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Abstract

Hull form generation and variation methods to be mainly discussed in this study are
based on the fairness optimized B-Spline form parameter curves (FOBFC). These curves
can be used both as indirect modification function for variation and as geometric entities
for hull form generation. The flexibility and functionality of geometric control technigue play
the most important role for the success of hull form optimization. This study shows the
hydrodynamic optimization process and the characteristics of optimum design hull forms
of a 14,000TEU containership and 60K LPG carrier. SHIPFLOW has been used as a CFD
solver and FS—Framework as a geometric modeler and optimizer.

#Keywords : Hull form optimization(&& %= 3}), Indirect modification function(2t& 8188t 4),
fairness optimized B-spline form parameter curve(FOBFC, Z & =& B-spline & =4), CFO(H
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e 8 Il A& (vertices)2 2= 3 Xt B-spline =

A Q) =(x(t), yt))= &Helstl 0I= Table 1 IA
e 22 EAUlelHE &8 E8sttt

o HAANMSEHE DBAI= LHBEESRE

REot| fdh =z~ BEHSIE 2t= B-spline &

at= KM (form parameter curve) o HES USH

20| = H3SH

25t 4~(Objective function) :
Minimize Eo

E, =tf{(3t)2 +(Z:ny)2}dt' n=2 ()

tg

HIstZE=H(equality constraints) :

hi = FPI initial FPI required — 0’ (2)

i=1..m

FP = Table 1 OIMet 22 &N =0l
Ch. &l (1), (2)22H SALIHHIE 2 2t OSX A
=8 H= X & FE FSEHC

F=E,+ > Ah =0 @)

i=1,m

A3 m2 HMStE=H2Z 0IsE Hatnlet
HE2 =0ICLEASE zHS ZHME &totet
HESY 20X &2 228 HO|Zo5t2 02

PH Md4E HdE 2HE =Y |ol= FOBFC
gegso 3882 £ &+ UL

Table 1 Form parameters describing a planar
curve.

Beginning End
Position Xo, Yo X1, Yq
Tangent angle Qo a
curvature Ko K
Area A
Centroid of area X, Yo

2.2 WMctHE DAl 28 SEMA
Fig. 1 OlA 20iXl= HI 201 g4
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(Nowacki and Kaklis 1998, Harries 1998, Lee
al.1995).
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Fig. 1 Surface based hull form generation by
means of the full parametric design
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Table 2 Basic curves describing hull form

Curve Symbol
Design waterline DWL
Flat of side curve FOS
Position Center plane curve CPC
Flat of bottom curve FOB
Deck DEC
Tangent Tangent angle at TAB
angle Beginning and End TAE
Curvature at Beginning and CAB
Curvature
End CAE
Area Sectional area curve SAC
Vertical moments of
) . VMS
Centroid of | sectional area
area Lateral moments of
LMS

sectional area
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Fig. 2 Full parametric design based on basic
curves

3.1 FOBFC Ti2tHIESl 2ZE ZA

1 Xt 282 SAC Ul ¥&E FPBFC Hata 42|
DI2ZtE A 0| Table 3 o BH&tsH 4 MictHEHE2)
HAHE Het2 Soll =8I UACH Fig. 3UHA = %=
U= HEE 20| SAC o & H3aiet ZUthdE o
s2 80 AHE =0 S6l, 88 SAC
SJIE22HEntrance angle) O a o & B3I s

tHetxdstsl =28 M4623 M6= 2009 123

I



Halol DIXl= G0l It dH ZE2RH &
LQEAMS 20[JF BItotD, O XL H0IB2=2
FHE+E ZINEES 280

Table 3 Form parameter variation range

FPBFC parameter
M2 8 Xoe, & Xie (Station)

(Entrance) | 8 a e, 8 a e (degree)
H012 8 Xor, 8 Xig (Station)
(Run) 8 & on, & 0 15 (degree)

8 Xc (%Lpp)

7.00E-04

6.50E-04
—@—— Angle0 (Entrance)

6.00E-04 = Anglet (Entrance)

Angle0 (Run)

5.50E-04

‘\ Anglet (Run)
% 5.00E-04
4.50E-04 \.\

o
4.00E-04 |- i A

3.50E-04 [

3.00E-04

-70 -60 -50 0 50 60 70

degree
Fig. 3 Cw with respect to the tangential angle
variation of SAC (Entrance and Run)

3.2 SAC =&t

BEE s OItHE 2 2AS i8S Sofl O
8t SAC &0l E dsE4 ¥ RE&AHF2
(feasible design range)2 Hotl 1 HHZEH &
EE HEE 2 A 2602 HFE = Ot 2
2 zHG ZHE JASIGIZLE 2AG J|gez
Tangent Search Method € 0I&5tUCH

SH&ta  Minimize Cweur

HHBE 1 8 Xe, 8 Xoe, 8 o e,

8 e, 8 Xor, & @ or
RIBES g < 5x (wLPP) <1

~6.175 < 5X . (M) < 6.175

—6.175 < 6X 5 (M) < 6.175
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—20 < b (deg ree) <30
—10 < 6ar, (deg ree) < 0.0
—10 < Sery (deg ree) <10
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2B oor 1o o

Fig. 9 Initial design and Optimum design

Fig. 10 Wave contours at 16.5 knots and ballast
draft condition (top: optimized hull form, bottom:
existing hull form)

Table 5 Improvements in performance
characteristics
Design cond. Ballast cond.
(% Diff.) (% Diff.)
WSA -1.06 -1.20
Disp. -0.36 -0.99
CFD EFD CFD EFD
RTs -0.98 0.74 -1.75 -5.70
PD -0.50 =7.79
CR 5.38 -10.08
CTs 1.81 -4.54
RTM -0.99 —4.22

% Diff. = (Optimized—Existing)/Existing*100
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