T, BAREMFRHES 136 35,
(1974)

3) F. Ursell: The Refraction of Head Seas by
a Long Ship, J. Fluid Mech., Vol.67, (1975)

4) BERZ MO SHERICE 2T BIONT,
R TR IO A, 14, 45, (9TD

5) F. Ursell: On Head Seas Travelling Along
a Horizontal Cylinder, J. Inst. Maths Appli-
ca., Vol.4, (1968b)

6) T.F. Ogilvie: The Wave Generated by a
Fine Ship Bow, 9th, Sympos. Naval Hydro-
dynamics, Paris, (1972)

.7 F. Ursell: The Expansion of Water-Wave
Potentials at Great Distances, Proc. Camb.
Phil. Soc., Vol.64. (1968a)

8) F. Ursell: On the Heaving Motion of Circular
Cylinder on the Surface of Fluid, Q.J M &
A.M., Vol.2, (1949

9) MABE : RO ER D 0 Ok OMEico
WT, FR2RMAERTT SRR RS, HERE,
(1974)

10) F. Ursell : Slender Oscillating Ships at Zero
Forward Speed, J. Fluid Mech., Vol. 14,
(1962)

11) O. Grim: A Method for a More Precise
Computation of Heaving and Pitching Mo-
tion Both in Smooth Water and in Waves, 3rd
Sympos. on Naval Hydrodynamics, (1960)

(367)




10

Appendix I HplFREEHOMREL

Incident wave potential ¢: A X7z A
KERBEHRETBELTNBDT, wave slope i3
o(1) TH3BELTEL,

¢I =cerietlot—xx) K=O($_l), 2= O(e) ( T ~1)
E95EE, EElR
"=—i.&£ _—_.__lia‘ xZpilwt—x
R T I T ] P
= __i‘f’_ceum—m (I-2)
Thbh, BRI
2r _2zg _ -
A= = 0(e) (I-3)
& 5T wave slope &
Bl _elgc _o1y=0()
d=small constant  (I-3)
EEDLTTENTEE, Th&D
c=O(%255)=0(63/2”) (1-4)
THb. THHD
dr=0(e/2%8) (I-5)

THb, chdgr PREELIN B L&D order TH
%, TMDZ LT incident wave OFEED O() O &
EFELVWEWVWZ D, é1 EMAEEDERICK > TET
% disturbance potential ¥ #id, far field ic L
T g1 L UHMBULE NI AR REREE o T &8
REWCHP B, Near field TOREEAEZI LT EiC
43, T T Ti slender body assumption ic kD,
diffraction potential ¢ transverse J[ajdD#%> D
order

,aaquTD: O (5-1¢D), %ZO(E-'SZSD) (1‘6)

THh, Fi, M{ED longitudinal H @D ICD
WT IR ET TREDOERELS 0 TH O,
T 0<p<1THNIT ¢r DIEMADS 2 icBALT rapidly
varying TH 3D T,

99D kg p=0(:"1g0)

THb, Thid bow near field T& midship near
field THHRILT 2, FAKREMMICOVTIE io O
factor P 5 LKL EZDT

(I-D

_Q%__:O(s—l/wl))

Thbo MiEKERN
(368)

(I-8

D Gotgr)=0 (1-9)
E3BDT, ¢p O order i
$p=0(p1)=0(e?/2*3) (I-10)

EEZOND, COEEHBRERAER

(43 st 380 (3207 (00 32

O(8) O(e*%) O(er*23)
=0 on z={(x,3,t) (I-1D
TdHD, lowest order term (I O(e'*) THB T &
Bbhhrd, £-T

[A] ¢=—L1 2805920 oy =o(s)

on z={(x,3,t) (I-12)

THBDT
$p(%y,2t) % 2=0 DEDLOTEHL TEK M IC
lowest order term & LT

[A] gc+3ai;”= on z=0  (I-13)

L1753, HHEBTO kinematic condition {3

98 , 8¢p 9L | dgp 9L _ d¢p_
[(B] Fran ox ox +797—a}_ 0z
O(s1/2%8)  O(e1/2+28) O(s1/2+28) O(e1/2+9)

on z={(x,,2,t) (1-14)
TH5DT, lowest order term 2Tl

[B] %‘*67;5122 on z=( (I-15)
E8%, (I-13) & (I-15) AEU2i3T
[F] (,,,agéﬂ—[c)qﬁpzo on z=() (1"16)

7 ¢p 1T % lowest order term D [HHEERMH
L1155,

VIEX YD near field e T (I1-9) %ZiEET 3
potential & (I-6), (I-7) BXY (I-8) o
BERFOLSHARERML far field itk 215
LS NI BFHEEDOTRELF LKL >TWBC &M
Db

Appendix II Bow field A® Inner expansion
Midship near field ~® outer solution ¢ inner
expansion (3 two term X T&E 3 &
dp(x,y,2,t) ~eitot=ca) grz

