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Summary

Results of numerical and experimental study are presented of the wave forces acting on a blunt ship
advancing in oblique waves. A 3-D panel method using a new numerical scheme proposed one of the
present authors® for evaluating the Green function was applied to numerical estimation of wave forces
in short waves provided that the line integral and the steady disturbance on the body surface can be
neglected, and the numerical results are compared with the experimental ones in full detail.

The effect of the number of discretized panels on the body surface is investigated by increasing the
number of panels from about 400 to 1600 and it is confirmed that the number of panels affects
significantly accuracy of computed second order steady forces but the effect is not so remarkable on
the first order wave forces.

Two different descriptions of the wave term of the Green function, one is the monopole type and the
other is the panel type obtained by integrating analytically the monopole over the panel, are also
investigated. We confirm that as large number of panels as the monopole type is necessary to obtain
the accurate solutions even if the panel type estimation is adopted.

The present study comfirmed that 3-D panel method is useful to predict the wave forces comparative-
ly in long waves, while in short waves it does not give such accurate solutions as be in good agreement
with experiments even if the large number of panels is used.
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Fig.2 Panel distribution on the body
[(a) : N=396, (b) : N=994, (c) : N=1592]
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Fig. 4 Wave exciting force for surge in oblique waves [(a) : A/L=03, (b) : A/L=05, (¢): AL=1.0]
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Fig.5 Wave exciting force for sway in oblique waves [(a) : A/L=0.3, (b) : A/L=05, (¢) : A/L=1.0]
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Fig.6 Wave exciting force for heave in oblique waves [(a) : A/L=0.3, (b) : A/L=05, (¢) : A/L=1.0]
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Fig.8 Wave exciting moment for pitch in oblique waves [(2) : A/L=0.3, (b) : A/L=05, (¢) : A/L=1.0]
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Fig.9 Wave exciting moment for yaw in oblique waves [(a) : A/L=0.3, (b) : A/L=05, (¢) : A/L=1.0]
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Fig.10 Added wave resistance in oblique waves [(a) : A/L=0.3, (b) : A/L=05, (¢) ! A/L=1.0]
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Fig. 12 Steady yaw moment in oblique waves [(2) : A/L=0.3, (b) : A/L=05, (¢) : A/L=1.0]
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Fig. 14 Source distribution on the body (real part)
[Fr,=0.2, A/L=0.3, x=60 deg.,
(a) : N=396, (b) : N=984, (¢) : N=1592,
bold line : positive, thin line : negative]
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bold line : positive, thin line : negative]
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Fig. 17 Perspective view of diffraction wave pattern
around a ship
[Fr=0.2, A/L=1.0, x=150deg., r=0.719,
(a) : symmetric component 7:c/A,
(b) : asymmetric component 7.s/A]
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Fig.18 Perspective view of diffraction wave pattern
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(b) : asymmetric component 7:s/A]

(2) MBEREOBERZRSEIEL SRTRHESEZZAVIHK

EERERICRIZTREELRANS 2D, 396, 994,
1592 0 3BEDO BER S EIFIC KT 5 5l 2 BB
BEEH L. 2OBRE, 1ROBENZERDE
BIZEDIBLALEELRZT RV, 2ROTES
THIZEENIERSEBBD TRRTHD I &
¥l Tz, EHEINR COEE N 2EANLEET
WET 5121, IELET 1600 HEREULOESR
PRETH 5,

(3) BOFERAOEBROHEREL 3IRTREAREI

FRA

L2HEHERBRCSEZ2RE LRI DT, ¥
BEOREHz €/ R—VENIFHET 3 EE D E
IR T, WENER R EREA TS L TEHE S
BHERE > THRERE R RMEL 2. Z DR,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

