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HULL FORM OPTIMIZATION FOR RAPIDITY BASED
ON OPTSHIP-SJTU

ABSTRACT

With the increasing tension of energy supply, energy conservation and
emission reduction are gradually attracting people's attention. EEDI brings
new challenge to hull form design for various types of ship, and hull form
optimization has become a key technology to be overcome urgently. At
present, most hull form optimization is taken for high-speed ship, and little
for low-speed full ship and even multi-hull ship. Therefore, hull form
optimization for various types of ship is explored in this thesis, providing
reference for related research.

An in-house ship hull form optimization solver, OPTShip-SJTU, is
taken in this thesis. The geometry of hull form is modified by shifting
method and Free Form Deformation (FFD) method. Neumann-Michell
(NM) theory and RANS method are taken in different optimization
problem to evaluate the objective functions for ship hydrodynamics.
Single-objective optimization algorithm, Genetic Algorithm (GA), and
multi-objective optimization algorithm, NSGA-II, are utilized to solve the
optimal hull. And Kriging approximation model is taken to evaluate ship
performance instead of numerical method in the optimization process.

In order to verify the reliability of the hull form optimization solver,
the fore body optimization for KCS is carried out in this thesis. The results
verify the reliability of Kriging approximation model, as well as the
reliability and efficiency of NM numerical method for resistance
optimization for medium or high speed ship. The total resistance of
optimal hull decreases obviously, and there exists superposition of crest
and trough in the flow field, causing favorable wave-making interference.

Then, the fore body and aft body optimization for JBC, a typical
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low-speed full ship, are successively carried out. The results of
single-objective optimization show that the flow separation near the stern
Is obviously improved, causing less vortex and great reduction of viscous
pressure resistance. And the results of multi-objective optimization show
that not only the total resistance greatly reduces, but also the wake quality
of the propeller disk significantly improves.

Finally, hull form optimization for a high-speed quad-hull ship is
carried out, not only the demihull form, but also the transverse and
longitudinal spacing, are modified at the same time. And the results show
that wave-making resistance decrease obviously due to the favorable
wave-making interference between the optimal demihull.

The achievements obtained in this thesis show that OPTShip-SJTU
has excellent applicability and reliability. And the results provides some
guidance and reference for the hull form optimization problems for various
types of actual ships.

KEY WORDS: Hull form optimization, OPTShip-SJTU, Low-speed full
ship, Multi-hull ship, Multi-objective optimization
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Fig.1-1 Comparison between the traditional ship hull form design model and optimization model
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Fig.1-2 Bezier patch method modify bow
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Fig.1-3 Comparison of wave height between expert modified hull and optimal hull
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Fig.1-4 Pareto ranking
Peri Z51201 (2003) KH % Hbrift & HE AT DTMB5415 BT T Lfb it
CLE BE A A A IS Sh iR A A DA F bw, SR DLZE R il T 5 920 i J LA 384T 2
1, BZARE) T — ARSI IE AT AL . TERLERAT [, Pinto S5 SR AR
RESLE N AR BN AT 1 B2 it it



SBO043:2

oSS N T e S VAT

Tahara. Peri Il Campana %5 (2003 ~ 2008)[28-32-&- 1/ 43 51 K FH W5 b 5 48047 T LA
HK, —FhsgdET CAD W77k, — M DIZE /Rl 73,  LABH 7714 5e A 5 14 Be
R EBREATA, HA R SR A RANS vkl , B ARG R A DA #E e
VAL BbAh, ABATIEHETT T AR A RN, 2 SRR AN A I AR S BOR B
B B e R AR BEBUE KR g as 0T B FrtEge AT I VP4l FERX DM BeR 2R
AL SRR AR TR RBCEH ;. 8 AR RBUGHIZ f5, PR &
P BB SR AR 230 E AR PR BE AT SE ARG 0 B PPAT, AR X AN BOR 2 T4 BE 1 =
AL B R i A . 22K BEARAL SR mE St 1 AR it R, $dmn 17O st 2,
A DRAE T S A0 AR SR ARG B, AT BB URAS 2] 1 A BRI, gk
PAC R GG L Z [0 7 JE TR AL T —Fh AN 1 8 K

FEIX BB, A BEIRIZ W T T4 ) Ja B A0 A B 1) 1 BE LA R 1) 4
R SR AR, A 1a) R M ] S 1 . B AR A R R B R 2R 1 2 B AstiAb .
BRIGZ b, ADBIEFT AN [F] (R T AR T VR 04T TEAE, SR BN R SEH
(R A4S JUART EEAL) 7 7

Harries (2006) B3R & & 75 20 SR B AN AT AR AT T U A, X
P IEW 2 AR AR EAT 261t B n, 18 I VR R R DR R AT AR AR T LA EE A (&
1-5), XML E A TR B AR R D, BARMESRIUE B8 2 (AN [F A AL,
B ZAENEEZE: Harries LLEFH i/, FEERK, 12K ETR, K
AR S NG E R BN FH S T 3500 NHTARAL, i@ 2 B AR EES B — R AR
RSB AAR LR, T H A — AN BT 13— 28 BB v H 2 B A 2 0 B
k.

W +"I|1': - I.

B 1-5 &Aeghs ik AR LR
Fig.1-5 Morphing approach modify hull geometry
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Fig.1-6 Parametric modeling approach modify KVLCC2 hull form
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Fig.1-7 FFD method modify Delft demihull form
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Fig.1-8 Comparison of wave height of Delft catamaran between original and optimal design
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Fig.1-9 NURBS-based method generate bow
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Fig.1-10 Comparison of wave pattern between original hull and optimal hull
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DIRECT AL B2 75 22 600 % =ks BE VPN A4 e ik 2R A P, K4 FILLED %
BAGHRE TR RPE, B AR USIOE .

Kim. Yang Z5161(2010)x} AL 2E A M HEAT AR LI AL, SRAI3ET NURBS (iH
() RBF J7 VAT J LA B A, R SR FH ARG P A RAR S DR 1) v b L BB, 1%
AR SR F — N IE BR OO EORS 5B A A0L A A & SR AT IR I, 120 T R B
Aab T v s R RTINS PR (i ASEADL P oy e 45 SR T 73 38

AR, BEE RS BYRAG ORI F s, [ A OCHE 7838 JF 46 % 580 2 4
(1B Sy 52 2% 1) S o R 2R (R B A B T R L TR 87 F il T 2 T W 9

Kim. Yang 71 (2013) xF BJCERMG FIERAR 1047 TALEAT T AR 2L e AL, 1551
=R RRMOAR A, BFEOCEBRAE,  AUH BRI DL R I 5A BR A A ER AR R H
R, R =R R AR AT AT TARIG IO, IR T B AR B A 1 R R R
ANRIFEEEIRAL .



SBO043:2

oSS N T e S VAT

Tahara %5181 (2014) 2 8 3 A A0 ST B AT B BEATL 1, X Bl ATL 14 A A 1)
( Stochastic Optimization Problem) 47 7 #f5%: &# MLt (Robust Design
Optimization, RDO). T r[FEE i1k (Reliability-Based Design Optimization,
RBDO ) DL J¢ & T w] % FE () & # 1% {1k ( Reliability-Based Robust Design
Optimization, RBRDO). RDO “%i& H 5 e AE (I FEHL I, RBDO 2% & £ R ek #U1H
FIBEALYE, 10 RBRDO N [FJH 2% & H ik R HOM £ 01 R B E U BEALYE . Tahara @it
SEMERARUAT I IR SEPRE . (Fr) a8 SC— M2 %5 B2 ek BOR VR A BEALEI N, IF DL
TR AR BE A S SR R SRR AT Z4E 9 B bR, X Delft XUARRGEAT T 2 B2k
BARAG &, PSS SRR A% & LRI R LR B A B, Ret ol
SR A E AL . 2 J5 Dies 14954 (2015 ~ 2017) fEStEEA |, #5E
SRR BT | RIS 2 TR 17 55 A 3 B BE AL , 26 T 3 38 X DTMB5415
BT T 2 eIk, BARRECN SR shiRE BT 2, Fiiz
F Karhunen-Loeve Expansion (KLE) 7544 ¥ it 25 [0 48 BE I 27 P 3] 11 4>, B
THRR A, RS B, RIS RAR T R, a7k