N [—- ( K ,)l/:e‘in/45w.6§r_(5),

2 0o yx—¢
0(5—1 /27,)
+elyly@—ew BB (en
o) o



THZ bh 3T L% Faltinsen #55R L7, Bow part
near field ~® outer solution @ inner expansion
@ leading order term > Tid (I—1) T 2—0
(e) 952 L THOND, source density function
7(x) 13 slowly varying TH 205 0<é<x TV
EEOEHEZE - T (I—1) OE—HOBES T

s der(§). dg -
= ) W= (OO
0<xo<x  (II—2)

& &} %2, Bow part near field Tid x=0(¢) Tdh
B30T, OB OEY) THET EBDNPE, T
73bH, bow near field iICBLT, outer solution
D one term inner expansion (3

172
¢D(x,y,z,t)~ei(mt"xz)e;z[_(A’C__) 72 minst

2z
z
¢sr<f) eyl — el,/zz.(i] (1-3)

o) o o
Th o, (I-1) LELEOREE S, (I-3) Tx—>0
D) &35& (I-1) KRB ERHLLTD %o
Faltinsen Hf7 - 7= FEECEE (1I-3) DD bow
near field @ inner expansion ZR¥H2Z &L Tx
%,

Midship near field & bow part near field T
leading order term @ order % O(eV/2) R
253, leading order term I, FhFhOMHEET
incident wave potential &[@ U order 785D T
7(x) @ order PRI K> TRILB T LICE B,
Midship near field &5 pm & bow part near field
TOH Py & DR pm—po D order 3 O() TH
5DT

Im—ib __Ofe-1/2
Dm—Do =06

'6%50 r(x) » slowly varying &L7zh3, bow
part /» 5 midship near field Tk 7(x) @
#Ziix O (eV/2) THAHT Liclid, LHL source
distribution (%

I'(x)=r(x)e iz (1L-5)
ThH50T I'(x) OE{KEF O THY, 7=
[c#~T rapidly varying &7 -T2, (%) i
FhEnOEROh TR EER OCEV) LD &/
X< kb slowly varying ThHoHEEZL OGNS,

(-0

1

Appendix III [ EMEDOTSOMBEORIZD
W

Al & MR & O-FiB% £4 9 potential (ZJIRDIE
REREOMIc L » THbEh 5,

2 8
[L] ("W*a’%’z —xZ)W(E,y,Z)=0
in fluid (m-1)
0
(F1 (2 —#)Fy=0 onz=0 (-2
[H] %W(/c,y,z)so on z=h(xy) (I-3)
ZFLT r=0+22)V2 35L&
[oo] | I<ArM IaWI<A,M
as r—>oo where A=arbitrary
const. and M:integer  (II-4)

L1254 potential {3 unique KkKEF %5, (Ursell®
1968a) #ic M AN 2=h(x,y) (x=const.) AP
THarEE, V3koERARXNTEDEN S,

U (r,y,2) =5+ A0So(9,2) + 5 AnOn(3,2)
m=1
(Il-5)
2T Se(3,2) BESicE,M/z wave source po-

tential Td - T [L], [FJ, [oo] xR, &
RTHAION 5,

soo-H(f +f )omhey

X gszeoshticysinhagly (1-6)
$72 On(3,2) & [L], [F] RHBZHREL >0 O
& & On(y,2) >0 L7355 wave free potantial T
%
On(y,2) =Kom—o(x7) cos(2m—2)0+2Kom_,
(&r)cos(@m—1)8 + Kym (k7)) cos2mb

(Im-7)
[HIREEHRT 5 & O RAOBEEE Ao, A1, Az,
EEWDHTEMWARETH S, (-5) TEHLbxh B
system {3 2-D EHHEBERICBI 2HICIUTN S

(Ursell® 1949), (IM-5) @ E&EEN AN EASHIE
WEWBAICRBVENESZ 2 EEDN S, £R
OWEERICBEHINILOTHA D, 2D X138
b BHEN FH:E LT, MEOER Fic wave
source Ay & B HHididH b, Z DI potential (T

U(ry,2)— e~z+5w(s' )

o(+)
X AGLry, ez37(s"), 68 (s) ]+ GLry, k2 — k7 (s"),
eC(sH1kds”  (W-8)
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THbhEN B, (Ursell 1968b) z 2T
G(ey,x236m,60) = Ko (e[ (y—7)2+ (2— )] 172}
coshp+1

+l (?j}m)k

coshp—1

X gie (y=psinhute GHOcosbudy  ([-9)
TH b, y=7(5),z=L(s) BWE c(+) (>0, 2<0)
%4 parametric equation TH b, Z L THES
& e(+) K-> THbHH B, Source density o(s;x)
EHMICGEST ek (T-D~(M-4) %:i%ET 3
BB oI5, MAKRESRMEC (II-8) 2RATE &
a(sik) B d %% 2% Fredholm equation

xa(s,K)— jo(s' x)[ 9 G(s,,55K)

c(+)
+AaaWG(s_,s';:z)]ds’=%( ) (T-10)

