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Abstract

The interaction between head 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 complete explanation of the problem seems not to have been given.

Although the same problem has been treated by both Faltinsen? and Ursell®,

Especially, the rational

radiation condition is taken into consideration in this paper.

The introduction of the concept of the interaction of the elementary waves, which are com-

ponents of Kelvin ship wave pattern, with the ship hull gives a rational result for the diffraction

problem of the steady ship motion.

The same idea is also applicable to the problem of the inter-

action of a slender ship and wave which are generated by a given pulsating source distribution on

some part of the body.

It has been found that Kelvin ship wave pattern is deformed and the transverse wave system

decays in &' when Kelvin pattern travels along a slender body.

And the waves of a pulsating

part of hull also decay in x~! when they travel along the rest of hull.
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B mER & BELIhi (3.2) © [FI &M%l
BT50T, ¢(@, v, 2) KT HEMRROL ST
5o

Ll (St

ox? +Tyz+gg)¢z(x, ¥, 2)=0
in the fluid (3.11)
02 a
[F] (W_HJ e )¢z(-7¢, ¥, 2)=0
on z=0

(3.12)
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Body boundary condition iz L TVt (3.6) @ trans-

verse wave 3 near field |z 351} % incident wave %
L3 % DT, = o incident wave potential (3.6)
% ¢8(x,y,2) LELL,

0 0
o e s
L%,
Near field T total potential # Ik, CHEFHT 5,
dr=¢,+dp+¢: (3.14)
Z @ potential 1T v=0(e"1) O KD T T O(ce/?)
% ‘C consistent &R LT 5. £ LT T D poten-
tial IAREE X D BRI TO DD TH D, My
BRI 725 LME X S5, T 2T
RS EHOEC DOV TIFELE LR,

oo, v, 2) ORIEHE M THEL, ¢8(®, ¥, 2) ITDOW
THEEEMZ THE <, TD potential 1% Appendix II
ORI S, x>0 TROXKDLLHHIWHET
H5o

$5(2, ¥, 2)

on z=f(z,y) (3.13)

N d v 1/2
=—1 S (:m) o*(k)e""’f””a’k
J

=vtp v 1/2 X
—_ 57 <_2(k +p) ) 0*(k)e—kz+tlcz‘dk

- Sz_,, ( 20 y_ %) )l/za*(k)ekmmdk

+i S"” <~l’—) Y r leyore e
v\ 2(k—v)

(3.15)
Z T p=0(e)=small constant TH %, DXL
A(k)e!kuﬂkz (3_ 16)

ORDOKEBEDERGEERDLT IO LD Z BT
%%, (3.13) @ body boundary condition & ¢z D
YEFIT X b ik 23 near field AT 2I8EL ¢ 0k
Y potential ¢z ® component potential
Dp(x, ¥, 2, k)=(3.16) (3.17)

WG T 2080 Ox, ¥, 2, k) #f§o 8 E 200
5, Thbbt ¢ WHTBEMIHETHEDT, #
Bk O, y, 2, k) OFLEEZ LT D, 20L&
0 BT B HEAMMETRD X 5 BT B,

i 0% 02
(L] (-BF+ T )(Dz(x ¥, 2 k)=0
in the fluid (3.18)
F] <~az-+lkl-a—>¢(x 2 k)=0
[ %2 2z )% VY, 2, k)=
on z=0 (3.19)
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00, 398
an “on
@: 1% near field D AET H % O T far field DiFEL O
matching %3 radiation condition YT+ %, = =T
X @: i X 1%L far field ‘T outgoing wave 3
DT LIDOEMB LV EHEET 5, (3.18)~(3.20)C
BRE SNISERERMEE, Myvikohic@rhifio
BALFALERZLTWS, HEXERGEOESS LR
RBRFTHY, REWT O LEWVEOHESD dif-
fraction potential ¢p IZFICTH %o
ZZT ¢B i
.r<<0

[H] on z=f(x,¥) (3.20)