Copped €251 (2018) W M Al B 5 B R T 7 VA4 &, R FFD
J7ER AT RE H L A AR T I K, S EUR AR RS BT R, IS B
RIS, 03 XA 40 73 B A5 A2 T DX Sl AT b TRI4E 7, A3 7 SO R A B S
pain P

Tahara %6081 (2018) £FXFARANMIBE Sy M REFICEIRPERE, A BB AR SR 4>
PRI, WAL T PR RE 20 5 R Le AR B S EU AR SRR, 2 fa ik T T
REBUAAL, &5 AR WK BT AR <o e T LAAE SR BRI S BT A R0 1 BT I 42 v
R

MIMTEZ, EAMEEN TR T C 3T T AR ZIRZ T AL RN
Fi: PEREVPAN 51k DB BTG [R5 2256 A 5K ) CFD BUE AT, AT H 2 )
PRI B R VE RANS J73%: PRASEE T80 B 1) JR S A A B B B T
BN R 2RI ESE, B2 R S5REES RGNS, &5 N R 5
B FIE P m T RS A ER R —HR KRR Z Bir, MRBEE—T
BATT R EIRAE— R 51 Pareto s MR JLART B A4 7 v A e W] 1 DL ZE 7R b TV
2 INRR-EVE RSN RS SE R S B RAR 77 FRD J7ikAIE T NURBS il HI
RBF J7i545; ML B A M fa] 5 i i 2 T A6 2 B A2 (i Y Kriging #AY . RBF f %Y,
FHIAA RS BTt 7%, RG5O A & AR AR, EEaxtm
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YEV VT2 [ EAT R 4E, A2 ORIIE— 58 PR SR ARERS B2 A [ I S iy A R s ARG B E)
2 Wigley, S60, ZIfifi DTMB 5415, fE3E4HM KCS 55, FRIELEMy, wifs, #
TRRAEM, =AM Z RN AEARTERROL A 5 — (R BEL ) M e 21 [ =% L& R 7
VERE, FEL. HESEYERE, DLRMBPERE, BROVERESELR GRS ARAYHR AL M)A
B E P OLAL 0] R 2 BE LI LA IR R, 2508 T E . IR S EE R R I BRI 1)
BEBLIE, BA E B SR TR L.

1.22 ERMARHERE

AR ARTEEAMI RIES K, HESE RIFBRE, EA%E BTG
PRERE PR AT, JFR T HRI.

PR (2003) X3 IR ME - PR B AT I8 2, SR B 2Rk D4
BHZJERR T AR 6B T, R A AR iR R s R T, &5 SRR B Dk
BH 30/ T 15% 7 47 . FEBEEERE |, SRR (2004) SUMRHRZ L PE 4B BE /)
0T R I AR U B ) A ST THES, RIS B AT R A SOz s
R AR R PR TR 43 T I AT T 9T, IRl D4 B A 2k, 4 e A
HPVER G LR NE VA S S, X =R R A A R AT T Aetk, ERERH A
(S 51 Vaate S S N1 PR, 2 7 WS4 S WA DN I N

FERB (2007) FIFH iSIGHT # CFD #1 CAD iV At —i#g, LAHEdE
ROERANE S RZBCN B bR, SHERERIAT T LT R .

R0 (2007), K575 A1 D 3h 25061631 (2000, 2010) AT 153 FH P RER
R SEFAREY, @S SO AR R T BB SR AR R LT, FRE B DABUE N A
&, A Michell B1432A1 Rankine JEIETHELDSLEH 71, PANGUEBE SN B AR, (R
FrHEK BB K, 205K NLP 1 GA TR AL Eidxd BRI HEAT 7 b ¥it. b,
R H RN (20100 NMHET PRSI, XFTCRIRTRA
¥ 42 SR A IE A% B AN R AR AL A E L R R AR — S, BIJERA GA X
AU AT AR R, B PRMRE, kSR MMAITERN XIS, Al
F NLP 347 /3R . X PR A BEAMY E T AR R RSO S, [FIRT ek
BET RS

HUHREBEELS (2008) FIFHILA RN ERAEL IS A, DR RE
ESHUE R R, DU — S48 hR, WA R B R, B et
FEHOFTC R 1A B AR ET T 2 BRstiAb.

A XA IEEEDBS 72 (2009 ~ 2010) K F BNl A vE XA S LT 34T E A,
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SBO043:2

AT R A A S

KA SHIPFLOW A4 1H 5243 B 77, SR Holtrop 777245 S0k e B A0 BE #2BH 77,
PUERH TN B bR, RIS AL SRR S SR B AR M BRAG AT T B 2R A i, FEH
ISIGHT AL F & B A J LT E AR E (CAD) FINRAATERE PR AEL (CFD) £E%
K o

ERIL R 212010 R F & hnmh G20 JEam A kAT LA S 4, [RIAESR A iSIGHT
AL & K ZE A B AR B AR S5 A 1 RE T SR R e — k2, DAMAA R 77 A
M N B bR, R 2 BAREBE FILR IR Pareto BT, BRI645 J 3 0SB ) BRI
T 3%.

A=k FR AT (2010) % CFD @k FLUENT . AL Sk L E AR AR 4R
FRAE— ke 7T CFD [kl itk Re ik i it &, FF LA NACA0024 E A A
At 5, SR DUZE R i g vxd AL AT T U A, DABRAL T2 T FBE A LA
RIS RAE N B R, A NSGA-II BE#t47 T 2 HbsthAb it

Zs [k FRAETSTT] (2010 ~ 2013) R FH FFD 5 kAT JUMT A, SR B ik
fi S BH 77, R PSO ALK B ARAR, X FEHC T MR I B R AN R iR b AT T 4 244N
b, G5 REAIE T BT VER = AR AT M, RIS T AR IR PR AR (B 1-11).

Original cc I 0 TR

02 0 02 04 06 08 1

2. A

opt1 ce I ]| B

02 0 02 04 0B 08 1
M
B 1-11 ERFEARAA G & A 2F el
Fig.1-11 Comparison of pressure between original hull and optimal hull

B, BEIEEE (2012) FIH iSIGHT ¥ CFD T H. CAD T H. Wi
A AL R RAE — S, JF %M Lackenby 592 B MM AL, Bl SHIPFLOW
TN 7T, PARITTC (1957) AR HERIA S, LB N HAR, HEEm
S TR AU TR, R FEAG 3 A B0 5 — W AR AR 45 4 1) — B 4 S R AL T 2
TEMEAME RS AT TR, e 7 R P IBEAR T 9.42%.

