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Summary 
 

Practical ships need to have low total resistance in waves. The present paper proposes a hull optimization method for reducing 
resistance in still water and added resistance in wave, using the real-coded genetic algorithms. The real-coded genetic algorithm of 
the optimization method, employs the crossover operator for combining of the methods called the LUNDX-m(UNDX on m Latent 
Variables) and the EDX(Extrapolation-Directed Crossover), and employs the modified POSS (Pareto Optimal Selection Strategy) as 
a generation-alternation model. The panel-shift type Rankine source method is used for the calculation of wave-making resistance. 
The estimate formula based on statistical analysis is used for the form factor. Takahashi’s formula and Maruo’s formula are used for 
added resistance in waves. The hull optimization for KRISO 3000TEU container ship is carried out using the program which is 
based on the present method. In the optimization, many Pareto solutions are obtained. It is confirmed that these hull forms have low 
total resistance in still water and added resistance in waves comparing with the original form. 

 
 

1  

 

LNG

CB 0.6

 

LNG

 

Sakamoto

1) Peri DTMB Model54152)

3)

 

200m

4) 

( GA Real-coded 

 

     
    

 

 20 4 8  

213







Genetic Algorithm)
5)6)7)8)9)

KRISO 

3000TEU container ship9)

2

“

”

2. 1

TR (1)

FFwT

TT

CCkCC

SUCR

+⋅++=
⋅=

0

2

)1(

21 ρ (1) 

TC wC k

0FC Schoenherr
FC

ρ U S

FC FC 0.20×10-3

Rankine source

k

k

k

wC Rankine source 11)12)

Eggers 13)

GA

Rankine source










 Series60(CB=0.6) 











 




 DTMB Model5415 

Fig.1 Comparison of wave-making resistance coefficient  

 curves between experiment and computation  

Fig.1 Series60(CB=0.6) DTMB Model5415
14) 2)

　日本船舶海洋工学会論文集　第 7 号　 2008 年 6 月　 214







L

40 10

0.25 2.5

1/40

Eggers 2.0

k (2)
15)

( ) ( )
( ) ( ){ }cbB

BB

lCLB

CCLk

⋅−−=

+⋅∇=

031.013.1

25.0 3.131

γ

γ
  (2) 

∇ L B BC γ
cbl

k

RANS Reynolds-Averaged Navier-Stokes

1

k (2)
15)

k (2)

cbl k

KRISO 3000TEU container ship
T

C

R
C 10)

Rn=1.4×107

Fn=0.26
T

C 3.56×10-3
R

C 0.731×10-3

T
C 3.635×10-3

R
C 0.748×10-3

ITTC1957

2. 2

AW
R

16)
mAWR

rAWR

mAWR (3)

(4) 17)

( ) ( )
( )

( )

( ) ( )
( )

( ) )4/10(

cos

4

)4/1(

cos
4

2

22
0

4
0

2
0

2

22
0

4
0

2
0

1

2

3

4

3

4

<<×

⋅−+

⋅−⋅+




 ++−×

=
>×

⋅−+

⋅−⋅+




 +−=





∞

∞−

∞

∞−

τ

τ

χτ

πρ
τ

τ

χτπρ

ofcaseindmmH

mkkm

kmkm

R

ofcaseindmmH

mkkm

kmkm
R

ww

ww

m

m

m

m

mAW

ww

ww

m

m

mAW

(3) 

( )
( )ττ

ττ

ωτ

41212

41212

4,3

2,1

2

++⋅−=

−±−⋅=

=
⋅=

w

w

w

e

km

km

Ugk

gU

( ) ( ) ( )

( ) ( )

( ) ( )

( ) dximxz
k

km
xi

k

mkkm
imH

dximxz
k

km
xmH

mHmHmH

w

wL

L

w

ww

w

w
L

L

)exp()
)(

exp(

)exp()
)(

exp(

0

2
2/

2/

0

224

2

22/

2/
1

2
2

2
1

2

µ

σ

τ
µ

τ

τσ

+
−×

−+
=

+
−=

+=





−

−
(4) 

wk U B wl

β χ

θ Ah ρ g

eω i

( )xσ ( )xµ σz µz

mAWR
18) 19) (5)

{ }

{ }















∂
∂−−=

















∂
∂−−=

)()(
)(

1
)(

8

1
)(

)()(
)(

1
)(

4

1
)(

4

2

2

xyxb
x

Ui
xb

xA
g

x

xzxb
x

Ui
xb

xA
ig

x

reS

e

reH

e

ω
ωπ

µ

ω
ωπ

σ

wGr

wGwr

xxxz

xxlzxy

ςηη
ηηηη

−−−=

−−+−−=

53

642

)()(

)()()( (5)

)cosexp(

)cosexp(sin

σ

µ

χς

χχη

zkxikh

zkxikih

wwAw

wwAw

−−=

−−⋅=

平水中全抵抗と波浪中抵抗増加の低減を目指した船型最適化の研究 215







)(xAH
)(xAS 2

)(xb

2
η , 3η , 4

η , 5
η , 6

η

Lzσ =0.12 Lzµ =0.17

rAWR (6)
15)

( ) ( )

( ) ( ) ( )[ ] −−+−=−

−=

+
=

−+=

dydyB

Fn

dkKdkI

dkI

BhgR

ww

w

ArAW

χβχβχβ

χα

π
πα

χβραα

222

2

222

22

1

22
21

sinsin/1sin

)cos(5.3

)5.1()5.1(

)5.1(

sin2/11

(6) 

KI , d β
χ

Ah























     

λL

R
aw

/(
g

H
w

2 (B
2 /L

))
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b) Fn=0.25 : χ =150deg. 
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c) Fn=0.25 : χ =120deg. 

Fig.2 Comparison of added resistance in waves  

between experiment and computation  
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