IU*(V)levz cos (vx— +,8> 72

x>0
(3.12)
D < radiation condition ZiiE T %5, L L ¢ D
component potential @p (ZKD X 5icE DT Z LRT
&

; __”__)!/20* k)e—katikz
~i{ gy e
—v—P<k<—y
1/2
_< 2(k’j|—u) > o* (e kst
—v<k<—y+p
(. Y, 2, k)= 5 "
—_ kzt+ike
(2m) e
v—P<k<y
v 1/2 A
1 £ kz+ikx
1( 2(k—y)> o*(k)ers
L v<k<y+e
(3.22)

—oLr<o TEFINS potential TH D, Lint
-C @2 @ body boundary condition [H] (3.20) yxik
DESTET D,

611)2

[H] ()— on z=f(z, y)
(3.23)
T
0 <0
g(x)= 1 o>l (2.32)
THdo

Oy [T B Adachi® (1974) i & h Matched
asymptotic expansion method iz & - T fF T
593, T2 Tix §2 TIT-7 Ursell® Ot & EA




T 5,
@, © x T % Fourier transform {7\, i
%

EACE RS k)=gw Oz, ¥, 2, k)e~2dx

(3.24)
LT 5. OF T 5EME
] (az + 2 12>@*(z 2 k)=0
(L] (Gprt5s 2 P v 2 k)=
in the fluid (3.25)
) x
[F] (‘g*ﬁ)‘pé"(i,y,% k)=0

on z2=0 (3.26)

i
(H] - 4,2 k)
—_ _a_ Il )Sm —i2-k)z,
= A(k)< an ¢ 2 . g(x)e dx

= ——A(k)(% ewz>c(z—k)

on r=a (8.27)
[R] Outgoing wave at y=oo0
(3.25), (3.26) % X ¢ radiation condition %23
5 —x A

D¥Q2, ¥, 2, k)=p{P, B)UP, ¥, 2, @)

& pZ'M(’Z, k)
+ 2 k.,Ga)

Vom(2, Y, 2, )
(3.28)
chibhd, 2T
TR,y 2, a)
2ri coth a4, ¥, 2, @)+ 2R, ¥, 2, )
>k
2r cot anI(A, Y, 2, i)+ 2R, ¥, 2, tay)
—lk|<a<| k|
—2nicoth a9 (2, ¥, 2, )+ 2R, ¥, 2, a)
A< —\k|
(3.29)
Thbd. T, R EBLIC® Voam 1X (2.9), (2.10) B Xk
T (2.11) CEHEIN DI TH S, parameter a &
a FRATEHR NS,
| k| cosh a
11|

| k| cos ax

[2]>1k]
[2]<| k|
(3.28) OEBRZ [H] F£HALT pPQA k)
Xt P4 k), m=1,2,3,-- EZRDIITR, 1=
+|k| OiffFEo L & HRHEHEEE §2 oREELFEL
XO3TLThkDBZENTES,

v—P<Lk<v+0 O L X 0<k, X 5T OF VX 2=k

(3.30)
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DTED KT singular TH LD TROREZES,
¥, ¥, 2, k)

i

=— A(k) 5, —7 ¢~ A(l)md(—k)e*
(3.31)
1 1 12
A0 ) itk
>k
¥ Aty (— N orn
—TL' ( )(2k(k—l)> l)( ’y’z)
i<k
(3.32)

Eb. Zhd Fourier inverse transform % & % X,
Do, ¥, 2, k)

=L Sw DX, v, 2, k)ei=da (3.33)
27 )

Ak ’C{Sw i

== UL

+x Sw 5(l—k)e“’dl}

l d)ak {Sk eiix
——Ak) ek ) oy da

o eilz
+ S . Gy ‘“}

(3 . 34)
= — A(k)ekse™=H ()

1 1
—;A(k)< 2rkx

1/2
) 01k, y, yeserientia)
(3.35)
Li8%o (3.35) OHWHE—HIE —PsH(z) TH Y,
total component potential @r kR CEIHT S &