HUGBZETT (2013) Mo AL A RE A e BT VR 06 A UL R 5 11 5 gt
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TTREFS, BB T dr TR 7RI W R R REAR S 3 5056 e it IR i el
R PRDRE ff B2 AN A R AR P i 1D 1] RO AR AR s (13 BB B AT TR 5K

H TS0 (2015) DL KCS (1 0 BH 77 A R 3 BT A i 35 51 BE R A Ak B b
KH RBF A&, RS & 7 ke 5 200 MEA s, SR
4 SHIPFLOW #HTHUE T, 2 JaH N L4 M@ isisy, @it 2 3 b
LEER R R AR . BUETHRE S R RN A AR ST, B
IS YRS NG 6

S B R SCEEBIS] (2014 ~ 2017) 4 5l 5% A A T LART SR VR RN 4525
AT IR AT THESC, 18I CHREF el T & %287 VA IR AL AR 4
RS, B X AR R 54,4 Neumann-Michell (NM) B¢ Al RANS J7
EAE N BIIK BN TG B R B B — k2, WP | ST 1 — B MR 4 AL AR Ak R
OPTShip-SITU, 43K T A E B JUATE M J77% CPRE . RBF 77 FFD 5i5)
PARAS R AR A S CET BRI 79 ORI 57 SQP. JE TR pLAE R i 4%
Hik GA. Z BARBE L NSGA-ID, ZEAIT AR (RAh T #2756 it
Al Kriging #70), Xt Wigley 5. S60 M. DTMB5415 fiftst (] 1-12) Z5ik4T
TR Z BARAGETE, FEEUE T R IR

(a) Fr=0.21 (b) Fr=0.28 (c) Fr=0.35

B 1-12 DTMB5415 #ACAT )& 3% i 2t pe(89]
Fig.1-12 Comparison of wave pattern between original hull and optimal hull

B g R B (2016) {f IR ALERfF OPTShip-SITU X Delft 372 XA
FARBLE DA S S P AR (B BEREAT 1 2 HARIAE, KA FRED J7iEiEAT LT EAY, KA
FT NM BEAS BUA TTVE T EGBE 1, 85 RERIIALTT ZAE Fr=0.5 F1 0.7 I %
BT RE RN T 8.9%F1 6.4%; B AR (2017) WA T £ BbsRL TR
9% (Multi Objective Particle Swarm Optimization, MOPSO), %} KCS #47 1 P4
WU TRt g R Fr=0.2 B SR PRIE I s iab, g 552588
(2017) BRI HEAT T TE, WGl BREA S 2 Kriging T UGEAY,
SR K Expected Improvement (E1)/572:4% 2 H b o& EUE f o AT AL Y357 25
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R, EXEEX OB IR A AT T, BB SAB i, X R A sE
AN AT DACRIE I DU B ARG i, iR e m A 0%

SR, B AR OGS OO AR PR ER B PR AT, XA R DS ER R AR AR
BT TREF, R TYED IR MREAR ahG U R i ik, S mft
Hik, SHERTT I, RBF 795K FFD 5655, Ksh JvERe - ik £ 8
28 ns, TR R, BAFEIR, RANS 77755 LR EGHE NLP, GA, NSGA-II,
PSO, MOPSO 4; Tl ARA M BIHIFEAL, Hhee 28Ry, Kriging #3145

SR, AMER W, B AR R AL A EAMIB B K R T &, IEAEAELL T RIFR :
RZH FMAT T BRI R, 5038 R R A 34T O RS 3
T FON GAE R T A, XTI FEA AL, WA R 2 RS
=Tt A B SR BON S —, 2RISR )8R 8 B AR R LT
XA IHER G KB v Re AR AL B b

13 ARCFETE

AR AR QA5 LA LA AL B OPTShip-SITU RZEAiE I,
XF B BB AN T PR BEAT 56 G MR AIE,  JFXS s IR AL KM LA B 22 A M 55 A
[FIR A AR AT R AL o

AL TARK T Z R BT

O A K2 BT RS B DA, 38 A DR AT AT — 00T K&
BEER. ASCRHA] 7 IR B 30T R RIRRRLACAL K A% & OPTShip-SITU, X i 7 4
B3 EAT 1 58 AR, BB IR T — B W AR H S M R AL R AT

@ A AR I FES R B T s AN, D% T H Al SRR AR
TR o AL JE R A ARG AE KA AL AR AT 1R, XA
RAIMAN A LR AUAL o) UBEAT 1 IRTT, A AR AR 2l 1 AN R AR LA X
s, KM TARKUTER T, R T AFERBUE AR A TERE, XA
FISR AN ARBOOCIE R VEREREAT 1 3 H ARl HARLAL, N SRSEPRM R f e 2L
TR T — g TR A%

@ EE M — AR EE NPT R, O 7 SRUE MDA SRS 1) SE A,
ARSCE SN A EE M KCS AR AT 1 RTALALINAL, 72 BeilE 7 Kriging AU
RIFTRTEENE,  BL NM BB 73 T rb e M B 7 1 e DA 0 Rl e A R e 2
AU P A PR B, S5 SIS AL “IES” SR BINBLS, M
AR T
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OfTE A FATRE BB A7 b7 EEAR N, 38 9/ % B 7 04 75 O A K A ok
YRR AN K, A R B ARG R BEL ) A 2 B 1 ok B RE B o IR0 7 92 0 R s L 77 1)
A AU, PR R BRI KR VA VRS B ), X TR AR ST R K R K
PAGJE s R, AR KA T T RERK, AT IR, T EM T K,
D] AR AR R P 2R B AR A — LR AR AL AL I M o AR S LSRR AE K IBC
PREAE AT B, B T RS AL, KRB IEA R, 4540
WXt FR AT T 081, R &I IBC AREAF/E I B sh /0 55 . B X JBC
FEEBIEAT T &AL, R BETIEVN I, B8 ek 1 v B AL R 1,
FHead i BE 7 B A o BT R uE T SR iE eI SEVE . B H bR AL AR AL S BE T
IR, S5GmaRSRIman 7> SRR RO, s/ TR R T

5 M I T B R AR P (AN AN A B A7, S M e X DRl 1 ) st Al
K, JCHEMERMR, AREYSs Rz, ol SRS AR IS, 52 M BR i 2 i HE
HBERER . ARSON RABH /N B AR S AR AL I 2 B T AR AT T b, RIAR
1 T7 SEAE N A3 A 2 255 T JIC DAL 90 S ) T P8E S TP ik /), T LA ) < 3l A ] ] <
B IAR R, LA T S AR 22 o DR AR SC DA B g e N B T AR IR AN Y
SR/ BE AT T 2 Biatial, 258 R HH A — MR TE F1980)N
1 H AR S PR PR IIE C, HAR M S 1 o A A b SR as 5 S N354T,
BEDANFERISA R MGE, SRETRERCR . RN EIFREME RN E
PERERAL T 1 IR S ) B fil

©5 AR ZATE T, ZARRAEE AT R R, A4 (R M T3
X RUEBA A R, RILTE 2 AR B, A R RAS R E A,
TR E B R R (A EE B E A o AR SO JE v R A DU A A B A 2 R DL R Ak T A
). GhIal [ BE[RI I EAT T RA, B E As e SRR I S AR B Ak (] 7= A 1 A R 2%
BT, MBI KIE TR 2 BRI Pareto BIHTIZIR A “MIE”, ik
75 % optl Al opt2 AT L5 KT, optl 7E Fr = 0.4 I XA R0/, 76 Fr = 05
I3 S K, T opt2 MME UM, iR optl & A RNTE, opt2 & A FiE,
5 Pareto 45 R4 .

AL H BN EENEMFEI T

BBNE TR R RS E S SRR A SRR R [ P AT 7
Je AT T ARERFN A3 HT, % A AR R A BOR [ — SN R AT TR, FRE A
] R T ARSI E B E AR, B SRR AR SCIAESE Y 2 FIRR L TAE T T ik

5w F T AR ALK A #S OPTShip-SITU FRHEZEFI &AM B E4T T i 2
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a3 b DN e el VA

I, FEXS AR R — £E VAT 1 RRAEA 4

= AT KCS BEAT 1AL AL, XS R 0 dr, Sk
TR SR AR & 0 T FEVE

SV BRI AL KA, X IBC #EAT T HE R AR AR AL, FERR A Z LI
AR BEAT 1 LU B8 H AR S B AREAE,  BAK B BT A3l 5O H b
INERER 737/ e

5 5 [R5 R AR ) LT S AR AR Ta) A J= X SR A DU AR AT 1 Y
et

FENEXN T T RGS, JE H T TAE NS MAR SRS IR AT TAREE, A
XF AR 5 A RO BT I TAFHEAT T
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BT mMBEMHREE

