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Hull Form Generation of Minim_um Wave Resistance
by a Nonlinear Optimization Method
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Abstract

This paper is concerned with the generation of an optimal forward hull form by
a nonlinear programming method. A Rankine source panel method based on the
inviscid and potential flow approximation is employed to calculate the wave-making
resistance and SQP method is also used for the optimization. The hull form is
represented by a spline function. The forward hull form of a minimum wave
resistance with the given design constraints is generated. In addition, the forward
hull form of a minimum total resistance by considering the frictional resistance
together with an empirical form factor is proeduced and compared with the former
result.

Uz 20004 63/ 1Y, SQ1xE: 20004 8% 299

‘ahsil, RANOIEte TOGIBED et (B SIS I (FE)
T, Ry PaOEm MU (ZIHZIEHT L)
E-mail:chunahh@hyowon.cc.pusan.ac.kr



12
1. A A

=z e AWE o8 A2E ¥4
Aol thet Fdel Fdi=Ez 3lon, mEbd Ha
AT i Al g A7 243 33
2 It} Hsiung (1981, 1984)2 A& ®
E(tent)¥r= YERiT ¥R (thin ship)o|&&
ol gated Zmpgle] HAvt He HFE A
Gt o] AL ZopAE 4S Wido| o &
atn glenz o ole] 7iAE A &, 7|E
Ao Zejof shz A2ke] Ut} ol SE5)
71 98 Sharma/Naegle(1970)2 Z3A3 A
A BEE AEAHE o} EslH ey o] ¥R
o8 FHIFe HAFLE T8Ik Kim
(1991)2 7{&4d3e] Neumann-Kelvine|&&
AREEle] HgE|A S sl vkl uhio)
&5 AEsle A AMFgE AL st HAIE
AlglelEtt. Hiravama et al.(1998)& &
w2 B e il dFlae g oladt oty
NS sl BE HAHE AMBstach.
(inverce method)®] 28l Chou et
al.(1998)°] B-spline surface methodE AHE-
slo] AAE ¥t LA HEEE HEH
oz Hsle] olF ke MEE AL =&
stk iy oleid W2 AdAiAtel g
o Esfjo} Bl o] it

T CFDE ol &3 AH FH9 /%3 &4
ol #utsl AsiElm gJed Janson/Larsson
(1996)°] A= X f2ol <3 2548
5l AMvlE Navier-Stokes WAL Eeois
A Alxtsled #2283 Hino
et al.(1998)., Himeno/Tahara{1998), Huan
/Huang{1998)& A&l HHzld CFDE +H-
sl A A o] hashs M-S AdAISES

B =52 2aAge] BHdA HHAFPYE
Alzslget, AAe Ferguson basis® o] 231
nonuniform parametric 2Z=}(Kim/Van
1999) & ol&dtd QARUL fHee did=
v W7l ddEE o] &8l 2ubA S
Adstder, z2eja #HAF3 Y88 Kim/Chun

43y, "5

(1999a), Kim/Chun(1999b)e] WIG 4te] 3
Halol olgsl] 1 #8497 WE FHAYE 2o
F o8 AlEe shijl SQPH-E ol gstch
33l A8E Series 60AEE 71EH0E Flo
AodzdE WA z2aAge] Havl He
AEE Adstn niEAgs ZAEHeg FolAle
HAdgAIT (form factor)®] g Fvlek] #
Aol Hivh Hle J¥E gAsidct. AFe]
¥ AL 2EY FrE o8t 2L
AL EARSE g5t A AdE 25
< olgsted AT A Adel et A glo]
AAMe w7 2R At AR d5A1Z

& gl & Aol Ao
2. tmiel m

A3l 2} dAnlcl ol kel @ THZ o]
gale) zolx|gtel A4l daglh A EHzERA
2] Aol Hgsitk B E=¥dME Kim/
Chun(1999a)°c| UEF WYL o|8sld A4 &
el 2R rel ZRE §F Al o
§ AzE At o] whEe ANATIe] B
Fe] o]Fe] Aug A ste] B2 A3 A
A Aol feletch @ MAlel F449 side
profile’e 37 AT Slola HHzl =gl
2ol A4 side profile 2] WHILE A& gl
o}

HdS dANsZ AMsls A5 ddo] B9
GRE AAREE] F gouia] ALl &
ZlElRlgt e =S dApASE wlstn Mo S
4 252R1& ol &3l AAE ZH ¢ apde]
o AR glo] A 7} R A A
e GEAFG ok ER e zEDNE
AAs) A% A (fairing) 20 o2 2F
RIS AMEgoza Ayt vlugA SRz
R pHEkA] gelm Hul

3. BESERIS] PASIL} $RIA

275 BAl9l PAske Foln BAE 484



vl HASE 710l 9 Ho ZopAE 4 44

FHoZ ¥igsh= Aot} ol MAME =2F
g AFsha o|AE dARIse] Az B5H
s RE dAAkEAE il ojeg 4
o2 F#sh= Fo|}.

