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The present study established hull form optimization for small catamaran based on variations of knuckle lines, Four knuckle lines

below the free surface were employed as design variables, Knuckle lines were independently transformed within remaining the

main dimensions of the existing hull, For the hull form optimization, the SHERPA algorithm of HEEDS was utilized, Computational

fluid dynamics was employed to estimate the resistance performance, The optimal hull showed the improvement of resistance

performance of 9.3% than that of existing hull, The improvement of wave and pressure distributions for optimal hull was

confirmed, Throughout the present study, it is expected that established optimization method can be applied for various small

vessels such as fishing and leisure boats,
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dynamics(TAS K|S, Resistance performance(X

1.ME

ZHGIAP|F(IMO)= 2008 Ciu| 2050E7IK] & o4zt
GHG(Greenhouse Gas) HIEZZ 50 %7HK| 0= A2 FHst
o ok MEb AXE ARE &8 7|EZ UEsfob sk
EEDI(Energy Efficiency Design Index) M= 201335E] AlaH
=ojgtony, o AP UK |FHMARPOL)O| ZH-E] 2} 2023
HREf= oA 28 S0 I EsiMEte| o x| &8 7HME
St EEXI(Energy Efficiency Existing Ship Index), ClI(Carbon
Intensity Indicator) M| =7t £ ¥ ARMEICE 0|2t 242 24Tt
A USRS flet AT ZEEHA B HiES S0|10XL she
FE9| 30| HX|2 C} (Lindstad et al., 2022).
MelollM i E=l= EE Z0l WHoZR s ERIER| 2 2

TER| €], 2l ARE AESHs 2 S0l tiEAo|ct

ol

r

x|

rl

=
T

gds)

—_— —

LNG), MERS, 4 50| A2H

F2lg oo ggsie etatols

Aakko—-Saksa et al., 2023). ZlEkRd R0z WspMATIA
Z|2oll=

=

— = o -
olAtstER: HiZO| Bt e
K| ML gk ezl Af

N Mste] oi2 ABRIZ F0| 2AUIA HES Us
= M8 #M5i2 S5k DES0| Mst MY} Zesic

M3 EEEK QeETE AR} RIAD 23] ol A3
2 37 4Rk YAOR SO, DHAIES Saf Aol
o olz

et al., 2017). O|&F HFEQ

el w2t olE2 olget MY
CAD Z2Ig 0|23}0{ Mele]

ot MY HMaP} =D glon],
S

o
o FLhFA

Received : 9 June 2023 | Revised : 1 August 2023 | Accepted : 2 August 2023

1 Corresponding author : Dong—-Woo Park, dwpark@tu.ac kr


https://crossmark.crossref.org/dialog/?doi=10.3744/SNAK.2023.60.5.332&domain=http://jsnak.org/&uri_scheme=http:&cm_version=v1.5

SHComputational Fluid Dynamics, CFD) siiAl2 Ssff As =7}
£ gERNoz sl 2MMYE TESFICL Pak et al
(201202 Mygest Xs3le 2lsh NURBS(Non-Uniform
Rational B-Spline)”7|He MBs5i%ct ZHE FsiAg Sl

1% F8 Ro-Pax 82| 2

[
]
B

>

ghet = Q= J|Hol| thet AFE SAUSIGHCE fekde €3
sleMez YoM Zuket fESolM IS 3|
sfohs CISA g8 AYsIen U MY 2|XelE Sall <f
13 %E 7HMSIACE Park et al. (2022)2 T2IHES] Hek=M
2 0|&sj0] M7 Mg HehZien] o Lo} ek
017|240l SACRL BT ool ThSto] vi22 LRIA|

