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Abstract

In this paper, the high—order spectral/boundary—element method is developed to calculate
the 3—dimensional water waves generated by a submerged body. This method is one of the
most efficient numerical methods by which the nonlinear gravity waves can be simulated in
time—domain. Three—dimensional free—surface flows generated by a submerged sphere
which is moving under the free—surface are calculated. Through example calculations,
nonlinear effects on free—surface profiles and hydrodynamic forces are shown. Comparisons
with others' results show good agreements.
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Dimension(3Xt2), Free-Surface Flows(XIREH LX), Numerical Calculation(Z=X| H &),

Submerged Body(& =)

1. A&t FAHAZAHY SHEH FATAHE 36 E0
AUBIH BIFAIZ & UCH, AIZIEH0N &2
=X O4=%( numerical wave tank )& AIRE o BAE 2 4 USLZ HEBHH A0 2=
SISl HIME/HIA &(nonlinear/unsteady) A& MOl M2 2Rl %2, ZHERSSZ fiaE
HE NS NSy Uz ARG =XIHAS 2 e IRHHRSS (s S0 H28
Ecll Mo, OI22E &8HE HBE Y= ol 2 UCH
M==Ct0| 2} 2 4= QUCH 0] YHilM= AEH 1 D=AE JADIE 01858H0 est=0l
UM, 2 HedE= 39 ottt Ol AREE=
42 20024 128 31Y, 5012 2003 331 Y DS AHAAIZM 012 ol E2HEls 2HISO0I
+ XX, E-mail @ yjkim@pknu.ac.kr Ch Wmetd 20 S8R0 28t M2 =X
Tel : 051-620-6483 gl JHE2 Ui &Rt rHlctD & 4 UCH



12

012 &l 2 =20hd= ZH0 s Znisa
£ Mg = U= X R AHES/AHRA
E(high-order spectral/boundary-element method)
2 JNLSIRICE 0] HEHE UREXH 2445 NO|
ch & M 2 HAEO! NiogNoll HIZI(NOI 2 Tis
Hel dENoz Hld)stH BIeIEZ J1Ee
XoHHE(EHRAE(Boo, 1998, EAIY, 1994),
FEAN2YH(EBE S, 1995), RAH(Bal et

al., 1992) S)2Ct i S8X0l =Xsigolet
g £ ULL 0 =XloiE2 JiE FAse +=XH
SHHE 20110, =HElIA 2Sols =70l 2
st xitsiaE OHECH

CHateZ BiHCH RMle 8184, HIZS4H0]
o 22 HIgldN0I2ID NG EHA
SAIBH MEHeE S FH0l 1,
£ AYEoR gl Mu IHAHE s

2 JEOERH JRTUHE 0y, z2,t) E
SGHH FAIQ XHgEAME T3t 2

2 3’0 . . .
VO + 5 =0 in fluid region, 120 (y)

9z°
MM x=(x,y) & =8H U2 HHE ZEAl
ot1l, t= Al2t2 LHEHUT v .= (4§/9x, 8/9v)
OICH.
SEH z=(x O HAS £ HEHE 3t

2 HO HE Vé( urface potential) ¢°(x, H) 2
5t0, Ol= O3 20| ESHEC)

~

¢ (x, 0 = O(x, 92, 0,9 2

2t &=2t0] NsESHMA 2HEDO0 ol 8
&tX(kinematic) FAHX A S8 (dynamic)
IZHE 48 OI&3HH 22 LIEHE S
b,

m oy ofn
N

l

=
0r

Ja
ol
02
H
O
=
02

91 VY.
—(A+v.y- v - 0fx920=0,
7 Vs
—~21‘(1+v17;- v 02 (x00=0,

on z=nx, &), =0 (3)

+
2
o

WM g= 28 I8

2t =28 SHHEHEAMNAM PHEEI00 o= 2
H HEH FAETAH2

a0 _

“on =V() 2 oy the body surface ,t=0 (4)
Olt, DI e R K=z 88 &9 g
HIE0|L), V()= SH2 STHEOICL SHZ2

SE| 28H5| BOIR ROIM SIEEI0I0F ok P8t
g PHFAS OIS 22,

vo—0
O<o as R—oo t20 (5)
ODIOA, R= (a4 5% +2%) 12 OICk F42H0f
Kol EJIEH2 O3 200
_ 00 _
O==2r =0 o4 2=0, t=0 6)