122 BAEMF SR

X&E EIE

1ROFESZDOT S 2ROEFENCOWTHE
CDEEPII LAYV Lot ok 2B

EEEOLVWHETHELTYH, 2ROBMEHVA
NTRED I WEEELES DI, ERSEH

EEEDT L HNETH B,

AL=03 % YOFEEBIZ OV T, 1K, 2¢W»
FTHORETCOVTYH, 3SRTHERAEOBERE
EERIER L DMK E L, L 2ERSER R
PLTHZOERIHEINIEAIC R, SEHOK
EHETERL - HBREICENRICBI 2 EER
FBEOEEIDWT, SRR TILEND D,
MERE O BRI B OB E> T, REREOD
W L S moNESIC 2D, BOEREET R
EHLAMSHBETE B X)Wk d, TDI LD,

2 WOFRAE S EW O HEVHRERESE
T EBREH S L 2HBAL TS,
BOERIZBIT S 2IROFHEIEREHLSH» S
HET2ER, MEREOERSEOHEE IR

L, BEOEY h REEDREERTEILEYD

%, BOBOEF TR, BESEL THRIEOKE
BEBEETZ»5THY, TOILRSEERBL
T IRENSOBEETESER» 5> bHERTE 5,

IHhETIRTRELSER, Ho5VWIEATTERER
B ISHEATE2HEERTHLI LEZONTE,
LaL, $EO, BefEhErRSrES L LIREA
Ik 2 MR REE E ERE OHBICE Y, DT
WEDBEDOLHCHTEREREEZEB I, IhhroBRLE
Tk B SBOTBE T2 A0 H 5 2 eBRENT
kB,

BRI, AHROZRTCHIY, SRREEE VR
VA SBEE T2 (M) e R AR B R AT BT
I HEE, HEEIER, HMRRTERtEERT
£, BETEHES L UER, BMcEBIGL2 07k
MREEMOH R UL VEHOBRERLET, B8, &
HEOEEETEIR, AUNKFERIEFEK L5 — FACOM
M780/20, FHARZEIGA IEAFER EWS HP720, THI
EWS HP720, TITAN3000, SPARC station % F3V>TAT
otz Z L EMRL, BESMCEHEERDLET,

2 F XM

Newman, J.N.: The Theory of Ship Motions,
Adv. Appl. Mech., Vol. 18(1978), pp. 221~283.
Newman, J. N. & Sclavounos, P.: The Unified
Theory of Ship Motions, Proc. of 13th Symp. on
Naval Hydrodyn. in Tokyo, Vol. 4(1980).

AR IE, K D HREMERIC X A RO TINE
B, BEARECHT 2 AROMAEBZEDOHR, B
AEMFERHE, 51655 (1989), pp. 153~162
A IE, AW F, fRE B ERRPEEET D

(4)

(5)

(6)

2)

3)

4)

5)

6)

7)

8)
9)
10)
11)
12)
13)

14)

15)

16)
17)
18)

19)

20)

AR 18 < AR I~ DKBRBIBE R B DRZE, BAER
ERWNE, F1685(1990), pp.227~242,
Chang, M.S.: Computations of Three-Dimen-
sional Ship Motions with Forward Speed, Proc.
2nd Int. Conf. Num. Ship Hydrodyn., Berkeley
(1977).

/INRIES © BIEEE £ 7 2 EEHRD 3T
B A DW T, BEREMESRIUE, 58 150
£ (1981), pp.175~189,

Inglis, R. B. and Price, W.G. ! A Three Dimen-
sional Ship Motion Theory; Comparison
between Theoretical Predictions and Experimen-
tal Data of the Hydrodynamic Coefficients with
Forward Speed, Trans. RINA (1981).