ZCh O|E Soll AS22 vl MUuxg PSSl 22 §

TE BTGk AAAMLl MY Bt 7|HE Heksiict.
oY 4T Muof Md HEt (7S AHEH F MA Aol
2k Hislol| wE e S R0IE elspAut, ctauldel| e
of 1Y ek St Mgds x1olE vlwet Bt ot Park et
al. (2001)2 M&% & % =ziolM 43| + dH 72840 7
S50l o|xl= g2 ATsiRien] M| Aol A2t 7Kz
U E0F IS 7o o 7H0] BYfske A2 e
Sofl LIERARICE Kim et al. (2010)2 F S| Afolof] LHlish=
T2 Qg 7MY S E0|1At claiide| gats ijEez o
AHgh 2215 4Sd 2N Mufe| ME X3S fASIQICt 4|
M Sall F MA Afole] ko] HSF ool offt &%
k40| Z0I1EL 2EAEE Soll =2 FZoIM M| AfolollA
Zhdo| 37| Liekt= RS =elgt BE 2UTh Choi et al. (2013)
2 YSMES o|F = Chstidol Faof tisio] H75I%ien H]
CHalzt chalel EEMeEE TR M2 ClE F 71K 4ol of
off RIGHAIS TASIACE Cifet M=0iM siMS pAsIge
o AlME MEE oM BihE Mol =uxgdso| P
e =RISIGICt Park et al. (2022)= 28 4 Mulof| Cisio]
FRAIFE V(B o MY M fdllet vt flovt MA|
4o|, & 25 3o F2AIF tez MY FHslE 50
ZRAel M Helo| SYE BiISHK| IiCh
3 =

0| HIF2Z of &Y MHe| MY F|Xap| A=

==

Ir

ool 2 AFoME 28 A4S
Al
=

7|HE JHLSt, M TlHle] MY F|Xat 1iHE AtSals|io]

Table 1 Main particulars of target ship

Particulars Ship

Froude number Fn 0.303

Scale ratio I 9.400
Design speed 8.0 knots

Length between

perpendiculars Lee 18.800 m
Breadth of demi-hull B 1.960 m
Draft T 0.970 m
de[r)T:iS—tf]Eﬁeczr?tt;erIe;ne d 7.000 m
Displacement volume DISV 47.926 m®
Wetted surface area WSA 115.637 m?
CHAY Asto] MEHASS SHINZ DA} Bict 24 48 Muo|
ME g ]S MYs ¥ IS 255 A B4E M
ME Msg goleicl olE AtsstE A3t T MEs1od
a|xo| XS Tl 28 Mute] MYg T6tn, lxMy
1} 7|EMYe| MEMsS B E Sl oF Mol x5 gg
HESIA} St
2. M3 wigt 9 2x{s}

r
|'O
-
1o
=
0z
rx

o
rlo
noe

tmLfok ZHEZ ol M YA ollx|2
izufo} 718k HARMR| Slo|=2|=
tol| 2=of ZHEZ| AIAES EfRYSH
MA=IAeH XMetdsel WS @
b epZZel Mol HitjElez AA
2 Mg Table 10f LIELHCE CHat

2 HAss DHM X2 HigoR 43

_|
in
ne
-z
b
[l
ofn
I
o Mo
N
Ir

rx
_|II
[s)
il —|l——l
=
)l
=
A=
rl
I
re Tl

N
0p0
o
ol
Fn
N
r|-|(>)| 0F
0
i
B

o

o

=of RACE. o
Metel xekd

Z|AC.

or ox
08 >
]

\J

= AFolME theh Mefe] MetdsE 7HUAIZ7] sk M4

g e St MUY e SASHIAL, A
oH 2+ 7ol L{Z2leloll thal Fig. 12 Zo| HHSICE of
T E7U 70l fIxISt] AippHnt A2 Hol Mekds A
Mol dol dtfEez Tyt 2 2782 2lel(in_top,
out_top)2 Hek thalollM M 2lsiien, EM siee| 471 2f

i

My z|Mst nfyo| XISSIE 2l HEzlele| gao| AAH
Hz=o| Mgl w2l Haksl= My st IEE eI, of
FEs A2 zHE ATEY0Ql Rhinoceros Ver. 6 LH2|

grasshopper 252 ARSsl ZH4ASIRACE Grasshoppere AIZHA

JSNAK, Vol, 60, No, 5, October 2023

333



In Bot Out Bot

(a) (b)
Fig. 1 Definition of design variables for knuckle lines of
the (a) inner and (b) outer hull
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Fig. 3 Variation example of knuckle lines near free surface,
(a) variation boundary in the side view (b) bow
outlines on port side in the front view (1st variation)
and (c) bow outlines on port side in the front view
(2nd variation)
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(@ Selection of surface geometries
with knuckle lines