Or=0p+0, (3.36)
g g x<0
1 1 1/2 I
= . >, kx+ix/4
|~ ) 5 ) 03k, v, et
x>l

(3.37)
tEL LM TE D,
—v—P<k<—v+P DL E k<O, X 5T PFiT 2=
—|k| DUifE T singular T 5, EROAZET L

D x<0
1 1 1/2
Qr=d4 _— - = P ikz+i-x/4
§ ﬂ:A(k)<21r|klx> O3kl v, ettt
x>
(3.38)
TH5,

Bow component potential }I (3.22) ‘T&HbIhT
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xD, A(k) i (3.22) DIFHEEEL e®stiks 2R
FHDTEFRINTVS, Total component potential
kB OoWTHSRITS &,
—vtp
_¢1~S

—y—p

v+
@T(s.ss)dk-+g " 00(3.37)dk
v-p

O(|x[)-3/2 z<0

=1 L1108, v, 5 222

+0(x)3* x>l
(3.39)
LB b b,

(3.39) VIARE X 1 s < B 2 BRI % T O poten-
tial 5% %, MKOHHTIE d8 (8.21) L—FKL,
BH TG o8 LKL OTFHOFE potential |
o7t CREL, MEHEIES T RRSEA T
DEFMBROEND Z L2 b s b, (3.39) IXMRDORIT
i Oz DB L»HLEL RV E W S radia-
tion condition #HEL TV 5,

4. BEVHREO—EHINIETHTILED
Diffraction R

EH T E VIO BB TMRE L T\ 5 & &,
Z DIRBIERIC & o THA U B RE L Ty iz v iR
SCEETHE FHREIT, ZOREICX S velo-
city potential ¢(z, v, 2)e~tet 1 far field ITIk T
DEBZMET D LT 5,

P Py P o
[L] (ax2+ay2 azz)sﬁ(x Y, 2)=
in the fluid (4.1)

[F] (%—x)gﬁ(x, y,2)=0 on 2=0 (4.2)
[R] Outgoing wave from the oscillating part
cre x=%=0(e“) TH5 LT B, Far field 55

MkE RS & X, HEES —i<ei wdsrel, ¥
FLVE iR AL BT 44 L 72 pulsating source distri-
bution o(z)e it TXbINDHLLTL, ZDLE
far field iz %13 % potential 3 time factor e~ivt % 7%
LT

Kooy, D= =5 | deotd)
cha‘”‘ ;:ekz Jo(kv (z—8)+v?)

0 —K
(4.3)

CEbIXNh%, ¥ — 0(e) L7415 inner expansion |
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Ogilvie and Tuck!®(1969) it X %5 &, —i<x<! ¢
oz, y, z)~ia(x)eztisy (4.4)
TH D, 2k near field i k1F B HE IS % radia-
tion condition # 52 53D TH 5, Thbb MEM
D F5%E @ F T near field iz 35 1F % potential @
first order term ¢; 13 2 RICAITH D ROEMEZ IR
T %,
a‘Z

92

(L] <8y2 +@>¢‘(”’ ¥,2)=0 in the fluid
(4.5)

[F] <§__K>¢l(xv Y, 2):0 on z=0 (46)

[H] —¢1—V(x Y, 2) on z=f(x, 2)

4.7)
as Yy — o©
(4.8)

z iz 2-D boundary value problem & U CfE< =
LRTE, olx) i3 [H] HECHELTEDONS,
4,7 o V(z, ¥, 35255 &4 THY, o5
[BC slowly varying ©d % &3 5%,

REDR X D T 5 i (21> <o Mkl
Eomhi: ¢ OHETEE S olx) % (4.3) ik
A L7t %0 potential ¢ inner expansion OW:'ZIC
X > T HEEETE D (Appendix IID), T b b, ¥y —
O(e) D2 &

[ R] ¢1 ~ io(x)e‘“'i'”

< K )1/2 exzg—teztin/4
—_ — U*(—IC -

2 | |12
x<L0
¢(.’E, y,2)~ £ \1/2 extgirT—in/4
_<E> oXK) —— 77— 2|72
x>0
(4.9)