ETHEM, M 7 BEARCIIERPENE
T AMNCER T 2 RN O, BASMESRX
£, 5166 &, pp.187~205,

BA IE:igELERSERT 2MORENFECE
3=, ZORES, JWNKFIGRE ¥R,
% 652, pp. 133~150,

PR 35, W SUR FIEREEE T 2YEOE

. BB AEEsCE T 2 —FE, EEhEs

25, #2155 (1991), pp.89~95,

Bessho, M. : On the Fundamental Singularity ina
Theory of Motions in a Seaway, Memoirs of the
Defense Academy Japan, Vol. XVII, No.8 (1977).
ETER . WRPEHET 2 RMCIER T 5 AN
OHEFEERICE T 2HE WNKREELRE
(1989)

Newman, J. N. : The Damping and Wave Resis-
tance of a Pitching and Heaving Ship, J.S. R,
Vol. 3, No.1 (1959), pp. 1~19.

Maruo, H. : Wave Resistance of a Ship in Regu-
lar Head Seas, Bulletin of the Faculty of Eng.,
Yokohama National Univ., Vol.9(1960), pp.73
~91.

Kashiwagi, M. : Calculation Formulas for the
Wave-Induced Steady - Horizontal Force and
Yaw Moment on a Ship with Forward Speed,
Reports of Research Institute for Applied
Mechanics, Kyushu University, Vol  XXXVII,
No. 107(1991).

H &7, AR | 3ITRESAREC L 26N
DOHEHERE, HARAEMFSR/NE, % 166 5,
pp. 207~216,

PR, HLET, EHEZE  EERBRICBT2
FRESEI EEE T IOV T, HEAERFES
EROCEE, %1665, pp.217~223,

Webster, W.C.: The Flow about Arbitrary,
Three-Dimensional Smooth Bodies, J. S. R., Vol.
19, No. 4(1975).

EOME R o v 7 RoREREREHITICD
WT—A MYy P L 2EREHNEE BT
BEHomyF— BEEMESES F£187F
(1983),

HEOME, FLUXRE: A MYy TEORREESE,
HOEE L HIRTE, EHERRES, £-EY VR

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

FHERERET 2 BRI S EICDONT 123

v (1984), 2L,

21) Doctors, L.J. and Beck, R.F.: Numerical
Aspects of the Neuman-Kelvin Problem, J.S.R,,
Vol. 31, No. 1(21987), pp. 1~13.

Appendix

SRV & B UBASIZ, XEH I T Doctors & Beck?”
SV FERERLHELRET I LicL D RD

53, Green B¥ %
1

cor ooy 1 (1
Glz,y,2. 7,y 2 )=ZE<7_7>
—Z%T(x, v.z2: 2,9, %)
(A1)

DESRERLT L E, FEEHHEREHLAIIDNRT No(=
3, 4) AT S A VEN TSRS T 2 L BRIk Z
"/EIEMNTELR,

[;}ISXDT dSE[;] TP (r i, =+, ag)

] ]‘P’(r 1, Phe s O)

4
Z’( o J1+4racos 8 a9
(A2)

l—ﬂ
—
L..__J

wl.*-z oy

r=(x v, z) ri=(zy, y;, 2) ({=1~No),
F(Kw.)+log w,

(P)___
b (Quang-1— Ql)(QHl-Q() V%))
zacosH (
"=| igsin 0 |3 Fo Kawy)

rI zaslmﬁ ?;1',281 (Qisno-1— Q) Qi — Q1)
(A4)

FO(Z>E€‘[E1(Z)+27riB-H[ﬂIm(z)]. H[-R(2)1],

K,

Kz} 2cos T gl t2rcos §£/TF4rcos §),

K

K4} 2cos 5(1 2rcos 8+£VI—4rcos G ),

wi=P+Q, P=z+ia(xcos 8+ysin §),
Qi=z—1a(x, cos 8 +y, sin 8),
QN0+I=Q1 (1=1~N0),
={1 (/=12 ={1 (7=3)
-1 (=3,4)" -1 (j=*3)

1 (t>0) © o=t
H(t)= VE(D)=[ “—at |
O={, 2y BO=["a
Ko=*U‘g“z‘,T=‘Ug)e
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