(2 Independent variation of
In_Bot & Out_Bot
by moving control points

(3 1% variation by adjusting Mid_H, | ‘|,
2% variation of In_Mid & Out_Mid |,
by moving control points

v

@ Generating
modified geometry surface

(a)
Fig. 5 Schematics of (a) procedure and (b) Grasshopper
code for hull form variation
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Table 2 Optimization conditions

Z-QLPV{/{,'\\
e e Design parameter Evaluation
NN Top . Min Max interval number
\\\\ (velocity inlet) \\\ In_bot
/\;\/ . T Out_bot
< Yy TMidH | 50 % % %
\\ \\ca—':'j \i\“?% mldrr_“: 50 % 200 % 0.5 %
N 1.0Lyp \, Ship (no-slip wall) S = ]
AN Out_mid 400
tpresfmugituue;{ — \ ,\(VCI““W e Constraint condition
$ S Lower Upper
S oo\ DISV -0.5 % +0.5 %
\\\ L.5Lyp (velocity inlet) \\ \\\
z \\\\ N o />
N I N — Table 3 Results of optimization
SN—x N Side (symmetry plane)
Optimal hull | Existing hull diff.
Fig. 6 Computational domain and boundary conditions LCB [m] 8 584 3 683 11 %
" VCB [m] 0.556 0.563 -1.2 %
— WSA [m?] 115.122 115.637 -0.4 %
3 DISV [m®] 47.743 47.926 -0.4 %
105 R [N] 9.318 10.268 -9.3 %
i G\E_/—-a Rrs [kN] 6.265 7.0677 -11.4 %
E I Trim [deg] 0.0304 0.0367 -17.5 %
= or Sinkage [m]| -0.00546 | -0.00525 3.9 %
5 I
951 HPZZ M= ZMME9| Out_Boto| M| 20| S7lsk= &t
| OZ 0|SsIen, Out_Mde 53 fil &ekez o|ssINict
ol - ' Yy
Coarse Medium Fine v /i

Opti ‘ /
ptimal hull ( /', /
————— Existing hull | % {

Fig. 7 Grid dependency test

MEE| M3 HED D} KBNS BTl 7MS HigoR MY
H[5{312 SsIQC) ARs0] BB A #i4 2 Fokmzie]
{912 Table 20/l LIERAQICE A7 si4= J|z=pigo] wigh b
S wolo} 1 71242 HigloR A B0l HMEs/ion T
ot bjel HEle HXIsP| s KB Eail HOIS AN
c}h. Zxshe & 40080 MSZt EMIS S5 aiE/oion, & 7
2=l AEME0| £ Mgt SH el XEASS Table 30 : 4 /
LIERASICE AlMe| M Xfste ofZ3l| 2sf ITTC 1957 e e
ARSI A[RMES 7| Z=Msol tlsh DM o AlM Xi5io| e
9.3 %9} 11.4 % HMEIISS Holst 4 it Fokxzel Yy
B4k 0.4 % 2A=(0f HeEsziol 05 % O[S RISBich My
4Z2jel Bisl2 bmap| el ARMED 7|=MEe| B "’
Curve, SAC)S Fig. 80l =

n
!
ol

0
I
0!

T2 EotHA =M(Sectional Area
) k

AlSIZICE. Fig. Bla}e EHEAEe)
inbot2 HEMt 7|z
#9 32 i wato

B

MHE LIEfH 2oz
x| gtert In_Mide|
ACE Fig. 8(b)<l (b)

