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Hull Form Optimization by Modification Function of Bell-shaped Distribution
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Abstract

A design procedure for a ship with minimum total resistance was developed using a
numerical optimization method called SQP(Sequential Quadratic Programming) and a CFD
technique based on the Rankine source panel method with the nonfinear free surface
boundary conditions. During the whole optimization process the geometry of the hull shape
was represented based on the NURBS(Non-uniform rational B-spline) technique and the
modification of the hull shape was controlled using the Bell-shaped distribution function to
keep the fairess of the hull shape before and after the hull modification.

The numerical analysis was carried out using 4000TEU container ship in the towing tank
facility installed in the Pusan national university to know the validity of the developed
algorithm for this study. As the results of the numerical analysis it proved that the
resistance of the optimized hull is conspicuously reduced in comparison with the original
hull in a wave-making resistance point of view.
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Fig. 1 Bell-shaped distribution function used
for profile modification
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Fig. 2 Bell-shaped distribution function used
for hull surface modification
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Table 1 Hydrostatic data for 4000TEU

Original | Optimized| (%)

LBP (m) 246 246.37 0.15
8 (m) 32.25
T (m) 10.80

Cs 0.6351 0.6367 0.25

Swer (mf)| 9852.3 0882.9 0.31
A (m°)| 54419.4 | 54639.8 0.41

Journal of SNAK, Vol. 43, No. 5, October 2006

Fn=

12
10

o]

o N A~ O

0.2540 A 2=XI6H

=
Flg 9— ZOILED XHLSEH0N HoHO
M

...... ongmal hull

optlmum huli

AW

ANEERNAN N7 7]

AN N
AN

7/ /7
N BN T S
NN R O 4 ]I/

NERNANEEL R S ¥ & A4

N\ \\\"/// /.
AN

Fig. 8 Comparison of body plans

original hull

[ L
" % N
2 L /
18 3 3 i 123 13 05 FR@)
optimized hull
q
% ' B § )
> 7

15 b id w108 1 185 ERI)

Fig. 7 Comparison of buttocks-lines

original hull

M
\5‘_, e 18 _
1. 1 4] w188 1% FUS IS £ 165 ]

e e e -

—

15 18 17 18 188 i 188 PR

Fig. 8 Comparison of water-lines

o N &~ O



556 ELY X HEFE~E 088 S8 HG Ol e A

M UEHRI0E EOIM SIXOIAS IDE A2 I DEASS SPA RS Hawol Do S
HIDS 20I0L XJIMED OIS0 RS 2 AR HIRE 200 TSI HIDGH0 £
TI0F AA50) OS] SIKIOIA 22 RO @ HASNIAS ZHE SIS MEIDF Mo
=olCt. OB XILIBIA CHa 2ASHE 28 HAIED
o oI MHEHME DEOmo| Bod DAY ZWOIA B ~ ALk
258 SI00 DBNES SEGSM, Fio. 10 Teble 2, Fig. 13 JI2IT 14= ZIEED 2
S QEAES Y50 MRS AES UEM 201 RAS0I OB ANST 2 olL2t 0@ JHX
. i 0] U510 ARIBIAES 283 2T @
Fig, 113 122 202t SUSTUA HAE I HASS 488 2DE M2 4IRS 200(CH
2ot J80IM dZst &A= Prohaska?
0005 e original SIS NESI0] 2EIACH B9 A 2 &
o002 opfmum Q= b9 20| HRAR0| ZIIMR0 10! &
o - 008 ‘ HoHA B2 FODSO| 27%HE0} ZAGHY
0008 o ; " 11 O, DHEAE ZURAHS SHSTOHA G

0.005
0.0025

P

= 0

-0.00251 vy = 0.100

-0.005. 05 ) 05 !

0.005

0.0025

g 0
000251 vy = 0.150

-0.005, 5 G 05 !

0.005

0.0025
000251 yp = 0.200 Fig. 11 Comparison of wave patterns
-0.005, 05 ) o5 1

Fig. 9 Comparisons of wave-cuts original hull

original hull

Fig. 10 Model ships Fig. 12 Comparison of wave systems near
bow

Ostxdsts =22 M 43 & M 5 & 200649 108



21
, ©

4

m
o
O
o

3, d58, 32

o

Table 2 Hydrostatic & hydrodynamic data

Original| Optimum %

A 40

1+k 1.165 1.159

Cr*10° (Exp.)| 3.869 | 3.7550 | -3.0

Cu*10° (Cal.) | 0.4817 | 0.3519 | -26.9

Ca#10° (Exp.) | 0.3151 | 0.1924 | -38.9
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Table 3 Hydrostatic & hydrodynamic data

Original | Optimum %

ny 1.081 1.090 0.8

Na 1.013 0.990 -2.3

no 0.638 0.642 0.6

no 0.698 0.693 -0.7

DHP 41277 39335 -4.6
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