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Abstract

A surface panel method treating a boundary-value problem of the Dirichlet type is
presented to design a three dimensional body with free surface corresponding to a prescribed
pressure distribution. An integral equation is derived from Green’s theorem, giving a relation
between total potential of known strength and the unknown local flux. Upon discretization, a
system of linear simultaneous equations is formed including free surface boundary condition
and is solved for an assumed geometry. The pseudo local flux, present due to the incorrect
positioning of the assumed geometry, plays a role of the geometry corrector, with which the
new geometry is computed for the next iteration. Sample designs for submerged spheroids
and Wigley hull are carried out to demonstrate the stable convergence, the effectiveness and
the robustness of the method. For the calculation of the wave resistance, normal dipoles and
Rankine sources are distributed on the body surface and Rankine sources on the free surface.
The free surface boundary condition is linearized with respect to the oncoming flow.
Four—points upwind finite difference scheme is used to compute the free surface boundary
condition. A hyperboloidal panel is adopted to represent the hull surface, which can
compensate the defects of the low-order panel method The design of a 5500TEU container
carrier is perforrmed with respect to reduction of the wave resistance. To reduce the wave
resistance, calculated pressure on the hull surface is modified to have the lower fluctuation,
and is applied as a Dinchlet type dynamic boundary condition on the hull surface. The
designed hull form is verified to have the lower wave resistance than the initial one not only

by computation but by experiment.
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Fig.15 Pressure Distribution for Design
Container Carriers

dEEe] FE FE nuslgon, ol E3ly
ool A xHog RAPA HAZRH O EA )
A REE Holn gl AE IUsih 2
el Sja] AAER A Myl ¥4 < ¥
IE ojzxe] AT S9URY AR vwd
AUXEtH, o|F Fate] AR 8Pshe 24

I~

&, dad

go) 428 AT HYY WA} BELYA o)
o7 Aog BerHelay,

YA BN ABERICZ I3he] Rankine
2928 A7t 022 $23 SN %88
U 5 gor, oldw A AFER St
BaATN Frelge UsEg 4 o oo

B AAWE 5B g 22 go] Al
AP FHA7IOE BEH Juio] B3

N

| MEQ] R BdaHn, 53] 23 @4 9
g kEEe WM maEHA] e olfd 7)Y
Ao AZtEn ol ke HPHAHY 2
e AA 39 AR 213 84 o= Az
B ARt Fole SE BRTIE ddeR g
A H28 & AitellAE Rankine 2929] A
717 B ol A dE 03l ALtE 9
FEZ 3

-

2 Origiral Hull Celewetion
* Origiral Hull Experiment

Moc:fied Hul' Calculation

Mocfied Hull Expariment

o0
o el

Cok

NSNS Sl s

T T Bt
ol

&

IR O T VN B W S S Y PR I

-4 02 [X8) 0.2 02
x

Fig.16 Wave Profiles for Design Container
Carriers

0 Madified Hull Calculation

5
+reerCem et Original Hull Calculanion
~—@—— Mad:ficd Hull Experiment
a

@ Origing’ Hull Experiment A
Design Speed (25kis) B
|
| g
b

Cw x 1000

T G T § —
0.20 0.22 0.24 - 0.26 0.28 0.30
Fig.17 Wave Resistances for Design
Container Carriers
FA Ayl i =nA4gel dig Axt Aate
Z71 Ao gk At Ao} A 3F

Transactions of SNAK, Vol 33, No. 3, August 1996



VLU E OJET Uy A0 #8 |7 (1)

Aol Agr A Adte) didx  vlaElg o,
Fig.1l69] 4% 383} A Figl179] &= ua
Zpxggro e Aelsidok 2ol ay B 4
UE vl o] FAY AP, Akt Aoy
o] gFapAe] Hjole] edted thd FHHQ x}o)
7b A7le s, BA BEAMUY S g3l g
ojA &ds] AR AE & F Qlrk

5. & ¢

olgel 1AE el e 2L FEL
+ SR,

tlo

(1) 3349 Faol ther B UAY ANL o
S4B 20 guelNe) 24 AW B
9 AH EWE JhEn WAsH: Wigley el
BE NN 2T a9 Fge] AHH Ho

Z sl

—~

2) A¥e 94 "z FE dold oy $39
FE 23 ARE 2925 e A¥Y AT
HE ArBIA e, o]& olgste] HAIE MR
S500TEU Eellold e =3t 2ake] A
2 AN FEHoz $sh AT

X o o od

() ZAxHoz Yy dHge HAly HAL
TSR Zhe vldAdd =5 Yot ¥4
Ao dla] 2 kel 43t Al sje) HAre

3

REBEAEBEIRE £ 33 £ 8 3 ¥t 19964 88

47

WAshe AEe ste] Fabe] HE) A o) F
AAER & F ATk

@) #x Adel 43 £3& AT A
Agxe] o o s Wi WAY +
UsH o2 Ferect

6) APHAA BARS AR} Yok o4
BEES /T 34e ol 5 ke HolA

F3 #He] AAAs ol MA) FA7) €
7ve) v B9 Jidelx HE 2 & glegz
Azrett

212 s

1] FAE “Go2YPE o143 HFgA dAd &
g AP BRALEke=R, M- ulski, 1996,

[2] Lee, CS, Kim, Y.G. and Suh, J.C, "A Surface
Panel Method for Design of Hydrofoils,” JSR,
Vol.38 No.3, 194,

(3] Batchelor, GK., ”“An Itroduction to Fhid
Dynamics,” Cambridge University Press, UK,
1967.

{4] Van, SH, "Numerical Calculation of the Flow
aroond a Ship by Rankine Source
Distributions,” KIMM Report, UCE404-1301,
1988,

5] o1%Ad, HAA, “#Fasdoe teolE B¥”
e AT, A32d A2E,199%5.