—
[

r
ro

o] X

10

S
N

rx
09k

U
o
]
=
N
mjo
i
4

JSNAK; Vol, 60, No, 5, October 2023 337



28 YSiol Metds IS fleh e EHat J|f T

Optimal hull

---------------- Existing hull
05 0.2 0.4 06 0.8 1
(AP) x,/L (FP)

(c)
Fig. 8 Comparison of body plan of existing and optimal
hulls : (a) inner side hull (b) outer side hull and
(c) SAC curve

-0.032 -0.026 -002 -0.014 -0.008-0002 0 0.004 001 0.016 0.022 D.028 D.034

Fig. 9 Contours of wave elevation in the free—surface
plane for (a) optimal and (b) existing hulls

Hitoz M Zo2 Z=5 In_Midet Out_ Mid7t
7IX|0q 0|2 ¢lslf EMME ol M=

H FEez 25 InMdet

I
2
i
o
S
nk
X
S
17
roh
rx

Out_Mide| stz Qlslf S5 ZAE Holof L[{Z2felo] 7|&
Mg oid| 22Rict Fig. 8(c)= &MY 2 7|EMES 2071
9| station@Z LPF0| Zt stationofiA{e] SHHXS H WS SAC
IMolct 7I2E2 W stationoll M xEHEZS L2 PRI
gt Zdo|ny, MZE2 itHH stationoflAe| ElckHE AS E[Ci
A A, 2 FARRISKSE ZA0(EE 2 In_Midet Out_Mide|
Mo = olsl Edy 29| L{Z2felo] o|Sst MRl
0| ZoREleZ ¢lslf EctHmo| Zast AS
7

M3l 2x5lE So) TEE AxMED|

J TlU ook

ol
5
o

J
¢

>
20
il

1
02
lo
Rl
03

1 0%
or

9b)o| 7|ZEMe the| Fig. 9(a)ol ZXME2 o] ol7t
U252 Folat & ot Eok § ESMEe] A% 7K
2 Qlofl wst= mlof Zo[7}h 7|EMdo] vl =&MHol o
SEE =elg & Uk P Mol ZRolAM Lisks The &A
M3lo| o 2 2 JHEIck ol AR 22 Mo| 2R0)A
0.06
Optimal hull
S 004f sreeeeeeee Existing hull 5
=
20
Lt
jus
-
i
=2
} ! I B
an XL, FP)
(a)
0.06
0.04

Wave Height [m]

@an XLy (F.F)

0.08

006}
004}
0ozt

ol

Wave Height [m]

-0.02r

VOdg———g 07 08 08
P L, FP)

Fig. 10 Wave profiles of optimal and existing hull at the
sections of (a) inner side, (b) center side and (c)
outer side

M2 InMd7F AFerH (2 S2Pk=d|, ol HEE M|

ol

tietxMatsl=2% M 603 Hi5S 2023 H 10

r
r
]



4

ell

oi| 2t 7S0| atfX ez Walk|HA Mol ZXof
ol =05 S7HIZI7 Ect MtjHez & thEd ?DEI &
Hdoll of3t mfe| Jgo| Medsol o 2 ek
ufdo| 3= Table 30iA LIEfH Z|ZMSHT} 7| EMEHO
S dYsiECt
2 o1 FO0|E B|wstuAl ZAME & 7|
of M| St 4 %A._i|9|7|—v-1l F=olM o Hels
Fig. 100il LERHACE Fig. 10(a)E AA2| 25 TS LIEKH
H2Z Fig. 8(a)ollA Kl~n—|—._4 F2lo| HE2felo| f#1Z2z of
Seloll wet Mot Rt g TR |71I 2 I ) S
Hog A4ttt Aoz & & Qlot ek MujollA of7fztz o]
OiXl= ol 71277t dehEICk Fig. 10()E &S M2
712 XEe| miE LERA o2 A MR oHZoflA Mit
74 7HMEol w2t UF Mol LSk Mol S S0
el=|len oj2fet dao] MA SHEFIK| O[ofZEICt Fig.
10(c)e Bk MHo| 28ske wuE LEkH ZHoZ Fig.
10(a)2t S Fig. 8(b)2| HIZZ Ao Arsrd £2 U
2efelo] M2 UM S23] Ao w2t MFel £o| &
ORX|HA M=p0l| ZEBShE me| F0|7t HolEle =elsiict
Fig. 112 x| ZHol| 2Z35h= A= x2S LIEICE MA|
of 7RiXl= U2 A (4)2 Z2o| LHASE PRI} SIFCE

