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Abstract

In the present work, a two-dimensional boundary-value problem for a large amplitude
motion is treated as an initial-value problem by satisfying the exact body-boundary and
nonlinear free-surface boundary conditions. The present nonlinear numerical scheme is similar
to that described by Vinje and Brevig(1981) who utilized the Cauchy’s theorem and assumed
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the periodicity in the horizontal coordinate. In the present thesis, however, the periodicity in
the horizontal coordinate is not assumed. Thus the present method can treat more realistic
problems, which allow radiating waves to infinities. In the present method of solution, the
original infinite fluid domain, is divided into two subdomains ; ie the inner and outer subdo-
mains which are a local nonlinear subdomain and the truncated infinite linear subdornain,
respectively. By imposing an appropriate matching condition, the computation is carried out
only in the inner domain which includes the body. Here we adopt the nonlinear scheme of
Vinje & Brevig only in the inner domain and respresent the solution in the truncated infinite
subdomains by distributing the time-dependent Green function on the matching boundaries.
The matching condition is that the velocity potential and stream function are required to
be continuous across the matching boundary.

In the computations we used, if necessary, a regriding algorithm on the free surface which
could give converged stable solutions successfully even for the breaking waves. In harmonic
oscillation problem, each harmonic component and time-mean force are obtained by the
Fourier transform of the computed forces in the time domain. The numerical calculations are

115

made for the following problems.

* Forced harmonic large-amplitude oscillation(w=0, U=0)
e Translation with a uniform speed(w=0, U#*()
The computed results are compared with available experimental data and other analytical

results.
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king & over-turning waves), W& % vf A& A
5 AFTU 71717 AXE AE Ay ‘ﬁﬂf&
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78 X 71(Plunging breaker) A8 & ]38} 4 &4 .
o1 ol¥ Faltinsen(1977, 1978)2 4224 B ¥ W&
Abgsta] o) FEEAN HLstgoen, 1Y
A2 A e](Green 2nd identity)& A}&8t 2319 7§
A e FatE a8 EAelct A g3agl ) Vinje & Brevig
(1981)+ ZAl(Cauchy) Fal & AH&-3te AA &%
FA g Frsta LY RIS AHE 8
BeAe detsa, B@Fe &% FAE AL
t}. Dommermuth & Yue(1987)+ 1U(Green) A2
Y g ol &3te FIAFAUL A 329 FAH
Ao i EaAe FeEsa EAE HHAH
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Hx Green T8 FXHESIA P
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EE 2R 2RV AR, FEELEE ol
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g ul7b 9ldh. =% Chapman(1979), Kim(1985)-&
el Wy g AlE3dle] o] EAE A
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Legend 1 The charater of integral equation method

oz, AFE

Integral equation type [
! Freesurface Body-surface Dimension Matrix type etc
Source Distribution 2’;;:;: kind of g‘;hﬁ“d kind of 23 Full Matrix 2.~ on BBS.
Source & Dipole D. gf;h?li kind of glihiel:nd kind of 2,3 Full Matrix Complete
Cauchy-Theorem !onheFr:c}?:Sn kind g‘;hs;cm"“d kind of 2 lteration or F.M Complete
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A oleie HEAS LM AFE PPl wat
$H WEGGol N HE P AN SEEAA
®e thg# 2& 2D Laplace WAL BT}
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Y=Uyy~yo)— Vo(x—%5)—1/2 6 R? (2.5)
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FAAM e B Aot} BRI 5] A A=
2g AREty Mg e 27202 L3
Zth

(2.6)

D
=" —
0 , y<0, t<0

g RAgose £ ¥H L et W
Yol A e FEAA o 2 BE ¢ 2.D Laplace 3
418 Ego

Ap(xy;H)=0 ,t>0 in Fluid domian  (27)
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Ca . _ (2.8)
atz +g ay =0 ) Y'_O

olth. AW AARAL e 2ok

22 0 ,at y=—o 2.9)
ay

rg zde 08y 2o

Apl > 0 , at |z} &> (2.10)
z7zde 02 2o

p="2 =0 , y<0, t<0 @1

3. 2Me sy SXIAL Yy

3.1 o geolMel Myl

Wehausen and Laitone[23]¢] 2219 3= 285
(Transient Green function)& Al&3&tsl 3 A¢E
o] 292 M 7|(Source strength)E dt—7)2 2§
st 2zg o] FIW ¥ FFE ohEH ¥
t}.