2.1 RRARZL B 1L ERH OPTShip-SJTU
FR A 2R R AR A, i B3 A

min f (x)
ST.9(x)=0,h(x)>0
xeD
Horr, () A ERRE, —BORMIARIKE) gtERe, BIAnBE i TkRE. HEREPERE
M98 P e DA BB A RE 545 g (x) R h(x) LIS eR B, AT A A TLART 3440 1) IRk
23 2 — LA RO AT, DRSNS SEPR BT RL A, Bl RERIF AL
KRR IR AR xR Wit s, @SR ITETRSHE, &
AR B ANAL AR S —— XN RIS R, B —2H 82 i HAERT N ME— AR R, &
IR DONAIATHE, RIS ALwcrhAsla), R AL BRI R
BT LA 2 B0k ) A, IR B FE TR T A 2 B Ak B
OPTShip-SITURY, {ZH A4 e T AR AL AR s oM, oK Zy Jg P RE PP AS AR, A4 AR
DL R ATAUSE ARPA, SRAHESE U 1] 2-1 FroR

OPTShip-SJTU

(2.1

l__—_L___" I“‘“L—__” I““L—__“
I ' IEEEE | IEEZETE
| | |
I =" . |
: Lo Kiduiud t AN o 18 1=z [
| | 1 naoe-FOAM-SITU T | | I |
[ Eat FTae |EFEEER I
I -EEREEFRY | | il | | |
| D 'EA B BB | I |
e sz Yl 2l B v PR | | |
I | | E % [ e | | | | |
|_ _—— — |- A e 4 | e
T T ERNATER A
RILERE®

B 2-1 ASAR& A EAL S 4 OPTShip-SITU A2 42
Fig.2-1 Framework of hull form optimization software OPTShip-SJTU
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2.2 BT R TT A

W R AR MO IR A IR R g 1 T BRI R, R EM I E 2
FFT AR R AL R AT IR, A A W RE VS R ARG, DA R AR 5
IR IR B i Ja A S5 R o AR TR A ST At O AR R AR #0575 BA %
KRBT AT N, HABTEIIEEAEN 2, 12 I SCHR[91].

2.2.1 £#%%

“FR2vd: (Shifting Method) & —Fh S EUAR AL Ty, 38 348 24 ok B0 IR AR A 51
T AR 2R AT B0, B A 7 TR -l A R 215 21 S M I

N TAE M ILESE AR, I NBS R g:

0.5
X—a
o, | 0.5(1—-cos2x 2) , % <x<aq,
0!2 —
05
_ X—a
9= —%{QSQ—aBZE 2)}, a, XX, (2.2)
a, =X,
0, elsewhere
X, o, x,
it N o,
/ \i\ i
.l;.i
= / ! B0 ey
L | - Y S — LN 4o =
= / A\ L B
lr‘.l
------- P
------ r :m % i
S xh i
0 | d i -,
0 0.5 1
X

B 22 FHETER
Fig.2-2 Shifting Method

Hrp b LA & x Al X, 70 BB X S 4R vl L AN 22 1B AT, oy NAE
R EITRAE o, ABEDEAZEAL (B 2-2). R B HUR G AU x ALds, (Al
B R BRI Z T R, AT SEEUN Y A
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PRE BT R RR D, ARG, EHTEMECE R BARER . W
K 2-3 oK P A2 i% KCS AR 34T BAK B A, 22T 9l AR ek v (e AL, A
LR ASE PRI AZ B, P 2 R R A e XN ] 5 i AR R A2 e
VELEE 8

0.04 -~ Optimal 0.04 -~ Optimal

— Initial — Initial

0.02 0.02

0.00 0.00

—0.02 -0.02

-0.04 -0.04

—0.08 —0.06 —0.04 —0.02 0.00 0.02 0.04 0.06 0.08 -0.08 -0.06 —-0.04 —-0.02 0.00 0.02 0.04 0.06 0.08

B 2-3 -FA k&3t KCS ATAR#AT AR T 4
Fig.2-3 Global modification for KCS fore body by Shifting Method

222 FFD 53

FFD (Free-Form Deformation) 7732:H1 Sederberg A1 Parry®1 2 1, Hi% {125 &
b, AR R, T AR XS /NI B A v s, T TR
B, AT TR .

(1) FEpinl
A Lattice A1J= 35 A58 R

BRI —A Lattice, 5 fFE MR S/EAN, Lattice BYE FE RIAARE
X1, DA Lattice F)—NT0SA B S ST Rl Ak bR &R O°-STU, WK 2-4 Flios:

4

K 2-4 Lattice F= B 3f 4 4% A
Fig.2-4 Lattice & local system
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Kl ST, U NARFREN R & o RBARIR R O-XYZ 1 — 5 X, BAE Rl e s R P
bR (st w), T
X=X,+SS +tT +uU (2.3)
IRAEAAARAL R, s, t, u AT RIRN:
G TXUOEX) | SxXUX,) (_ SxT(X-X,)

) , S (2.4)
TxU-S SxU-T SxT-U
AR, MTKAEPEE—A X, Hs, t,uB{EAE O 1 28,
Q)0 3 42 i T o

SRJA . AE Lattice FAGEIEHITN A Q,;\ » FF AW S, T, U =/NJ7 %S Lattice
i&ﬁfllmln%ﬁj\7 )n\]Jﬁ:

_oalg dr K
Qi""“_OJFISJFmTJrnU (2.5)
i=01..,1;j=0,1...mk=0,1,...n;
sk, MEZENAEE — A X A PLR A HI T S 3R 08
I m n
X(S,t,U) = ZZZ Bi,I(S)Bj,m (t) Bk,n (U)Qi,j,k (26)

Ko, By (s). B, (1) A1 By, (u) BN S BRI RS, LB, (s) AFlsE L
T
I

S e A
B, (s)= i!(I-i)!S (1-5s) (2.7)
B
i (2.6) I ATHD, WIGAMARR I b A R ABFRAZ | >xm >xn AN TS A 2614 bR
B, 1@ R A ) TS R R SRR AR 4 . 5 Lattice P HT— & X Rl ALR bR A
(s, t,w), FEHITAQ,;, BBNEIQ ,, » WA X WAHFEEN B 5 Xy -
| m n
Xgg =20 B, (5)B; ,()B,,()Q/;, (2.8)
i=0 j=0 k=0

R S B 5 DL HUAS [F) R R sh i1 L, 85 A RIIR 3h 7 [ A KA 2 &
HV AT SEHAS A AL RER
(2) H—HIRszhiz ] =
N 2-5 o, KA FED J5ikxt KCS BREGFGRIEAT AR, B — A iz /K7 [7)
MENRIFER R (200 BT SERLER S MG B BRI R 2, HAloy R R B, AR
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B 2-5 Lrok @ As s g ded) S E AR M LT 2 (P RIARA)
Fig.2-5 Motion of red control points to make bow raise / droop (mid is original)

(3) HEXMB ] 5L 2 LAY

Nl 2-6 P, WRCR A B P SO BRI T AT AR, AMEZA AR
KA CRL— [ A, S HEK R AR, RARTIERS B2 A AR A A o

0.04

--- Optimal
— Initial

0.02

-0.02

-0.04

0.04

----- Optimal
—— Initial

B 2-6 ¥ —thisd] aA )
Fig.2-6 Motion of single group of control points

8

-0.08

-0.06

—-0.04

W (2.7) AR, B IS RO 1 A bR 2 RS B2, DR R] DR
Ha B shiE ] S SEM 2R TE . Wi 2-7 fos, SR BT AR5

[ A N7 % B0 P ) o BRIV R SERDURR T R 2 AR AL AR TR

==~ Optimal
— Initial

/1

v i
4 ]
4 i
ol
rf

4
4 T
’ s i
fr N/
Y L
3 r

B 2-7 4 Xegd=% 84530
Fig.2-7 Motion of two groups of control points
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Ao 3N =X A7
2.3 IKEN I BB 53k

KB FIVEREVHAL U5 V2 (RS FE AN R = ELa LA 4 R i) n] SR A At
BEREMIRCR, FEORIUERG BE AT SE A HTBE 1 A6 e RO PR RE VPG SR A A5 72 St