!=| 0>
“-IE
_ol

4

o =

b

ol

ol 03'_

iray

X oborIr o
r—% rU

S Xfo

%|

0

>
_IE'_
g ]
El

(i

0!

.
47|

T
r_l_
]

rIr

[LE] 09 1 L1 12 13 14 15 1.& 1.7

,}
—

Fig. 11 Pressure distribution on (a) optimal and (b) existing
hull

~ P7Do
P 0.5pU?

07|M p= MH7t 2 3, po Y, Us 7Alef 4150]
Cl A MEE9o| Zo| ZoX|HAM mha7} JiMElof| w2} M4

=of| I-R°|_ OFE=I° ESESESES 40-||A-| Al-l:l~—| 7 l.% == 2|
o % lon], MZolA Aigsls e el Bx | 7|E
Mol Blsh 225i%S2 Solat 4+ it ol gk Rael

A0l Table 32| Metds Xl0|E LYt

4. 8 E
2 s 2% UENS oz [Z2il WEKg Tjsioz
B MyHE DES MMl MY EEE 7|HS et
e S XS] el XA Offol HAE 143
2lolg A7 WAz MHBRICE ARSE 2l UZ2kele of

== 2l E'j-’?- Md, Out_MidE AE*E'OPO:‘ON = 2ielol M
o

Mid_H B2} M2 | I°*E+ EEE 1 1 LEafelel HalE
25 Bi4= In_Bot, Out_BotS XMt MM S &5t
IMollM Ztzte| LZzfelo] TIEMES Fe MAs HOoLIX|
LTE M| Ax[of w2 JEEX7F ME=UCE

M 23S 8ol TEE AMMYL2 7|2 vlsh 28
M Mg TIFE 9.3 %2 M5 JiME Eoct E=&E MEMER
AReH 229 LZa2klo| 53 ditf wefoz #sls|9lond
0|2 ¢l MA| EYFoM M4-FE olsETF M7t 545t
A BolRl= gAlS 1Rt MEHsto= oIsh 2[M Mol M
QoA Zo| ZAFCZAM J|EME | Mife| £0|7} 7Y

M=iglon] MolM wdst Tio] B AOR T TISH| Alo]
of MNsl= Tl 7|27} elkiRle Helsigt wak A
Eo M55 9 MZ0| o 2mytjMsigict

TgEl M M5 o 48 HEMS HELS S
slolsioict Ol 283l0] 8% of o WE S cls A3
Mete] M HEEPL IKse 2oz ekt

°
2

T M |STIEe

I
7(| ST Al % efzu{of 7|H._F A=A oPOIE'EI Tl

J

References

Aakko—Saksa, P.T., Lehtoranta, K., Kuittinen, N., Jarvinen,
A., Jalkanen, J.P., Johnson, K., Jung, H., Ntziachristos,
L., Gagné, S., Takahashi, C., Karjalainen, P., Ronkko, T.

JSNAK, Vol, 60, No. 5, October 2023

339



A8 WEMO| HEMS TIMS 9Bk ME 2R} 7l Ty

and Timonen, H., 2023. Reduction in greenhouse gas and
other emissions from ship engines: Current trends and
future options. Progress in Energy and Combustion
Science, 94, 101055.

