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Abstract

A panel method in the spirit of Hess & Smith(1962), and also of Dawson(1977) was deve-
loped to compute the wave resistance of a submerged, or a surface piercing, body moving
in the water of finite depth. As a boundary condition on the free surface what is called the
Poisson equation is used, while Yasukawa(1989) chose the Dawson equation for which the
double-body flow is regarded as the basic one. In order to satisfy the boundary condition on
the bottom surface automatically, the sum of a Rankine source and its image with respect
to the bottorn surface is chosen as the Green function, and hence the singularity is distributed
only on the body and on the free surface thereby decreasing the required number of panels
dramatically, compared to that of Yasukawa, without the consequential loss of accuracy.
Calculations were done for a submerged sphere and for the Wigley hull, and the results are
compared with other existing analytical and numerical data.
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A+EAHES,, BATANY A ALY Wy
AT 8 ZRAYAS Cut e 2o] 7
+ o,
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3 FxAIM U EE

31 H58 7o) 28

4 Mg TEe AP Lolrr] & v
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e dPEEE $F53E A9 e AAg 8
At o] Ffole AeHA EMEHO VYA
gorg AUy ddrydg ANAYoe
F oy, Table 14+ A4t ALg¥® Fn=

REEMERR R B20% 4 19924 11R

71

Table 1 Data of the panei arrangement for a sub-
merged sphere

Fn 04 0.5 0.6 0.7
(xup,xdn) (-2, 2) (-2, 4) (-2, 6) (-2, 6.)
ymax 2. 3. 3 3.
dx=dy 0.1 0.15 0.2 0.2
Ncol#Nrow 40020 40#20 40615 40#15
NF 800 800 600 600

xup=min. of x-coordinate for the computational window.
xdn=max. of x-coordinate for the computational window.
ymax=max. of y-coordinate for the computational window.
Ncol=number of columns of panels on the free surface.
Nrow=number of rows of panels on the free surface.

0.4, 0.5, 0.6, 0.7%) whe) AdMIX] B A2 E
ARt 7o £28 AAEEZ R E 2344
EAme oA 2xFnfol2 2, 4719 Fnoll o4
545t el siPste Hold FyAdde
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& xy—-HAYANM xZo2 FE W ATE a, yz
~BHAgol M yRog Re M AT E ST Y,
WA WEol aelQx], Be[—n/2, nf2]°o]|H, Aa=
Af=={162 W&t} 2tz 165 &3t} Havelock
1971yl ojsld F5d Aol A Poissond] & THEA|
713, EMAAZRY EI ZAHoE pEAe
AP ZALA o3 o]l

Cw=(1/16),/7/2d Fn~7exp(—a)
{1+43/(4a) +9/(3229+O0(a~3)}, @2)
a=2dFn~2))1,

o2 Folzr} Fig2o] d=1.0Y oo] i3] Have-
lock ¢} o]&&is} £ =F2 ANAAE v, £A
vk AwtHow ¥ At & dAsta o,
Fn<0.5%0 #9eAMe F A#fr}t zolg Holn
Ro.H, @z o] P Cy ghe] He3] o=
2 Fig2ol A= 71 3polrt 7 vehtm iAo
£& Fool diside F A3 3 9xsn, @2
Fnol thai X e ofztel 2o]& Holv AL 234
Y3 &) Poisson2] & & &35 Hdg-S AHE3)
o] A& Lee(1991b)e} Az}t ok §FAbaITH
F4l0] st B9 At oM E T
9] Aerct EAge] mge] Frsing ddg
A71E AAE Fx Yo}, B =RdMe Fi54
o] Aot FAdF AdujAE AMEIAT F4e)
2.0, 4.0, 10.0¢! @ ALAAE Table 29 Fig.
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o Panel method

* 107

b Havelock

8
o T T 7 T T T T T T - F,
0.2% 0.35 0.45 0.53 0.65 0.7%

Fig.2 Comparison of the computed C, of a subm-
erged sphere(d=1.0) in the water of infinite
depth with the analytical results by the linear
theory of Havelock(1917)

Table 2 Wave resistance coefficient of a submerged
sphere in the water of finite depths

H Fn 0.4 0.5 0.6 07

10 45%10° 2.656¢10° 1.168#10° 2.066%10°

4 4.64%10° 2.6510° 1.170%10° 2.072¢10°

2 5.18%10° 2.746%10°° 1.205%10° 2.205%10°

30] zZtzt AAEE e H=2.0¢ 4% dsixe
Kinoshita & Inui(1953)¢] o] &3 ZAbsfi ¢k vl wstH
=4 AldtE Fhe] #90e daire 5 237 2
dx s Ao

3.2 WigleyM &
a9 W54E AHgstel dehd Wigleydyg e
oew Bk

f(x,2)=0.05(1 —x4/4)(1 -2/ T?),
T=0.0625, S=0.14836. (23)

Wigleyd&ol g #82 Y dujxE Figd
of mgon, Figsole F&54d Ao dd
ANANE gkeu] ol&9] 2§ A3} Lee(1991a)]
¢t v, TAsE e, o) Dawson(1977)°1 <zt

& Yepol WigleyAdol tis] 7§ Dawsonel
A3 Fig.73 s §FARE A8g Jehln ot

olFE

i o Kinoshita & Inui(1953)

0.09 0.10 0.20 | 0.3 | 0.40 0.50
Fig.3 Variation of C, of a submerged sphere(d=
1.0) with Fh for H=2, 4, and 10, along with
the analytical results of Kinoshita & Inui
(1953).

Fig.4 Typical arrangement of panels for the Wigley
hull

Z Fno] A zhell dH gk2uf o] Eoff o/t Ao
ot sidel oJ& C, o) <47 &AL e F2
glth. Table 3dl& Fig5& #4437 8 Ate
Feist Aol diE dduixo) B AEE RAF
2 Yttt Fn=03g FA Mg Fn7l &L 7 A
EoAadux 18, & oM e Adux 28 A
stk EAlde] gupge] sFats dolol 1074
ol el HdS wiX e YL Iz LA
th =AM Afde Fedn EAFEH] vhsg
Hog B AdFe TN AdH IS FAL
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Fig.5 Comparison of C, of the Wigley hull in the
water of infinite depth with the analytical
results by the thin ship theory

Table 3 Data of the panel arrangement for the

Wigley huil
] Type 1 Type 2
Fn <03 > 03
(xup, xdn) (=10, 10) (—10, 20
ymax 05 10
Neol#Nrow 70810 60410
NF 700 1 600
Nlon#Ndra 4084 f 20%4
NB 160 80

Nlon=number of columns of panels on the hull.
Ndra=number of rows of panels on the hull.

Table 4 Wave resistance coefficient of the Wigley
hull in the water of finite depths

H Fn 03 04 05 |

8T 6:700%10° 1.055+10° 2449410° |
T 6.852%10° L60ge10° 3825#10°

2T 1253%10° | 65oe10” 3304¢10°
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Thin Ship(H=2T)
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Fig.6 Ratio of Cy at a specific depth and that at

H=L vs. Fh for H=2T, 4T and 8T for the

Wigley hull along with the thin ship theory

Fig.7 Surface elevation due to the Wigiey hull
moving at Fn=0.5 in the water of infinite
depth
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Fig.8 Surface elevation due to the Wigley hull
moving at Fn=0.4 in the water of H=2T(Fh=
1.13)
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