2.3.1 Neumann-Michell I#i$

Neumann-Michell (NM) FEi£ /2 f1 Francis Noblesse 252~ # 7€ Neumann-Kelvin
(NKD BIR LA 32 H e SRS 70, B 25 1 NK B TR B e AL B
TR K R AR 3 T, 4 A BT B A O EE R AR K &R LA R AR 73, i3
TEYH N 25 7] 22 SCHR[95] - %7 V2 AT DU PEAG A AR RE 7, A5 5 Fofth =kl 252 BHL il
WOTEM L FEA R, FRH AT, 2 LA e MR S PR oK

ASCRA T R H EFFR AT NM EE B sR A2 NMShip-SITURS, %3k
fR AR R SEME DR B MIIE o B IR R 2% D63k B A1 B AT Bk, i bk
1957-ITTC Azt 515 B BE B I JE A = fE 77, B R 58 H & ot S T
A I 2 B Ak T

2.3.2 RANS 753%

T VAR AR A B B 7t RE AN AR S BT, AN SO R IR B =K
(13K 4% naoe-FOAM-SITURSIHEAT AR TR . 23R Al 25 7T LA THUAR A AR 1 25 ol
IKENJIVERE, HF HLBELS HORE AU IR AR AT, S0 TT SV RO 14 7R R 22 A 57 Hp 00101
BRI 1% R T E SR A AT E RANS 572, 7K H VOF J7iZ 32 H i .

naoe-FOAM-SJTU
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BT axzfﬁ Rk
HREFE EBMK WIEER 18 ﬁ i R ﬁ

TH
ﬁii
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& 2-8 naoe-FOAM-SJTU K ## %5
Fig.2-8 Framework of naoe-FOAM-SJTU
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B E R MBI K R 305 8 T BT /K ZR TN AR 5 52 AR Tk, B
TR T H HER R, ATRESRME B, M A E SRS s
RKFEAR, X TARHAE KM, JCHR LM A M B AR 0T B H T 5200 AN K )
THHLT, BERE K KA, X Re RSB TH R R FE A T SRS 71, %0y
K F pimpleDyMFoam K fif 28 #E47 SR il .

2.4 RILEE

AR MR I IS, R RS IER SRS S AR QB . A SOR 2
TRV R K R SEE, B H AR % HIL(GA M 2 HARB & HIL(NSGA-ID .

241 BEREEEZX

WAL S — RN B AR S E Y B R R BN R, SEVERA T H
SRIG PN AR AL AL, AR RS (B2-9) Wik

OEMAMAETES, ZFFR B AR EAT RS e IR PR, 1A
[FIAMARIE AT < BE A, BRSNS B — S

QP MR AR RIE, A IR MR 2 AR A REUR T — €
(I, 1 E A 10 A3 L R K

PRI R
L

[ it

i L 75 i
#21k
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e

]
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|
i

[ mummiw

B 2-9 #AEHELRRAZ
Fig.2-9 Flow chart of Genetic Algorithm
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O AR HE T HIT A NME 1% LPIEAT IR IL, SN EOBOR, itk
REASDL TS (1A 45128 7 I O B B ER OBROR, i AR AR 5 IR T B

@R B 1 SRR HZ B2 58 R ANAR S R AT S AC A i 5842, IF:
FAAEAFESCH AR, BIORFFRIE AR AL, TR E QO @HAF;

Oz H TUAEZ )G, MR AR IS S B A«

B E AR AR SRR e B e SR T D I, A AR IR RE AT RGR I 4: R
PLAEE,

242 ZEMZEEE

HHE A HirR s, TR B AR U, XL T AT
M4 2 BN, HARZ AR, R B — AN a B AR
Wrigft. Bk, 2 HARBHSERZ: fEAIMER — N iR ZR AR T, 20
R —NEARE, XFUEEYARN Pareto 4k, T2 HirtRA AL @, 85 A7
E—MEEE, Frrg X rEREAHMA Pareto LI BIRHL, XPESERRE
Pareto FfILfi4E (Pareto optimal Soluitons).

NSGA KR AESCEL Y ET7v%, Al RE SEAL MR BERIME A E s &M
JiE 3 S MG AT 77 1B A A 1 I B T LS. (H 2 NSGA IfEE SR = A
JEHREE . THREERERE . NSGA-II 5l TR SEsREE, Jih RAARAME B R A7
FFACREE, Bkl RAMER RRSBEEIEER TR 546, RARPELER
S RVTAl A J Bl R REAA 55 B2, 3 [ s AR 4 A S Ik /e AR 45 B g B o A A
s, AEREDESRBE I 25 A N ORIE 7 AR 2 8. PR, NSGA-II BN T H i
AT ATEE 2 H bRigtE Bk

NSGA-11 F27 (AT St L2 MR, 245 53R AR 7 A8 A 2GR X Pareto RTVATY.

2.5 IR

H T BUEAR D R R ZERE RIS, IR 5N GRAIE— R B Y
E/ o NPT PNU /R R ey & SO SR WA AL B

2.5.1 it A%

AR TR — PR G T S 1) A B W et IR R, AERAIE
FEAREARG LRI RIS, PR BB T R As . 18] 2-10 o 13950 0 A ili6 5t
vy BN T ALy s B AR R TR S e it WTBVE . AR T
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N AR T AR SIPERTIE S VE AR SE AL TS, e & BRSO UL DR (A s
FFIRTHL AR (AL RE 7. PR, ASSORER AL T 88 3L 5 i s v 75

X2 X2 X2
: @ ! rymmLan Lo Fmm
¢ ¢
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ot ¢
@ @ @— X1 ' ’5—» X1 | ’ @ > X1
(a) 3-level orthogonal array (b) Random Latin hypercube (c) Optimal Latin hypercube

B 2-10 RERISEH 7 ika939 H B
Fig.2-10 Comparison of different types of experimental design

2.5.2 Kriging 1L {1& Y

Kriging 3 VB4R g Hb R 2 0 1 B 8, f5) 3 B i) TSR 450K, 1
% 5 R SRIB W T & /NATR . S A AR e e, XA B
HUEBEAT TR b — R 771, BB a] DL R R F «
y(x) = f(x)+z(x) (2.9
R,y R IIAME S, f(X) R DEFEELREG 2(x) 2 — MR
EESNELENE R, EEN 0, HENC?, MTEIEEHE LT
Covfz(x), 2(x;)1=o’R[R(x, x;)] (1<i,j<n) (2.10)
Kb, R —— A S
R(X, X, ) —— T2 T AVREAS 55 %, A1 X, 22 [ BRI 5 R 8. S S SR 2 A A
PERRKL, 5 SF

R(xi,xj):l_v[exp(—ﬁk‘xik—xkj‘z) (2.1
k=1
A, ng — BB RN
| X = X3 | ——E A 1 3 X B8 AR A B

O ——HRMERE, VIR 2 R A
FH SR BR B0 52 LU 5 P AR R U X ) AR HEAT Al 3, A THE §(X)
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RS I R A 2E A S
ESEE NN
§(X)=B+r" ()R (y—Fp) (2.12)
e, N ——REA AL
Y —— N A B AR A 2 R
F—— N B, 2 F (x) A O IR A A 2 1) 1) i
F(X)——n, 4E5 B, Fem UL A XRG4 27
M, FREAIF
" (x)=[R(x%).R(x%). R(x.x, )| (2.13)
F(x) B — AR A FAbi I B 2550

B=(F'R'F)F'RY (214)

X, X" ) 2 10 (R 56

LRI AL [ 4 Ja i 3 B ADREAS s 2 Y 2 TRV 7 2 A i 62 T AR AR A
s2 - Y-FB) R (y-Fp)

(2.15
nS
WAL RL 455 78 AR B O BB R ABUARAt Tt 09
rg:ag«l)(@) . In(&22)+ln|R| (2.16)

barh 620 R O, (R B AR — 2 O FBXT RL— S ME— [ UL,
EIESRAE (2.16) ARIATHE R AL A Kriging JE AU .
AT B ERFE PRI TR, A SO AN F B R B AT T, 0 — AR 2t ey
Hy=(30+xsinx)(@d+e™) (K 2-11), LFERY] Kriging HAEA KA LR
VIR

2.6 INE /4

AREESREAE H RPN OPTShip-SITU AR ZE AR IEAT T
TTEA N, FEXSA SRl I — L8 07yR T TGN A, e s TR s .
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Fig.2-11 Original function and Kriging model
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F=TF PEHEMEIMK
31535

Xt AR MR U, BRI B TR T 5 By, EAELHRRAT T,
IR R T AR A A IR E ARV 2 A, DRI RS B AR M BRI o Bl
TR MEE RN AR, JCHRER S, RERIN AR A R XT38, AT
RIEHIRS IR Sy, BB RS 25 R

M X B, e BASR EERRE TR, v T RAEA R A K A
SHIAEENE, AT AT KCS R AT BT R 2 BUALAL .