Choi, H.J. and Pak, D.W.,
performance analysis of the twin hull for a type of the

2013. Waveresistance

asymmetric and symmertic mono hull. Jounal of the
Korean Society of Marine Environment & Safety, 19(1),
p.78-84.

Huang, F. and Chi, Y.A.H.G., 2016. Hull form optimization of
a cargo ship for reduced drag. Journal of Hyarodynamics,
Ser. B 28(2), pp.173-183.

HEEDS MDO 2021.2 Getting Started Guide

Lee, YK., Shin, JH., Park, I.H., Kim, S., Lee, K.Y. and
Choi, Y.S., 2015. Mixed flow pump impeller diffuser
optimization method using CFX and HEEDS. T7ransactions
of the Korean Society of Mecharical Engineers B, 39(10),
pp.831-842.

Lee, J., Pak, DM. and Kim, Y., 2017. Experimental
investigation on the added resistance of modified KMLCC2
hull forms with different bow shapes. Proceedings of the
institution of Mechanical Engineers, Fart M: Jounal of
Engineering  for the Maritime Environment,  231(2),
pp.395-410.

Lindstad, E., Drazen, P., Rialland, A., Sandaas, |. and
Stokke, T., 2022. Reaching IMO 2050 GHG targets
exclusively through energy efficiency measures. SNAVE
Maritime Corwvention. OnePetro.

Kim, H.S. and Jeong, U.C., 2010. A study on the flow
characteristics between two hull forms of catamaran
Leisure boat. Journal of Korean Society of Mechanical
Techriology 12(1), pp.1-6.

Kim, M., Park, D.W., 2015. A study on the green ship design
for ultra large container ship. Journal of the Korean Society
of Marine Environment & Safety, 21(5), pp.558-570.

Kim, M., 2016. A study on efficient approaches for
grasshopper programming in architectural design process.
Korean Journal of Computational Design and Engineering,
21(4), pp.453-461.

Park, C.W. and Jeong, U.C., 2001. A study on the resistance
performance of twin hull forms—the effect of distance
between two hulls. Joumnal of Korean Society of
Mecharical Techrnology, 3(1), pp.163-168.

Park, D.W., Choi, H.J., 2012. Study for optimal hull form
design of a high speed Ro—-Pax ship on wave—making
resistance performance. Joumnal of Navigation and Fort
Research, 36(10), pp.787-793.

Park, J.H., Choi, JE. and Chun, H.H., 2015. Hull-form
optimization of KSUEZMAX
performance. /ntemational Jounal of Naval Archifecture
and QOcean Engineering, 7(1), pp.100-114.

Park, D.W. and Kim, 1., 2022. A study on the optimization of
main dimensions of a ship by design search techniques

to enhance resistance

based on the Al. Jounal of the Korean Society of Marine
Environment & Safety, 28(7), pp.1231-1237.

Park, S.W., Kim, S.H. and Lee, I., 2022. Study on hull form
variation of fore body based on multiple parametric
modification curves. Joumnal of the Society of Naval
Architects of Korea, 59(2), pp.96—108.

Shi, X. and Yang, W., 2013. Performance—driven architectural
design and optimization technique from a perspective of
architects. Autormation in Construction, 32, pp.125-135.

Yu, JW., Lee, C.M., Lee, |I. and Choi, J.E., 2017. Bow
hull=form optimization in waves of a 66,000 DWT bulk
carrier. international Journal of Naval Architecture and
Ocean Engineering, 9(5), pp.499-508.

Zhang, Y., Kim, D.J., and Bahatmaka, A., 2018. Parametric
method using grasshopper for bulbous bow generation.
2018 interational Conference on computing, Electronics &
Communications Engineering (ICCECE), pp.307-310.

340

]
==
ol

IEMSHS|I=2 2! X 60 MsE 20231 108

r
r
]



	소형 쌍동선의 저항성능 개선을 위한 선형 최적화 기법 개발
	1. 서론
	2. 선형 변환 및 최적화
	3. 결과 및 검토
	4. 결론
	References