3.1 HdAMpo M

AANFRE AAE vehlle e ZAE =Hals
oo, AR ZA FEE v AR
2 H3ict DRdEAe dASe exAon
el FolF nodeBE Ate 33k Ak
{cubic spline}22 HE3K] o] nodeide] 23}

£ vigglosy diEgE HskiA ¢ 9l
ot webA] A= Lppel 25%71Rle] o
Al 428382 A4 side profile 571deg 2%
47700 39 S oS A5 4078
7t "t

3.2 5Hgse H4F

A 2P Ry AAFH Ry F71A
2RYSE Asa Fol el ZTH
3 22 dAge] H4v) e sk Aok

f=Rror Ry

TIE|E A4t

uldy, TAdsEe JHoR Wildex ¥
Il efsh M o HEo2 IS
ARtetsch, 2 =2Anlel 290 HaE:
A3 Chuns(15)€ Fnalr] vich

& ATt Al
A Age g 9lF] AAEc}
Rr = 0.50U4S [Cy+ Cr (1+£)]
A7, Cw & Cp & 2049 9 12438
Al {(1+k)= Holtrop(1984)ell 2jsl =gk
theel ARAe Algsignt
1+k£ = 0.9340. 487118 ¢ ( Bf L)!-068%

( T/L)0.46106 (L/LR) 0.121$3(L3/ V)0.36486

(1 _ Cp) —0.604247

13

71 cye A8l e ALZ Series
60482 AEF cp=1¢1® L=Ly, B=
Z T=%% Lp=d(run)% ZHeo| V=13,
Cye FEAF St AFEEE, o= 29 U

o},

3.3 Aledx71e &3

AtzNE dAe 2 B¥ED 2%
T AUxdz a4 gzde] Ut ol 2E
Vit AN e dAFstn -5l oa Ha
§ A F2AES LA

o A =] i3t Ao} ¢ A kS wim
7] HelMe wiedE TSk Ao] Ykl
v, vieds 23 A g wsb vy
nA% £ U2 o 2ol wiEke] Wsle Folx
Z7] wieEkel 2%l WelAl st

o +d(water line)® 71871l tigd et -
FAT A9 FusE HAE] siekd 2 7
ENE F( +)ez Agsigich

o AW g iE At - WaA 47
B4e et

3.4 SQPH

SQPHE uldge EAel Azyds A
A g dgidlA Tavlor #7iskd, BAFEe
olabr o Aopzzle Yx Moz Taksled
SA-EAE detHVanderplaats, 1984). L
A2 FHPFE A2 WEe] FEAW
olFAE A Tk AT AT A
& TRk o)ZE d2dAle] dAdez s
v A gdto 2y FEHog FAHE A W
Holr}, o vhE-3] o)A X1 =X+ a,;S7F =4,
aye Gl AgdetEA 21 gElAle] o)F A o]

o S BAWEeln X, AASel)
4. HibEn 2 ER

ZHRG Are W@Z4E e A ) AAE



14

2 A7 A" Z2a¥e Chun et
al . (1997) o o8 A Hxo) Asd =2
#Aolr}. Fig 12 Series 60 A3 tigl AAr 2
3o} A AxE vlwstn Uk Fig.2e #HA
ghol] AMEE A g AMREA AdETEE e}
Ao dile yweloz 7 sida awidkoz
207) Sd= FEsidn ARETILE 15x50719)
Hd& AbBeld e @ —(0.5L=<x<2.0L, y
Mo 2 0=<y<0.67LHHR st wdyey A
S Hdse ARFEHY] 9L 49 ghe de
Z Ag o 77 F83] Eeior Aot R
g7t 7R mel AlAzle] Bel| Frlksln
BhEol] o Aatsle A3 DM e F4%
A4r Azke] Z718 e}

Exp. [ITTC, 1984}
201 ] Rankine source .
3
2 15}
ey
-
Bl OF
5]
05
0839 035 750 055

Fig.1 Wave resistance coefficient for
Series - 60 with ITTC experimental
coefficient)

(residuary resistance

rarnge

AP

Fig.2 Panel arrangement for hull
and free surface

Fig.19 ¥ vis Zo| Al ZopA3 A
7F A3 A3e] Hejol g7 wjEel gEgt Ao
2 AzZiglol B dated AhgEH wdps #A 5

n3g. dzg

3 BEe] Fig2d Mol sjd4E Argsid
o,

Zold Aok g Ve Aol Hav} 8
=AY 44E B 5 Qen B =Eeie o
& 3717 9ol et ATE BelT

Case 1. oA ake] HAs

Case 2. FURAE 34l =oA4de 3
23}

Case 3. HA|3he] 4%

A3 Al 271HFE Series 60(Cy =
0.6)= A3l Fy=10.3169014 AJssiict.
Fig.3& 71§ Juzsl A< side—profile 1
23 Meyie] vECE Jepd ool zut
Al dFgS nlAle AeRE(Lppd 26%)&
AARATR 59lon] vejx] BB s

e -

Fig.3 Body plan., side profile and
half-breadth line of Series 60 {CB=0.6)
initial ship