AIRESl X (8 +=HHEP 5 2 HH HE
& $59 HglE NSEH HHZTAHAMG)S Al
ol M2t HEoty g £ U282, 2t =ZHA
o Fztatel ZAHX M= z= 70A Dirichlet
BHEZHCZA ¢5 I =OZS T A(1)2l Laplace
AN A4), Al(5)2 BAXHE UEste &
T ZHE o g, z, 1) E Fot= SHIL ECL

=L HHE o8 S 201 MENKIe 24
2 HS86HH

M
O(x, 2,1 = ,;1¢(M)(1’ 2,0 (7)

Journal of SNAK, Vol. 40, No. 2, April 2003



E4H F=2 IRBH K52 +IH

S O(e™ Oleh JIEBICE HIIM e2 B2
oto2 A I JI87|(wave steepness)EES] T
olCk. '

z=p0llAe HYH HEE @5 229 =&
HEE Mol =00 T8 Taylor 22 Ut
EHLHS Ci=ot 20

$(x, ) = A, 7, 1)
M M-m k ak m
= leZb%r[ﬁ¢( (x.0.9] (g)

=2 Felole, Chem 201 ¢
onAu 2Z2AS =r),

O—-—

k
_ ;l%_[ a ¢(m k)] —o M=>m=2 (9)

Qo|o] 2HR=E E&ol= HE +ot)l floH

n; ot EEld(wave potential)
¢ m. I 2H EEIM(body potential) @, ™ <l
SOZ LIEHH,

p= 4, 4, (10

¢, ™2 A(1)9 Laplace SHEAID Al(5)0| L&
it AHEHOI CH22 FAXHSS 0H=sh=
TEES B0

$,™=0 on z2=0 (11)
V¢b(m) _—

Y@ n—ve™-un, m=1

—V¢w(m)-_n

, Mz2m=2

, on the body surface

2
ol
v
fx
]
ol
i
H0
it
>
S
o
H
>
¥}
fol

]
o
o
w
I
N
0

13

2z=00Hd O3 ZAxA=  2=Hol
O{0F otH,
¢$(x,0,0)
¢ (x,8) ,m=

m—1 ,k k
= T G s (18)
S M=m=2

o

—_

e
B
Qﬁ
2
=)
o
[w)

I(1)2] Laplace ZEAID Al(5)2) HHX

=
oMo o

T
0

|0 J
ol ne

LHOIA RrsESH0 =0
t ZAZAL A1), 2l(4), Al(B)Z 0IF
FAXI SME oHot =L

)2l W0l ¢°2t (m— 1) ADERIS| BHEHS
Zasioz 2 &2 g2 ¢°Jt =0KE
¢ 2 QEIECE =XECeE 1

™Mo N
=
=
]

N
&
2
10

%
\
1
so &
[

DX AMEZY/HARAHS oAl 4,
¢, M0 CHE B2AS] AHI SHISS 242
DX ABEAHAH(Dommermuth and Yue, 1988)1t
DX ZHLA(Boo, 1998 BAIK, 1994)01 2
2D A2 HEE AR s X
FOR M AIIRA0IAC HE eX"oz K
LiDHs 2H10ICH O £XIGHES 0188 2%t
HSo opz 28 %22(1992), 2=
), 2g
/;'

s

Al
o

Ir

A [ > M %
= =1l
© MO

—_

94), X 2421(2002) S0| ULCH
2 A@E)e Oz n0s ¢, 6,
oRSE CH2DF 20| HAHEC

o
!

M M—m  k 1
0.(x 0= 3 Tl (60 + 6.

(14)



14 B, Y2, BAY

(Dommermuth and Yue, 1988)0l 2l === U o HHEESE @50 Ohal HArF =2
Ch. ¢,9 =XHME 2o FEH HigEE x e ABEHSO W B A HE x, 2o o
xEYS 20| L, ySLE 200 w2 ot g 2t xME )M O3 LZEs
rBUSIOE PIY, yEUEOZ Q2 22 7 (tapering function)& S0l IIE AZAIZILL
STESI ~EHAC HBESS FSHL 0l AR
ASIA 2 e ZEIL ¢, S Cignh 20| , {1 A< x oy —

= oal= Q(x, 4)=

B FPA(=A 2a)oz mais ’
agen.:,T SIpA(=4A Fourier24=)2& ), x<x<x,+4 or x,-A<x<x,

(18)
HIIA,

6. ™z 2.0 = i ﬁ:Awmwa@
/2n (15) TI(H =1— 462/ + 1980/ — 34658+ 3080°— 13860+ 25241,