3.2 LAk R iEIAR

KCS &2 55§ [E AIH -5 WP TR 78 BT (KRISO) 11 11— % 3600TEU £ 6%,
H AT S E bRRL, MR 3 BRI S B R 3-1, HALRZ R LA 3-1,

e

K 3-1 KCS A =&/
Fig.3-1 KCS model

k 3-1KCS B EREZF %
Table 3-1 Hull data of KCS

i H (SRs) FLAL S TR
ESALIRS Lep m 230 7.2786
K&K Lwe m 2325 7.3577
55 B m 322 1.0190
77K T m 10.8 0.3418
TiTE R H Cs — 0.6505 0.6505
KA v m? 52030 1.6490
TE IR A Sw m? 9424 9.4379
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3.3 MR E RV AT SE M TG IE

FEBHT KCS AL 2 AT, BESERA 2.2 TAARIEET NM BG 1= 80uKEh
JIMERE R fif#E NMShip-SIJTU % KCS [1IFH /747 PEAd, & FH /2R H NMShip-SJTU
SKAR DL F15 1957-ITTC 456 /8 T 545 21 (1) BESEBE Sy R A o7 205, 4R
Ja GEANRIG 25 AT X, DURIE KCS M RE PRl AT S5 1%

3.3.1 it E X & Mg x4

NMShip-SITU 3R fif i 75 2255 7K I 5 73 M 1A 2% 10 A B A 34T Bk, KCS i
KIMRH KL 12200 N =ML R ITHATEEL, MigMEWE 3-3 P, Hdgrxt
B R A AT IE 4 N o H BTSRRI -Lgp < X <4 Lpp, 0<Y <15
Lop (REAARFR MG 0 < X < Lpp)s RAEEGTE, MEARFIT — @ Y0 R A 7 iE Y
I, PRI 3-2 Fs .

TERALIEFE R, MR R T 24k, (LA ISR A, fE—
LYRACAE T RS R B AN AR, b AT (R I 5 A AR 2 F P B PR AL R F 48— ) hm
s WIS BT S 22 S as SR B v R i e

iuFam e |

B 3-2 ad@itHs AR
Fig.3-2 Free surface grid

B 3-3 KT AEkkamAg&HE
Fig.3-3 Underwater hull surface grid
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3.32 HETTEERAREIA N IEIE

Xt KCS FEA RIS e B A3 AT g, JF S alla ol Rt rxtte, SR
e Cedzdn A5

Ctz‘—Jiir' (3.1
0.5pV°S

Hr Rt YEBEA, p AZKHIZEEEL 999.5 kg/m®, V AT, S AMLE
FoK IR AR, B ANKEREEE v B 1.27e-6 m¥/s, 7N E g B 9.81 m/s?,
BRI E R B

KCS &P A HUE 545 B 500 45 Bont thinge 3-2, 1 3-4 Fis. MR AT
DAE H, SRR ) SRR 45 R ek B A RAF, Wi Fr =
0.26 MW 1X 1.316%, /& 5 HAhE R B Pk B IR AR R, H2H
PEAS R &, 2 DU MR AR SERR TR SR . TR ITTC &40 A Sk
PEBE 330 3 AT RALA. , AR — R I mZE, (HRERA RS, BRmAM AR
R ZVRAEAR NS Rl N, BERRFE T R AR AR, T HL A S A ARG e R 7 o5
PERRAR,  SEBER AT 263 B ) b7 EE R I s R, X A el Ak 3 2 4 3
() (=R WL, AR AR 77 R B RE 7 oy S AR A AT T B At LSS R £
T EENED .

<] 3-5 /& KCS Ml = (Fr = 0.26) HUE TR &5 R 5 BIALRIR &5 R LA
MEIHRTTDUE H, BE TR 4R B A E 5SREBEV A R, JRAMEMRELRA
%, B 3-6 4 KCS M A,

* 3-2 KCS 5% %[0 77 Al H 42 R X8 Rk
Table 3-2 Comparison of total resistance between NM+ITTC and Exp.

Fr Vv Re Ct(103) Rt(N) BH iR
(m/s) (108 NM+ITTC Exp. NM+ITTC EXp. (%)
0.108 0.915 5.23 3.815 3.796 15.066 14.990 0.509
0.152 1.281 7.33 3.704 3.641 28.670 28.180 1.739
0.195 1.647 942 3.693 3.475 47.251 44.460 6.277
0.227 1.922 11.0 3.732 3.467 65.030 60.407 7.653
0.260 2.196 12.6 3.760 3.711 85.519 84.408 1.316

0.282 2379 136 4.766 4501 127.228 120.101 5.890
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Rt(N)

B 3-4 KCS B2 & [ ) A5 H 45 R HiXI 4 R k&
Fig.3-4 Comparison of total resistance between NM+ITTC and Exp.

0.015

ZLpp

& 3-5 KCS #sfa & it H 2 R 5k Rbs (Fr=0.26)
Fig.3-5 Comparison of wave height along hull between NM and Exp. (Fr = 0.26)

K 3-6 KCS # M B (Fr=0.26)
Fig.3-6 Wave pattern of KCS (Fr = 0.26)
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ML EBE TR AR 5l 2 R A EEBER B, NM BT E R —E RIS,
AE LU A MR ) SRR R SR o 125V EAT — IRFE A PPA AL R B o B, REXT AL
LA AP IR A A R A BEL D P REEAT PR TR . (AL, AEAS IR A A R i 5K
(BT EBEAT B A PP A2 T 58 HL 2

3.4 KCS Bl Btk
ek KCS BiAR/E AL AL IR, ikl 3-7 Fir.

B 3-7 KCS ATAR & AL X 3,
Fig.3-7 Hull modification area

3.4.1 iAkia) A E X

(1) HAnEREL

FH T A A U AR B A 2 i R I AR R A A, BRI R DL g N (Fr =
0.26) ¥ B 7y e /N AR S BE ) R B AME A B bR H4h, R R,
P BH I AT H— AR EE . B AR T

F=R /R, (3.2)

X, ROAEMMAEREIE S, Ro NERLEIE S,
(2) JUfa] FE A I 15 e BT AR B e HY

KCS A4 J L] B4 R FH B R S AL A0 R S A 45 6 (W 702, AR MR F P S
%, JRIBEMRA FFD Jik. “PRIEEH —ANERE SR EOT KCS 5 T 1 #1
2R iEAT B, HA B xir=-0.06, Xx2r=0.5 (BEGEFEIN-0.06 ~0.5), o JEIR
BRI BRMED o2 (ABRD AP E . FFD 7R 3 A Lattice X
AR X S AT TLAAT B A o

Latticel K FH 2H 7 = It il wii 26 U L3 A 0 7 1) % 0 1) s o ke g 1 )
AR, Latticel F3E FEIR /N R4zl sy Ml 3-8 a) Fivn, B4 fafz)iz
il A K 2R BT T AR AR AL, W 8% B4 i) s 45 ) A S B A R TR AR A, E8
B AT R ] 3-8 0D 3-8¢) Fiam. MK 3-8b) Hinf LU BIZK £k L A
sk, WAL R NG, BRI ARV B0 T 3-8 ¢) HiK
LRI RIS N 4, AT B A B R AN aR, BRI IRE U B . 244K,
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NPANERE, R YL OIEERD) A Y2 (KZR).