Case 1. ZTIIASIO] #[ 45l
Az Ade 47187 Adt wipsk Aoks
< ERELE T HFIE Ay
iRtk o] AY AANSE Mde e =ZAA
side-profiled] AR 2% 47700} Fig4e
Case 19 Zz} g9 4L Jehidd. 271
M) vjskd d B gHAe] Fr1et g4t

o] ¥ side-profiles $OoR RF Hol



BIHE HEE 71 AS o AT JE 44

offt
or
o
ha8
A
H
o
B
o
il
oZ
lo
r)‘
s
o
e

Yepdel s &2 ¢Joln, 4
of Hth= A} &4 wiEo SR LT
A2 dehlz sixlE ge i}
gleld A Ag A ¥ FHou
Waknl fauigko g FAlol 343 I Wiz

el B TEo] chh ol2jfiat el M1
715 7Helsl: xSz 2l AR 8t
et

4% Fe¥ske fa4E F/M7IE da
@z = glient, ddse N FE%
AMAEE S F32 Case 19 2%
SGI Origine +#¥FFHE (CPU R10000 47,
1.4 GFLOPS)E ARg38ld o 204|7te] 485
L=

ra N10 oft @ o

4t o

Fig. 4 Body plan. side profile and
half-breadth line of Case 1 optimum
ship

Fo7l SelA ZaA AT g8 Series
60°] 1.29x 10714 AL 0.95x<107 2
2 26.3% A2stch A6 P e 2
A GAGE Al Fig. 79 EdF3 9len
Series 60, Case 2, Case 39 Z#el EAl9
Ho3 glt) olof] thgt A9.2 HolA tohA] st
712 gt

c AMHEE TR
-1
AfzAN BAFrE Case 13 TL3A4 F

=uix|ste] ®

3 Al Fadel it e Hrisied. &
FHo] 2L PSR enR AANULEE 4
Fhelc}, ZafAge} S vxE $49)
23 Case 19 Aol B 49 &4
Uk mingd] 23 B A & gl Fig.5
Case 29 3 A¥S vehd el o] A
o] zaAARASTE 0.93%10°28 28% a3
AW Mg FEo d¥de Case 1 HY & ¢
Z7keldd, 248 HAMYe] 2uAYgE
Fig. 7ol ¥l walE},

<o

B/
A}

Lo

A

ot rir

Fig.5 Body plan., side profile and
half-breadth line of Case 2 optimum
ship

A7 Mg wjad Aeks UEsleM
AAGFE BArE Tz A s
ZapAgte] 7HAE $13F ¥4 wale ¥4AY
o] F7HE 72 mefol Hof AMAge] Fv}
g & glezmz ouf ohabAigte] &g Hrlel
T3t M4 gdde] F7HE 4E 4 o

Fig 62 Case 39 #3} d&eolt} Case 13}
H]3 A8elz|yt M4 side-profiled] HAFLS
Mg AA REo] Case 12T F718 dato] g
Ao}, ZHAYASE 26.2% Faset

Fig. 7& 27| A¥3} glolM BoE 3714 3
7 A3 zoAgAle] vl afelth gellA
JAEF  uwied PFe]  HA=REA  AEE:
(Fu=0.316)04 =AgATaol Fasigan



16

P A Ad vlsg AdE Rdn. =
Fy = 0.26°1318 Alejslz Ayl vhEd £59
GollM = 2R FAS ghe] A A YEbEE
Holx gl & HAANIEE HEo|A Aol
RS o # dn, £ 989 SvREAGY
Zasid e3)e] A de] Frlehe AL Hoj
i gt} Fig.8e Fu=0.316004 Z7]4#o|
thgt 2% gk(toda et al. 1991} A2k 3k 2
2]l Case 39 HAQ¥e wave contourd] Y]
2 3ol Fig.9v AH-ARe #nE vlud
a&elt}, Y=0.1L= Y=0.3LA2] sz 2%
HAAG | gt} woly S & 4 sloh

[/

Fig.6 Body plan. side profile and
half-breadth line of Case 3 optimum
ship

3.3
10k initial ship
———— case !
= 23 e case2
g 20F case 3
Py
*31‘.5 r
L
1.0F
0.3fF
a.0 L L =
0235 0.30 .33
F

Fig.7 Wave resistance coefficient vs.
speed for initial ship and three
optimum ships

43y, 48

Fig.8 Comparison of Wave Contours for
Series 60 and Case 3 optimal hull
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