G(P,Q,t —7)=Re[d(t—7) log(P—Q)]+Reld(t—7)
log(p—Q) —2gH(t~7).

Ref : ‘/lgT e‘i‘P’a) sin[,/ gk (t—7)ldk
3.1

P ; Field point
Q ; Source point
Q; Image point of Q

29 @4 GPQt-1E BE% 2 AANEA
g =9

AG=2r8(P—Q) d(t—7)

, t>0 in Fluid domain 3.2)
#G | G _ _ (3.3)
pre; +g e =0 , y=0
7y 0 ,aty 0o

KEEMPAROCR $205 498 19924 11A
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AG| > 0 , at © (3.5)

G=—;’Cti =0 , y<0, t<0 3.6)

2)(3.2)8l 2dEF Gl Wt 1 A2 P&
olg5}31, Wel§t4(Delta function)e] A2 & o] &3
A g g

2np(P,7) S(t—~7)
- G 22 (37
=5 85 @22 —G2£)

A@ENE Fdol drol tE HEe HD rol
W A¥e Y5

g t)=J, dr [ dS

3G

G 29 (38)
(C2 o G - )

olth. 4@RYANAM &5 XA o= 2.7)—(211)
2ds 2oz 4G AARAM ohgel UL
&gk

= 3.9
4 on Matching surface 39
Op==gn (3.10)
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Nontinear domain
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Linear domain
Fig.1 Caiculation-domain definition
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G, +¢'r'—(g;— ]E

+fydar S, dS(—q),,—i— +65= )=0

3.11)

HE8)NM Saol Wakel (3.4), B5). (29), (210)
g olgsa

f :, dff Suo 05 (#Gn—Ggn)=0 3.12)

olth. A@E8S (B.1D), BG12el elsf Thest 2k,
orp®y=J arf s, ds(,p_z% o2, 613

HlAE FdollA} Al o] &(Cauchy’s therorem)
o] AFE Hal HGE13)Y HHE 2B of ¥
o} FAl— 39 BA(Cauchy-Riemann relation)=

% o (3.14)

an S

olch. 4(314)¢ 43130l WAstd FHMgE
sof) W3l HE HEsdW oo gl

2rp(P.ty=J, arf s dS (¢%G— —;b;ﬁ )
+ [, dr(Gy) 315)

23159 5, ;= AY FAAYTG zf{EH)
thue Folh (3.15)0A ¥ A F& FF
ZAAHANA YA che]E(Normal dipole)® 34 t}ol
Z(Tangential dipole)g ¥t A& AL HESD
dejoln, S FUA F2 5, oM H Lo~
(Point source)& A7t HE3 Fert @ &4
A@B.DANA GE Gr# AHEAY 7)Y a34F e
e GuE 288, @328 23.15)0% dgsid
A% 34 (Matching matrix)& 7+& 4 v} 18l x
dSe AHde4ss EEsin oot pe HA YA
dAgsta Azt thale] o} & A EE FH(sim-
puson rule) &2 ¢ wal A7k E-stFch (3.15)9 A
718t A o) @A ste g8 FAEHAY ZAlE
g #AAZ e s =8 # Atk

sy, ¥F&

2GR gq 1=y}
fs,- 2 dS=-—(tan €=

+tan_1 g(;l""Y)! ]j+j1 (316)
—X

F.e .
S, 222 dS= Re(log@—P)}*}

+Re(long(Q—P))'*} (3.17)
23.16)2] RA F& ik 7} AFHH =« ghol
dojgck & & Gy e #& 2 31 Gu7t

2 23 (Error function) 2 FdH & 2L & <A
Atk 1 ARE =9i8td kg 2o

Gu=Re(—2gf, dk e~P-O

sin{gk(t—7)])
_ 4r . (3.18)
== XeXerf(X)
D k) 319
4P—-Q)

$8 4EDANN f=feH 2 B o)o] s
SN -y BAE 01§31 (315)9] Guol BAE
Hye ol g Bt

Gu yo [ ofx
S o ds=fg 2% s
=—f s, d fi=FI(P.Qit—7)