Lattice2 F1 Lattice3 FRIEHIBR &M IR . 1118 3-9 @) iz, Lattice2 & HX
PRV TT 0] 7 3 (1) 4 1) s R o) BR S i (1) R ARG BE R (8 4D AN UTRE
B (A Sz, HHEBIESHIE R R X1, X2; Al IEI—HIFnzK
J7 R B s ] SRR ER S A, W 3-9b) B, K H RS EAE AR
R Z1. Lattice3 1EH— IR L7 M) A% B 145 ) ORI BB SAE 1) 55 B, A
3-9¢) Fimn, ¥MHBHEME NG ITEE Y3, WEF LR, B r s 5]
AR B b 42 1) R S 7 25 7 1) B B TR AR A

RUPARACTEIRI 8 N THAR R, SNBSS I EUE Y FLLE 3-3.
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b e oy “ey Te
et ] ._.' -53 TU
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® Tce s A ®
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| 2P

a) Latticel & B X/ A =4 &5 70
a) Latticel and control points

0.04 ~=- Modified 0.04 —=- Modified

— Initial — Initial

0.02 0.02

0.00 0.00

-0.02 -0.02

-0.04 ~0.04
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b) H&l&mirev A F A c) Ba@miEeU AT
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P 3-8 Latticel 4= #1453 & 5 &
Fig.3-8 Latticel modify section shape
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a) HIAM K, Lk b) B EE, T O RMEMEI, T
a) Bow lengthen / shorten b) Bow raise / droop c) Bow plump/thin

F 3-9 Lattice2 #= Lattice3 #=#| K A AE MK (LHAHRA, FTFTATA)
Fig.3-9 Lattice2 & Lattice3 modify bow shape (Up original, Mid & Down modified)

(3) LR &1F

EJUMEARE RS, Tl — e AR EME, BiEAG bR R =4 .
AR KCS BRI ACATAE 3R BE Lpps BT B E A, HAHK & A T %,
MR AR AR T 20.5%.

(4) s

ISR U S SR (R L IR T B AR S5 1) i, R Y BB AR R A
(BT 558 BRI RE Fhont A MR R B 1Pl e AR A E i At T 05 il i
THNEAE R TH AL B VI B N 25 SJ X 80 MREAS il (REAS i BT AR A AT 17— LAt
B, AR (R A AV IS Ve A UL IS 3-100, FFRFELFHY ) 80 A
PR ) BB AT BUE TR, DAREAS AN B D (B M 2 Krriging S MR, 2%
KH R H b2 R 5L (GA) KIEEBRATAL, L RS HUILE 3-3.
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Fig.3-10 OLHD experimental design
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& 3-10 OLHD X35 % 7t

* 3-3 KCS AT & A AL 8] AR 9 2 L
Table 3-3 Definition of the optimization problem

L

15 H

Fr=0.26

Rt/ Rto

F=

B
Bt

o1f

FRVERE

[-0.01, 0.01]
[0.3, 0.4]

FRAEAT

fitt

of

=N
==N

[y M3

37
H

[-0.05, 0.05]

Y1

IKER y IR

[-0.02, 0.02]

Y2

BRAER H x M3
ERAEIUIRE x [R50 &

BRNE z s sh R

[-0.05, 0.1]

X1

[-0.05, 0.05]

X2

[-0.05, 0.05]

Z1

ERAE y A2 B

[-0.004, 0.004]
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Table 3-3 Definition of the optimization problem (continued)

T H 5T X ik
LR KM

FRE [#i] 7 A Lpp,B, T
Y A AT H % HEK AR
St YA L 40.5% BRI
AR

[ECTavany OLHS FEAL 80
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Fig.3-11 Convergence of objective function
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Fig.3-12 Convergence of design variables
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Table 3-4 Optimal solution

olaf oi2f Y1 Y2 X1 Z1 Y3 F v Swet

-0.01 03475  0.05 -0.02  0.0867 0.0455 0.004 0.953 -0.692% 0.233%

0.04 1 ——- Optimal
—— Initial

0.02 1

0.00

—0.021

—0.04 1

—0.08 —0.06 —0.04 —0.02 0.00 0.02 0.04 0.06 0.08

--- Optimal
0.05 — Initial
0.00 {
—0.051
—-0.10
-0.6 -0.4 —-0.2 0.0 0.2 0.4 0.6

K 3-13 A7 £ 5 R4 77 F R &3TIE
Fig.3-13 Comparison of hull form lines between original and optimal design

WAL R KR, AT RABHIEN 4.7%, HEKAEFE 0.69%, R
BN 0.23%, RACKCREIE, HHAZKAERARER MR AELRTEE N . &I
T R EGTT RS e 3-13 P, MBI AR B T G H, itk
U5 RAEIKEL M A AR AL L il Ak, R A2k A i, 458 B ARAR AL 1T 4%,
AT NB B M2 A4, AR, MRS T vy, BREE
R EAN, HMEERE, A Elppass, R REAR N, 5K o2t
B, ANt SEAE, fi B (R 2 BRAE TR A T A4 X 87 A A T30
Ml N P45 BEL A o

(2) AT NM BHiE &5 8T
KH NM BUE Bt 7 AT vRAs, B RILER 3-5, Hrp Xy iH 7
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871N 19.281%, SLBH 77 98/)N 4.4961%, HEZK & ik 0.6974%, 123 [ A3 i 0.2532%,
55 LI AR R Sy Bl SR A 00 B A B AR R B — B0 T BHAE DA 7 SR FH A AL
R BUE T7 AT VERE VR AL 2 FTEE 1) .

3-14. 3-15. 3-16 Zpralgsth 7R ZANRAL T ZHIBIERT L AR TH
& J70F LEA AN monk b, B AT DL S AGA T SR A Sl BB D08 B SR /),
HBARRLETRS, VRS TT 1) oA B I A, R B DX ek

i N T e VAT

% 3-5 AT £ NM Ak
Table 3-5 NM certification of optimal design

L GRIES e BAEH 5
Fr 0.26 0.26 —
Ruw(N) 19.942 16.097 -19.281%
Ri(N) 85.519 81.674 -4.4961%
v(m?) 1.6490 1.6375 -0.6974%
Swer(IM?) 9.4379 9.4618 0.2532%

B 3-14 HhALT R 5 R 77 F It b
Fig.3-14 Comparison of wave pattern between original and optimal design

Original ([ N N N R N

Pressure: 4000 -317.1 2342 1512 -68.3 146 O75 1804 2833 3462 4202 5121 5850

Optimal

Pressure: -400.0 -317.1 -2342 1512 -68.3 146 075 1804 2833 3462 420.2 5121 505.0

K 3-15 AL £ 584677 K5 7 3F b
Fig.3-15 Comparison of pressure between original and optimal design
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0of4
ootz
oot
coos
0.008

§ 0.004
x 0002
a

-0.0o2
-0.004
-0.006
-0.008

| |
Original

B 3-16 HhALT &5 R4 77 FABM I = 2 bt
Fig.3-16 Comparison of wave height along hull between original and optimal design
(3) Pifb 77 % RANS BaHE K 43 4

KM RANS HUE TR TT SEBEAT VMG, BHASS R IR 3-6, o sFH )
I/ 16.421%, RIS 4.033%, BEFREH 7 AR Rl i DR e 2 T AR ) A2 4L
SIEER . % 3-7 thgath 7 RANS THELEFH )5 NM+ITTC H5L S B 2 15381k,
A LUE B ZEARWARDN, A ESBETIR 0.44%, 2 i AL HE/K & AN AR T AR AE
L)RGFATTS , REPERE 3 B A R AR RARA, S BH ) f 5 A AR R T 0%
WP IIpesy,  PRIER S NM U 7 VR AT BE 1 PP 2 AT SER