THbh, 2L T rapidly varying function T% %,
X »C near field ‘¢ Laplace equation & 2 YRICHY
Th 3RTHTHDEE 2N, HREERFZ
mAftshz &2 MR T 5 O T |2|>] TD near
field potential % ¢2 &35 & %, ¢ WL IROKMZIE
BT BERbhS,

® o
(L] (axZ*'ayz

aZ
+§>¢2(‘”) Y, Z)=O
in the fluid (4.10)
ﬁ>¢2(‘z) ?/a Z)=0

on z2=0

a
Fl (5
(4.11)

Body boundary condition iz L Cix (4.9) T525




BB incident wave potential & U CEfT 5D
¢, incident potential % @n(x, ¥, 2) EEL & AR
kT

b2 _ _ 995

on _ an
LB, 2DL X (2> TOD near field it x> 5
total potential ¢r %

dr=0¢5+p2

[H] on z=f(x,y) (4.12)

(4.13)
TEESND,

Incident potential ¢z {3 Appendix III X DEF S5
&3, A(kestits O pTRARTRDbTZ L
BTE Do

$5(x, ¥, 2)
= _%<%>1/2 {z S:_a _(K(ik(kk;)l/z’ekzﬂkzdk

+ S:M‘ %ekzﬂ-ikzdk}
¢ a=0(e)=small constant ‘TH %, T7bb,
Z TR SR §3 OEHMEL TV HHEMD D
DELELFUEEZLTWS, ¢ & ¢ O component
potential % @s(x, ¥, z, k) VXV D2, y,2 k) L3E
<&, O 2T OEFEMEIRIKDO X 55,
k—a<lk<tta &% k TxtL T,

(4.14)

0? a2 3
[L] ( EP + o +§:—2‘>¢z(x, ¥, 2, k)=0
in the fluid  (4.15)
a
(F1 (5 k)o@, v, 2. k)=0
on z=0 (416)
Py 0s
[H] on . on x>0

on z=f(x,y) (4.17)
[R] Outgoing wave from the hull
ZOMETIE >0 TOMi{A L incident wave & DfE
Fa#E2TVWHDT (4.17) X
[H] aa;’::=—g(x)%%a— on z=f(xz,y) (4.18)
L%, 2T
0 <0
g(x)z{ 1 . (2.32)
TH 5o
O, y,2 k) OMENL §1 @ ¢p & £LALTH
50T §2 OFEREFMTH L
Dz, y, 2, k)
=—0@x(x, ¥, 2, k)H(x)
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1 \1/2 o
—A(k)(m> ¥k, y, 2)etka+i=/AH(x)
(4.19)
L%, 2T H(x) ik Heaviside’s step function ¢
by, Ak &

i (kN2 aN(k)
o\ 2) e— k)2 k—a<lk<k
A(k)=
1 [/ e\2 a¥k)
~om '2—) zk—x)l/z <k<k+a
(4.20)

TEH XN S, Total component potential @7 I x>
0T
Or(z, Y, 2, k)

1 1/z )
== A0 o) O3k, v, et

(4.21)
THz bhb, Z it total potential ¢gr @ compo-
nent THEH2DTHEREREITH &
or(®, ¥, 2)
~Sj2¢ﬂx,%z,kﬁk

IR R RN
e R

% {ei-mS' dkﬂ
—a (Ic—k)l/z

e/t S‘H dkﬂ_
. (k—r) 2
1 " * ei:z
=2—ﬂf@o(ﬁ, Y, 2)o (K)T (4.22)

LB, x<0 DEHFEOVTHLELFL LS TE
%5, EFHECEVMEO—NBIREL TWwHEED, 7K
DOMKREDOTFHBITI DT 2 TRET %, £/

$u O EHANE T KT RIE B,

»H & M F

Rapidly varying 7[a]\ £ #5 incident wave potential
ELTIMRCERIT BRI 2V TERERIT > e £
LT, WRRAZEET S L EMELEOMEERTE
KaZFo52l, $htOERORKRE L2 BITINCHH
LPCT D ENTER,