—fi(P.Qu1t—7) (3.20)

/s fsw dS=ij~ZiSR—dS

.—=ij d fr=1R(P,Q+1t—7)
—fRP.Qit—7) (321

2 28 (Error function)& 4% 7l(Ascending
series)9} A2 A 7f(Asymtotic expansion)& A}-&3}
o FHs ANRES #Y5id @k 4 F5H
7N(Ascending series)oll ™) 3} Yolx =}

i) Ascending series(|X[{1)

Xerf(X)— -2 % 2nxantl (3.22)
e )= B 173 5@t
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(3.20), (3.21), (3.22)& °|&3H Yy & F=
7 ot

f'-n-—in dT[

e X*2X)" (3.23)
=84 13- 5---(2n+2)

Xex'erf(X)]

ii) Asymtotic expansion(iX|31)

Xex'erfc(X)=%

e (—1)™1-3-5-(2m~1)
P DAL
x - oo, IX| < 31/4 (3.:24)

—3r/4<Arg(X) <r/4ol® thg 3 Pk

—2n (1+ mz_lg D™ 1-3-5-2m-1)

% @X)m
' w (_1)m+1 1-3- 5--(21'!‘]“1)
+4 - (log(X)+3, 2m (2X)®
(3.25)

m4<Arg(X) < 5r/4o|H t}L3 g}

_2r (=Dh™1-3-5-@m—1)

(=1™+1 1-3-5-(2m—1)
+4 - Elog(X)+Z 2 ZX)
(3.26)

S, dr GuE (3.22), 3.25), 32649 W7}
L2

2](3.22), (3.25), (3-26)& X 3to] o}F &AL} o}
g de ¥ guer FGAGUA Aol HAw
X7b 23 @Y de B& &g Aol Hed

FElo AN FIdE JMgd AEr e
AE & 4 glomg off go g AMNY F
gich A AFL Aot 2UFFE AEA UA
Absteikel] gt 1eEg 98 A sl
AT 5 de FXHA el 7€) (3.22),
(3.25), (3:26)2] ~¥9& HAE Pade approximation
o2 X3P ol F B 3L AAElA e

AREMPEROCE H20% 49 19924 11A
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o1}, Continued fraction®. & R §sl] o} e
g7t b A A S S AR
Continued fraction®] ¢ 18] Z(Algorithm)& A 3}
" g gk

Continued fraction

3.22), (3.25), (3.26)& 27
FE= HH3AL

2L £71x geo)

C=agt+a,Z+aZ+--

q,@ z| e(O) Z| _g®Z
"TJ 1 M
_r@_‘”_zl . (3.27)
1
C=cZ74+cZ7 24 Z7 3+
_rcﬂ_(hw) Z] O Zz| g0z
1z T 1 "z 1
_lﬂzJ _ (3.28)
Z

737] 93 QD ¢ 1y

(3 27), (3.28)9] @9, e® &
< Hgsid ogn g

() €=0 n=123, (329)
q(n) __:‘tl_ s n=1,2,3,-~ (330)
n

2 e(n:n=(q(n+13n ._q(ngn)+e(n+1zn+1

m=1,23,-+, n=123,-- (3.3D

@+ — a0 +1
q = q(n )
m a(n;n m

m==1,2,3,, n=1.2,3,++ (3.32)

32 HIME HA9 sl
A &5 V1€ 98 oot ¥ © rpen
< H4 ¥PHEE =98

Bz H)=(x,y:t)+i¥(x,y,t) (3.33)

FA G 0o Y= =AUk AAE w25
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f B(z;t) dz=0 (3.39)
o —

zoe= A ¢+ ¥ FA C upgZd k. o7
A C¥ A+ E W (Free surface), £ H3H(Body
surface), A% W(Matching surface) FAEc}
ARFEA(Co)l e H(2.2)9] A HEozRY
s du, B4 37 £2 aAFAACyAME
AR5EZFE Y& & 5 U3, IF AAACe or
Co)e P9t Yo #AIXo] FojZch (3.3d #F=x)
Co z9t o] B34l H5rel 4
Hatd g3 28 A2E TP i s RS