OIAL _ (1, +4-x0/4, x\<x<x+4
an(z,z) _ exp[(kz,, + k21)1/22+ z'(/enx+ )], (x—x2+d)/z] , Xy—A<x<xq
k,=2mn/L, k,=2rllW, 4=054,, A,=2zl%/g
oICt. =agt AYP(H = 4(13) Dirichlet 22 Ol, U = 7o MRETOICH
ZTHE DHEGIEZE Fast Fourier H&HH(Brigham, HlEE UeH m% AE2dI0i8E e ©OE
1988)21 FFTE OIEald st Al(14)0IAel 2z AZ0 2d Ir=el 2HE0] LIERE = QUCH
s 0I=AS2 AW ol (B + )= 38 XAl O SHIHY S201 23t Dol 202
£ 018 YA FFTE 018 2 ENinverse transform) S MG oA OF HAAEIOICH A(16)Dt
SHO AIAHSHCE A7 7.02% (DU OB =TS
A3)S 72 ¢ x2 yOl WE DI 5 (smoothing function)S =6H2CH.

2t o8 CI3Sd 20| FFTE 01838t Bigtst &,
1, 2| n|/Pand 2| ]| /Q<v

Ak, by, v)=
W)= 88 080 (g "7, otherwise (19)
s(x t) — %:b/z é ¢ I(f) w-nl(x 0) (17) O:Dl/\‘i, )/E 2::—01& EPEHHIEPOICL
1D (DO ik, ET= ik 2 A% B 42 AX ALY
510 OISS CHAl FFTE 018 SHEI5I0] Hlatst SH TEE ¢,0 AXHAS DI AR

LS
AKE, 1994)01l QI3 42EICH o2 2

Tz [

Ch H(E

7% #°8 AIZH (HE HElE RIIXTHL=ZE O M09 0|0[XI0 =& (source)2t &
2E &0l A3 )° N2RESOZ2 M HAS) & HEZ(normal doublet)S SILAIH LIEHHD)
O, ARIEZESZ= 4X} Runge-Kutta E2H™ ot Ch8d &2 Green &% G(P,M)E &
£ A6 QIS

EAZE AIZHI0IEE & [ IPDI HAgY 9o 1 1

e = ATIEIEHO| DIIHERA o P, M) = 7y 7y (20)

2 HIlTE 24(8 2=XIcieel 22i8t=4 =0
Ol HHHZE ZCHA HSLUEHE AT s A OI2100M P field point
TR0 ERotlh 018 <o O AIZEAEINIA M:source point

Journal of SNAK, Vol. 40, No. 2, April 2003



B4 T2 AREE RS A

V\:[(xp - xM) + (yp _yM) + (ZP _'ZM)]I/Z

v [(xp— 20 4+ (vp —yy) + (2p + 2,112
SxEe D,UIA ZEE ¢ (0135E Bo|

&2 DASHe Green &2 G(P, MO

Green H2IB NS, [189] M2 BHAIS &

47 U(P) for Pe D, (21)
~ 122 ®(P) for Pe S, (22)
0 for Pe D,U S, (23)

OOI0IA - Sy BHH

ST 2=
Slal Al(22)2 OIREH=H, ST
29E 85579 My EM e =pxoz o
X0 82 QHOZ DOM (12 AlOE Hag

[an)
=
HI2:E Fredholm MEEIAEAS A=}

0182 AVIE ZEdhI
N | ESalisd

rr

2xwp) + [ [ won SGLID. 4,
_ ffsMM;an GP,WdSy PESy (o)

pol U8 0 B2 WHAQ £XHE TR
/M H232 MDY ZHECH

38 FHRAE(8 node bi-quadratic element
metiod; EANY, 1994)2 AI25ISCH, 8ARA
= 4ABE 2t JTUERAE 2t Ho| D429 4H
E(rode point)at 2 B9 E2H0l| RXIGHs 4B
_QJ 13|-O| 8JHQJ X‘IX‘(OE E I'(_jl.j D}— X'iX-IO }\l,

Al HHAA 2NAS 2H= 2009 49| 2118
sz HEHfitting)=ICE 22 Z2BIQALYS) BE B
== 2t BE 0| WSohk= g &8t2=(shape function)

etz dszsl =28 H40d H2& 20034 4¥

gk 1 ZEUAS gHgtel 858 6t USit
20| LIEHHO T

8 8 8
x= 2 Nyt V=2 Ny 3= ;lNsz
8 8
U= SN ¥,= >3 NU, (25)
GIM 2EX j= RBL4A0] HSE LIEHHH

KFEL k= 32 HEBHS(local nodal number)2
HAISHH, AFBE SAEER2 SAH(1994)0A
9], Dl-[:j.