Simple harmonic Z\WiIRIXMEZ R T 5 L X,
RiE2 z-12 T2 L, Kelvin ship wave pattern (X
1 T, U THREO RGBS UCTIRET 215
5B MEBITIB - THIE 27! TEET 5, WTh ol
HELIMEROFETHI X VEVERELET 5,
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Z ZTH#HT L 7= Kelvin ship wave pattern O34
Adachi (1974) ® 3D & —F L Tv 523, Ursell (1975)
OFERVIES 2782 THETHLE VI ZE TR ST
W5, MEO—HBAIRE L T B A D Ursell (3

z2 CTHETHHMATHY, T THLbhAbOL
118 7% %, Kelvin pattern ®RFHE D4 incident wave
& LT simple harmonic % FRKIE DT {8 DO
23 far-field potential @ inner expansion » L ‘THER
B Oh TR D, EHRN &Mk s OMEERR
RRVERAEWETHINIE, B ER
BEYEDIDOTHBEVZ IS5, X 5T, radiation
condition IR L T F/EOH NS BER T LT HE
FETh 5,

g CiRbhvie diffraction BIEIX, BRE X Y Hih
TSI BT 5D THHDT, ISTMEIT
B AWHOMT A LEE X 5, FHZ Kelvin pat-
tern DI ST EROMBIIE L TH 5 O THIRB AR
oD TH5,
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(Appendix I]

Helmholtz wave source potential &}

OMHE
Oi(k, v, 2) RORIRIRT BHIETH B,

(L] (Gt =k 08k, v, =0

in the fluid (1-1)
[F] (%—]kl)@ﬁ(k, y,2)=0

on z=0 (1-2)
[H] —a—(l)o(lc v, 2)=0

onr:m-§<0<%~(l—®

ZOBFEMEOIRIE |y > oo T |y|¥ (M HEE

B >0) TAEL XD DOLFTL unique T
O¥k, y, 2)="o(l k|, y, 2)+pi(k)el*l

e Twllkl y,2)

+mZ= 2m Ki.(k|a) (1-4)
EEE B (Ursell!V(1968)), = =T
Yollkl, v, 2)
_____(':p f >cosh# elklzcosn 4
e —w/ cosh —1
x cos (| k| y sinh #)d# (1-5)

Th5, 53 double pole #=0 % L TFiTiFmET %
BOBTTbhd, OF 1k |y|> o DL &
¥\ k|, y, )~ —2r|ky|e®=  as |ky|—> o

(1-6)




TKRkELBRD, £72 (I1-5) @ potential %

Yool Ik, v, 2)=2R(| k|, y,2,0) (I-7)
THDTEIRENDBDT(2.25) THEF I poten-
tial

Dk, v, 2)=2R(k, Y, 2, 0)—2R(£)e=*

- Vomlk, ¥, 2)
25 Reml®) =)

(2.25)
i, & (I-1)~(1-3) 2L (I1-6) @ outer
expansion 20z L a3bhns,

[Appendix II]

Kelvin source potential @
inner expansion

SEH B L TV 5 RN X 51Tl 2 KT poten-
tial 1% far field € v T, MEDOEECE?N
7= Kelvin source distribution a(x) TEb$+ T &R T
%%, Zd potential & ¢z, y,2) LT+5&

é(@, v, “>=S: oo —E, v, 2dE  (T-1)

1 (= .
— tkz,
=5 | akemo s, v, 2

(I-2)
LI B, zTT

o*(k):S

oo

o(x)e~*zdx (1m-3)