< 771 Uk

O+iv
AexoyaytRel S 12 EE )=
, for z, on Ce (3.35)
. O4i¥
aB(xoyot)+Im(if ¢ dz Zf‘ZO =0
, for z, on Cy (3.36)

71 A ae 2ol M Ceol = HA Abole} zhSolid
angle)ott}. ai= 3 3 % 4(Smooth surface)d 7 -$
agkg Zrerh (3.35), (3.36)0) AAFHY GE HE
oA mMAF & ¥E ¥EFstu Yoz (3.35),
(3.36) 9] ]3] ¥(Principal value integral) & 47}
Atk a9 A HEAHA CE wet o8 BEdslin
Y 84AE ug) ¥4 Fddo A3 wEE Azt
3ta, o] F PHA =&Y L 33138 F2slr) aig
ok oh& AI7E gAY ALS 9 AR A7
EA BW 94X, AFEE Ao FaA A9 9%,
&5 ¥EE AAsor gk 84 T 9xe
+F P E B Fojn £ BAEF =
(Mode)2 2E vlg] 249 F33HP)e 2252
HFE FoiAH, A/ TAY £ A=) 95 g
EDA@) S (22), (232 22E XA o3
Tz (22), 23)49 Az HEL Y& 27
49719} AFEHR 94 A FuidS AT oig
Z7) 48A = 43 &7 — S eb(4th-order Runge-
Kutta) 9 & o] &3 1, ot @A 2HE 4~
2z #w el Hamming’s fourth-order predictor/
corrector W& o] &t -3 YA S A4
& A AEY Y der Talgoenyg A4
22 O@)olth

o5y, ¥ZE

3.3 ZA|O| &1 Green HM|2 H2|2| HEty SFA
ALt

Mg JHo A BA) EHANE O vjR| 4o 2
A-FREAANM = UL v )57} 2o g AANAE
oo} ¥yl £ v} njA4olc) 2](3.15)00 A D9} ¥
BAAE T35t 2)(3.34)0] PE HYsIA ¥l v R
7t 8ot & ¥ A2 YA A PE Y
gtod 21E dANsld O A AFACA vt
ot AU Y 20

[®INonlinear='"/Linear
(3.37)
¥INonlinear=[%/Linear
ojth. (3.3NE A&l 43158 PFPHoz
EEsE o o,

[A)[®)=[B][¥)+][C1)¥s,+[C2]¥s; +[C] (3.38)
(3.38)91 A g HE Aol H3¥E A-lg Fsid

[@]=[A]"}[B][¥]+[A] "} [C1]¥s,
+[A]7C21¥s +{A] Y C] (3.39)

olth. (339t WA fE S BAoly
Y AFED 23 BEAG. 2L HAo) A
AFEAS AL o9 pE (3399 BAE
B,
331 948 A% Ay
4(335), (336)& ol4t8AlA WG Aoz HHsl]
sl WS De U

2o
AN oft

[ L N3
Ref ¢ LT do=Re(S: 7y, )

=0, for zx on C® (3.40)

Reif . 2% dz=Re(i}: Ti,; )

Z—2Zk
=0, for zx on C¥ 3.41)

N3& % a2 Fola 9% §F Tiis e
gt}

Tkj= Zk—2Zi—1 lo Zi—2Zk
TZiTg Zj~1— 2
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Zk—Zit1 |, Zi41— 2k (3.42)
2i—2Zj+1 Zj— 2k

B4 (3.39) 0 g v go] uppy
(@l=[a)[¥]+(c1]¥Nni+1+[c2]1¥ne+[d] (3.43)

olch. N1+13% N2¥& ¥ A gH o] waty
olt}. o)Al AN E Joz APFAYEE A F5})
94311 A2td o9& Fig2el £A18 ) oAl ¥ 8 A7

< watA] Agzdd s fFxE 2(343)%
1\}%6}&1 A g A¢e deie PEFA S
Frstah(-% Fx)

N

Fig.2 Segment numbering

332 SHAY AL

Green A2 A NA ethilol apfatE theldti
apfate A& FdM 2.N-21NE HFIER
(3.15)& &MY XY £ Jct