Al(24)E EHRA CHoHl OfAtslaH

351 3G
Tt oe [ [ 5 @
Ny
=S [, mCd =L ()

2 21 0N Ne= SHEZHMAMS EBHRA
==0ICk

87“ 9431I9

Ci 1 i—nodelIMSl solid angle C;/ 2z
d; . Kronecker delta function
Np : HH HEx

Solid angle C;= HAME 9 HAS LE
= A2Z USA0 2AsH A&



16

.—4”— {fs -S.; an (28)

OINAM Sy = iEE =212 0i4 SHOICH
Al(27)2l EH%‘-E’:”‘“—‘!% 01 2 BEUNANS &
THEE0| ol XY gadaEso (229 =
HEHNAS FEEEE Fotl), 0f JESKESE
o BAZAHUA FOIN BEHEEE BHEGHH 2

HES 98| REEZ HASHT
K[MYA D, (Hx0H ESHUAS S5 A
(21)2 0|20l CSt 2101 HAHSHTH
oG(P.M
— Wy 2L M) | 4o
T8 8 =XAHMUHA 2HAH Ui HEE
=2 ==2BE HEskeE ITBEs4(mapping

function or shape function)?t ZHEIY HER
HE UEHUHE Jacobiang T o AatE TO
A =3aIUCL 2 HLA 0l HAZN=
Gauss—-Legendre quadrature® O|EsI™A20, Al
AR MBI AHelol Tk 2x2B0HM 12 %
1280X1S) H2AE HES| ABsIULL 53,
HAEOI HE2H WO Xl S0 HEE
(singular surface integral)@ d2= SO0IE 2H
OiMe 22ist B3IE =XHo2 & prAB| S
ol quadrature pointE S0I1& 2K E A3
3Xtgts HEH(bi-cubic transformation; EAMY,
1994)2 ALZolLh

5. A3 X DF

HAZ Z5E PIF MEE (o] Xt SRIE
CHECEL O ZZFE pOlD, B0 b= B
OA P SANKC Halge UEMACH x| =X
MUHZRH ST HEHoR2 BNGIH T
AlZE 20l ST U0 TGl A2 &,

=210 LHE BT y(HE OSH 20|
ch

Y

ZEHN, SIEE, EAY
~ U4 T, 0<K Tacc
() =
-, T, <t (30)

51| Qo DX AAHRA
SIS &&Al SESME B2 A
FBIUCH HRUEHES 0188 HMUA 2 Bt
S QAN(Ng) 160, BEL(N,) 4902 =
MS O N ZESEIF s BIwsHo
0.124%2] AIRXE =2 =069, 0159
HANA REHS D5 0| QA4S AFRBIUC

Fig. 10l &=2201 »=1.2D0H ®FE=
0 Ol LA MES HOICH H BEX <t 2
OZ AIIES D/UR RAASIE ASS UE}
Wit F,=U/VeD = 0.5774 Ol0f, X Ji
A2t To.= 1.00ICL HAAl A2E2 g1 =
1/20 01U, = 20 YUMS| IFH0ISZ & 400
ANZHABIZ HARH ZD0ICH B2DE FEAHO
N HMCEAO0, RO SIXl= LAl x/D=11.5,
= 202 O x/D=-8 9 x= OO0 UCH
T2DE HEAHOIAS HAA SHLt XSEHA
BRSO AR XL A IO O Al
Ot KISESS JBHESS M2 HAHHOF
SO HAAIZE B0 S2i5t, MXEE Ha
A0l HOXIDZ S50 MalAl 01248t SHE
£ W5k sk 0132 Hae SHDE oISH
HHOA =3IRAUCEH

me gy

Fig.1 Free-surface waves calculated in the
space—fixed coordinate at #*=20..

(h=1.2D, Fn=0.5774, L/D=30, W/D=15, P=256, Q=128,
At=1/20, Toee=1.0, M=3, v=0.9)
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Fig. 8 Comparison of calculated wave
profiles on y=0 with those of Lee et al..(Present
calculation  parameters: Fn=0.5774, L/D=20,
W/D=10, P=256. Q=128, At*=1/30, Toe=1.0,
M=3, 1=0.8)
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Fig. 11 Free-surface waves generated by a

submerged sphere which is transiating along

a circular horizontal orbit.(Calculated in the
body -fixed moving coordinate)
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