BELN, THNEROT o(sk) Z2ROBZENTE
%o

(I-5) DREEAREEES », T (QI-10) ZHH
T (IM-8) T potential 23R» 2 IHBHTH 325,
ERDEN S 2 2DFEOMICH 3 BFICD>NTER
A5 &R, fMrodkicroEBbhd, 2-DEE
DB L T (1793) 13, Ursell (1949) off
HBEBATEREOMcH 2EROBREET -7 T
CTH B EE A 2-D Helmholtz equation %1t
AR &9 5 potential ¥ K2 WTH Do

(I-9) @ Green function % (M-8) itRALT
BETZ L,

erlis)

o0
U (k,y,z)=es? +5 dpeszeoshpticysinhp

—o0

X ‘l ko (s, k) Re {espcosh (p*ip) — g=xpcosh (pif)} gg’
deh)

(J: +f ) cosh ¢ _COSN U pezcoshptixysinhp
coshy 1

xj ka(s’,x) Re e~«ecosh u*ip) g/ (m-11)
c(h)
LT
K, {K(yz 4 22)1/2} . %S d‘ue;:zcosh‘u+txysinhp
-0
(IM-12)

DOREFRAEFE > T b, T

p=p sin B, {=—p cosp (Im-13)

THb, (M-11) @ Re i3 real part 2B &%
BT %2, ROMK

(370)

1)n+m
nl 2m)!

Re ¢ xecoshutip) = (Icp)"”""

ﬁMs

Pl

(=

n

) COSh{l)'“'zm—z"
(I-14)

Re espcoshiptip) — g i“o ( 7)71)’ (,Cp)nﬂm

m
+cosfsin?mB 3 (—1)"
=0

/\

o n!
-cos"ﬁsinz"'ﬁﬁ(—l)r(’:’)(coshﬂ)nwm—zr
(1-15)
% (I-11) AL,

cosh v 1 kot
coshpy—1 coshp—1 +sz=:oCOSh ‘. (I0-16)
ZRHT 2L,

W(x,y,z)=3:2+j d/l erzcoshpticy sinh g
XS ds’ka(s’, IC)E Z (=Dm{l=(=1)n}
c(+)

n=0 m=0 n!2m)!

X (xp)n”mcos"ﬁsinz’"é%(-—1)’ (’:l)
X(coshp)n“z’"‘zf—i-(? +°; )d;z

Xetlcosh;x+irysinhp5 dS’IC(ICS'E)[ cosh ¢
cl+) cosh x#—1

Z( 1) (mp)"cos"B+Z,' 5 (=Dmtm

n= om 0 n/(Zm)’

X (sp)mimcosnpsintmp 32 F T (~1yr(7)

§=1
x coshs ,u] (I-17)
185,
at (—l)n n 73 = g~ K pCOS,
) 7—(£p)cosnf =g racos (Im-18)
n=o0 n!

ThrDOTERBESIC
U (k,9,2) =exz +so(y,z)4j'ds/w(sf,x)e-mosﬁ

c(+)

(o]
+2§ d'u e::zcosh;ﬁ'icysinh;xj dS’ICU(S’,IC)
- c(+)

<[5 5 b

B B Oy TomY! (kp)in*ameoginBsinimp

(1~ "P"Osﬁ) % (—0r(” )(an:m'z&shsy

2n+1 s=1
(Ir-19)
BEON G, FEIHED (L-7) O On(¥,2) TEDLX
NHZTELEBIROEIIKLThHR S, TiEbb,



v
% coshspr=(1+coshp) Y, (coshp)?!
8=t 8=t (m-20)

LEFZ0T (M-19) OEIHED pitflT B3

oo

5 d/le‘ZCOShr“”“ySi“h/‘(l+C0$hy)(coshﬂ)zs"‘
- (m-21)
L3, 2o Ursell®(1962) @ (2-41) %EF|
iR X
o1y [ 1)¥ 7% (2s—1)!
(m-21) (2) 2 =Tl (s+ k=151
c082k0 +2K k- (x7)cos(2k—1)0
+ Kor_o (k7)) cos (2k—2) 0}

=(L)“ 23 (2s—1)!
2] & G—R)Is+k-1)!

(Ko (x7)

Ok(3,2)
(m-22)
Thh, £-7T

¥(k,y,2)= e'=2+So(y,z)4S ds’ ko (s, k)e recoss
()

13

+ . dszca(s /:)Z Z‘

(=m antom
% L i

cos“ﬁsinmﬂ(l———wcosﬂ )72( 1)( )

N4M-7 717 2s—1 8 (25__1), )

Z (2> Z =k Gra=Dr 2
(Ir-23)

L1, ol (M-5) ERLTHBT EMbMD,

Wave source potential DRED i L D

Ay 4{ | ds'ra(smescs (T-24)

det)
THD, thit 2-D &EHAED Kochin function
EHUORTH B, T/ (I-22) DT O(3,2) %18
SR Dic, (M-21) OEAKOF E potential £EKb
T LLABETH D, TOBSIR 2-D &R OMET
2 Grim'™ (1960) OFEFRRNEMMET EHDTH Do
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