2o®0=f, o[ a5 @2 —p 2

44
+f, dr(Garn] @49

H A48 G Biz,t)=Pux,y;t) V(X y.t)
= Z23FFolng A IARPEE 2Ystd

S, B g 64
C Z—Zq

ojth. A(3.44) M @& (3.45)°0 HY3hH F-Fof
Mol 2o e PH4o] TEFEU FEolM L
oo @9} ¥ il P/ate} a¥/atE
el 2w €oh 23 EWoe &7} mA 5o,
AR EDANM Wb vl o), FPHAMNE B
Fe Wt vAFolth BHALEL P37 AP @
dhk o] AAZAL ofehet uh

i) Body boundary condition

REGEAASERSRE B20% 4% 1992% 11R
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=(Y —Yo)ax,— (X—Xo) ay,— % R
Fuv —veu+{(Up—u) (x—x%o)
+ (Vo= VI —¥0) )0 (3.46)

ii) Free surface condition

R Lk gy weud (347
P 2W w¥*—gy, w=u+1v

iii) Matching boundary condition

[ ]Nonhnear {‘P‘]Lmear
(3.48)

(¥iNonlinear = P!Linear

(3.46)~(3.48)4] & ©]&3l9 (3.44)& AX=B9
gPNoz FHsE (3159 vmaH A FPL
wtA x| gm B wpAd gdAg @i o
Ed 20otE T & U5, A4S wWaye] wAyy
o 2 5

7P P
=l Ly gk —
p 'oat 2 w - w¥—pgy

olt}. (349)% the# Bol AEEY FAAYL
F2 % sl

F=Fd +F,j=— ¢, p-n dS=

b 2P
=i ”fsB [—aT +-;— ww*]n, dS
+fpfSB (

M=fSB p{—(y—yo)ny i +(x—xe)ny j) dS

2 1 (3.50)
ey + 9 ww¥)n, dS

=1 /’fsa +-%— ww*J(y —ye)nx dS

+i PfsB e +—;—ww*](x xg)ny dS
3.51)

2 3 e AR fAsky AAzR de
& gt Ade FYSUT VJaRE

o
i)
Ho
oift
to
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Eeste W TS Guo ANE 2 E 7Sl ety
2)(3.22), (3.25), (3.26)°h A xi7} 3.88%.1} a4 de
F4AMA (3.22)8 AH&ste] 50783-& Continued
fractiono. 2 x| &sled AAER T 1x/7} 3.888t}h
2 o= (3.25), (3.26)% 5078 &2 Continued fraction
oz Agste Abstdch

4.1 B YT A AL

A5HE 2319 93 Adadrs AAzs :FE
& w 40 Feshe FAYE A A
7} y=—A cos(wt)2] Mode2 &% &% 75| ths}
o] A Abal m A sH(Static pressure)oll 2}g FHMH
& Aol A AYstact ALt d2e F4E 2309
98 Aduist AstE e, FEFLY Wolth F A
3} & 34 Kr(=wR/g)7} 1% -0l AP AL
x/A=2.322 #a 33 Mesh+& 2670 2 FAUdL
W 5 F7)15¢ Al WYPsh Fig3-aE Kr=

10 =
E

= 0.8 T T T T T
-15 -10 -5 0

x/R
Fig.3-a Wave profile generated by heaving circular
cylinder under free surface(Kp=1, h/R=
1.3, A,/ R=0.25)

]
_ 1
°-
-
w

amne RuQ.
ey ot 23

Fiﬂpﬂ’k;u'

= 1. O —se—— e ——
0 s 10
Time(sec)

Fig.3-b Time history of forces for heaving circular
cylinder under free surface(Kr=1, h/R=
1.3, A;/ R=0.25)

o)z, BFE

Table 1 Forces acting on a heaving circular cylinder
under free surface

(h/R=1.3, Kg=1)

Y-force A,/R=0.1 A,/R=0.25
fo —0.231860 —0.102677
fic 0.298555 0.287031
fis 0.416776 0.365504
f, 0.263711 0.348278

Table 2 Forces acting on a swaying circular cylinder
under free surface

(h/R=2, Kr=1)
X-force Present(A,/R=2) Kim(Linear) Kim(A,/R=1.2)
f) 0.000929
fie 0.869446 0.75 0.77
fis 0.049773 0.20 0.175
f, 0.012406
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