THY, TLT ¢k, ¥, ) ITRDO L SCRDbEN S,

#i0=\"_gu@, v, eeda (1-4)
L[ e )
To2m ). verk:

e—itz
ik (1-5)
oy
Bk T‘T)
xexp( " z—1y 5 VEE=Y
k<—v
__ k]
VyE— k2
+ ><exp(—-z—yI l«/vz k2>
—v<k<y
; k
Vki—y?
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l xexp(—?z—iy%«/ﬁ)
k>v
(I-6)
oz, ¥, 2) 1% far field (z=0(), y=0(Q1) £ LT z=
O(¢)) T potential #RbFTHDTH%, T D po-
tential D ¥y —» O(e) &% L EOWHEFIL, =T
THELRTNERLE W &1 v=0(") Th %
ZEThH B, v=01) OH)4 @ inner expansion I
Tuck!® (1965) X » TIKD X S5 25 T3,

oz, v, z)~—é—o'(x) In#»
O(olne)

—o | @@ meie—clsm -0
0()

~5 | ar@mme-o)
O(o)

+(2+sgn(x—&) Yo(v|x—£])]
(I-7)
Z 7T Hy(2) v Struve function, Yy(2) % Bessel func-
tion of the first kind TH %, EDOREEIZ o(x) 5 x
LT slowly varying function T¥» % Z &3 {H5E
o, (I-7) OHLERDTEDH 5 DREHD or-
der # 75F 3 © T, HBE M lowest order term
O(clne) THHTZ EMBb2 5,

v=0(c1) OL&LED T TD inner expansion |¥ Reed
(1975) TX > THALN TV B, LOFHRITILEE
FOHEBH B, & 2 TIREEITOEED®DIT inner ex-
pansion 15 L {EKL 2 & &7 5,

i (I-5) TRLENBMOEELHILDOWT
%5t 5, o (I-5) T —% @ factor #H - T

+higher order terms

—2zx(II-5)
=2 S"“ at exp(—yv t2_+k2)
0 Vet
exp(—yvVE+EkE) o
Vit k2 t—i-k2jp?

cos (£2)

2 foo
+z’"—S dt
V Jw

=2Ko(ik|r)+ii:—z-l(k,y,z, v) (1m-8)

LEF 5, Ko(z) 1t Modified Bessel function ‘¢ %,
b I
(" exp(—yvELrEk?)
Ik, y,z,v)=i S_mdt*-—‘/W
k2/y cos tz—t sin tz

prkipr (LY
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LERENS, (I-5) OEZHiC X % potential & (1I-
2), (I-8) icxby,
5@ v, 9= por | abera RK K ])
(I-10)

oo

1 1 .
—_—— — ikz,
Pz, y, 2)= o S_mdke a*(k)k?

©  exp(—yvYB+k?)
X Sn )
k2/v cos tz—t sin tz
t2+k4/y2
LIDODOHFIGT T TEL LR TED, 61 T2V
TVE Ward®(1955) iz 5 » T ¥y —» O(e) T®D inner

expansion (X

¢1(.Z', Y, Z)

(I-11)

1
~;a(x) In7»

e | dz @) n2la—¢|sgn (o)

+0(elngo)

Lixb,

é2 1 y=0(1) T ¢ > 0 ® L X exponentially small
SR FFODT, XD ES% potential X IR Y FR
WTkL, Thbb
S“’ exp(—yvVE+E?) k2vcostz—tsintz

0 at vtk 124 ktfy?

(m-12)

<%Ko<|km

THHDT, L k=0(e%) (d;=small constant) T
H5UD, e 00L& |ky|=0() ThHH, Ki2)
D z-> 00 DWLEMBWELYD Kik|ly)~e " as
e>0 THBDT k ORHT [k|>e=ar OFSF
X ¢: 1%t L ‘T exponentially small % 5. U4 Lk
v, ELHIECHETERMTITEVT, eM=a; (o=
small constant) & 33< &, t>ar O

S‘” dt exp(—yvVE+k?) k2jvcostz—tsintz

g vtk N

o vt
<S a2 = E(yas)

ag
CTHER XN 5, Ei(2) 1& Exponential integral ‘Té 5,
Yya=0(e) TH %5 DT Eiz) ® z— 0 DEIRLHY
MWHEEY Eyas)~ete—"" as ¢ - 0 T b exponen-
tially small ¢% %, X 5T ¢ % far field ©
ay

1 .
o S_al dkettro¥(f)k?

(272)

[ T
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