* 3-6 A7 % RANS Ik
Table 3-6 RANS verification of optimal design

YIS et 7 % BHE
Fr 0.26 0.26 —
Rp(N) 22.35 18.68 -16.421%
R#(N) 63.69 63.89 0.314%
R«(N) 86.04 82.57 -4.033%
v(m?3) 1.6490 1.6375 -0.6974%
Swet(M?) 9.4379 9.4618 0.2532%
% 3-7NM #= RANS ¥[8 7 £ 486 T ik
Table 3-7 Variation of R; of RANS minus R; of NM
NM+ITTC RANS RANS-(NM+ITTC)  2Z{4A5{k & L
JE R 75 2R BH T (ND 85.52 86.04 0.52 —
PRALTT BT (ND 81.67 82.57 0.90 0.44%
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RANS ${E 75 i H BRI B M e B 5 iR e 285 SR 0T L LI 3-17, 3-18.
Kl 3-19, 3-20, 3-21, 3-22 Zpal4ath TR 77 RAMEATT RETBIEXTEE . MR
T R 77506 By W% v kot LA DI L, AR AR 35 0R NM S0 5 745 3 — 30
H & naoe-FOAM-SITU K28 B SRS AR g 5 i, R by b2 A A,
E AR T a2 — 8, XA s Ah 45 S0 IR SR A

R4 RANS J77v%4s H BIRS Aim it A7 7oA &5 SRR I03E mons L ATEIE A B AT
DB, A RS BARNI AT RS, FEEJG 7 SR 5 45E WU LRI Y
STELAT LR, 7E X/ Lpp = 0.2 ~ 0.8 BN 2 18], JR UG5 RAH — K% TH T
MR AT BRI, USRS S IS, T
FEAE TR TP, SR AR DGR RS, A2 1 s e XK s X 35098070

f 4 1 o ,J R
/ PR c K
J . ) S ) W

3 ”“.r',,‘]"' ?("]
= ; Wi

E ’_,/I“/‘I {1
IR

R

B 3-17 RANS #+ H- 1 HiX3e 2 2Tk
Fig.3-17 Comparison of wave pattern between RANS and Exp.

0.0156

0.01

0.005

Z/Lpp

-0.008

-0.01
X/Lpp

B 3-18 RANS it H A5 Mk 2 5 iX 3o 2 R 3t bk
Fig.3-18 Comparison of wave height along hull between RANS and Exp.
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B 3-19 AL £ 5 R4E 77 Fa Mtk
Fig.3-19 Comparison of wave pattern between original and optimal design

orig‘inal p_rgh(Pa} -400 15125 97.50 " ”‘ﬁelzl’s 595

op[ima] p_rgh(Pa} -400 -15125 9750 " ”zlxﬁ;;s 595

B 3-20 #hALTT &5 Rds 7 KR ) A Atk
Fig.3-20 Comparison of pressure between original and optimal design
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o.oc8

0008 [-- - -
0004

Zpp
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°

Q002
Qo004

-0 008

<0.008

Xlpp

B 3-21 fALT Kb R4 77 F A B 0 vt
Fig.3-21 Comparison of wave height along hull between original and optimal design

0008

| | | |
original |L _ 1L _ 1 _ 1 _ _1_ _

| | | |

| | |
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|
|
r
|
=
|
|
I

!
1 12 14 16 186 2

xipp
a) Comparison of wave cut (Y / Lpp = 0.0823)
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0.006
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oooB L -4 -2 -
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| | |

1 | |
original (L _ L _ 1 _ - 1 _
1 | |
1 I |

0.004

0.002

HiLpp

-0.002

-0.004

Il 1 1 1 1 Il 1 1 1 Il Il 1
0082702z © 02 04 06 08 1 12 14 16 18 2
Xipp

b) ki (Y /Ly =0.1509)
b> Comparison of wave cut (Y / Ly = 0.1509)

0.008

| | |

0006+ -+ -4~ 4 ]
1 1 1 optimal
| | |

| | | |
original |L _ L _ 1 _ 1_ _I__

| | | |

| | | |

0.004
o 0002
o
2
T 0
0002

-0.004

-0.006 —

|
02 04 06 08
XiLpp

c) Embs (Y /Ly =0.2196)
¢) Comparison of wave cut (Y / Lp, = 0.2196)

B 3-22 AT E 5 RIS T K 3T
Fig.3-22 Comparison of wave cut between original and optimal design

3.5 RE/NLE

AT DA EE AT KCS AR R, K FRIEM FFD 77770 milkt KCS Hiffg
BEAT SRR L SR, PAH®E (Fr = 0.26) FHIBHI N HAR, K NM
BUE 7 EVEASBE T, FHR 3 Kriging SRS AR HUE T xR A i A2 o B A
REZS AT BH D VPAl, I8 A R R R B L R OR B I LA AL, &3d— R RE
MR LR 45

(1) MR T REUE T RS ROk E, SRR R, Xk 7 %0
WD 16%, S SIZ D 4%, TR AR K Wt thkE S e
ARG RS IS, IIT=2E T AR, AR B BRI
FiF A 2 T s e DX AEG R X 3800k /0N o o v T MG S0 2 DR M i BEL D s AR O, st
R ER LB AL,  REHUAS BH B AR BE 28R

(2) R NM FUE 7R T AT VAL, 15 2000 B ) B iR 5 2 T
Kriging 1T LU 2L Y 163 4% SRR USSR H bk BB EUE T LA SE, BRIE T Kriging Ul
BRI AT SR, 150 B R T A AR AR R BRI AT A e 5 v 0 5 10 e 52 R A o B ok
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ARETATH .

(3) 2K RANS B 7500 B BRI AL 2 (1) S BEL 3347 PEAS 11345 2111
SBEATS NM BUE 720 E A RIS B Z A, e HPK 2 AR R
AR REAT T, AEVERE A o BEAR AR, G B RN L4k B T %
BHITRE53, Bk 7 NM EfE 7732 T b snd A BE 7 M s A Ak B AT S 42k

(4) RANS $01H J5 ik it S 0 R 4G 77 ZAAL T BRI ST B SO0 %t b
MIRGAARZR I e b, B4R BT NM BUE 7R ] — 8, A2 naoe-FOAM-SJTU
RAGASRE RS AR MR 3 I, PRI E ESma AR, (2D AR T 5
), XIFAEm AL R AR A

(5) NM HETVEAE— & PC Lses— X P F & o0 8h, 1 RANS
TR BRI, B & 2 AN, R NM B 7
X TR A A AR A R B R
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BT RIEEAAREEML

41518

R AE K — B A LR AP AT R4, fEW R 260, BIERE. HK
BAERAMUSHALRRTEL T, HRRmARBASGIRRARN, KBS
HARRIFAR . 5l A F R, AR AL i EE 4 e BB g o 32
J% 5 BB T A ECAR /DN, DAL I e/ ¥ I8 BEL 7 1 5 2O AR A K R ok 5 19044
WA K o B LE TP i, ARG AL KRR s B0 o5 PO S vy, PO s BEL
JI ] g B A B A0 YR PH AR B

il s BEL 7 0 25 B R A R K 2 A AR IR el RS AN 1A s A R 3 B 3
P, AENRERIE R, M E G R AR DR . 5, R 0
A RIRA R R, NM S AT IR Bk B 224, PRt R se e A
WINEVHL A7, XA G RO R E R 0, L, AR AL KM Ty
TRBUE K, PAT AR, U] EE A A K, R IR A K A A 2R A A A 2
R AL AL M 5o

T3k, MR I RN PRI I AN RE 77, FEREVE BEX PRI K 5200 B
FEHE R, CHRAME, MRELE R R, 2GR R AN S, FEmiR e
HOHERER

BEXT DL IS (e, A FRe T SR IR AL KM IBC Attt AT e AL AL AL .

4.2 AL gk

JBC 2 HAEZFE MR (NMRD), R E 7 K D% H A& AR50 e
(SRC) BAE i) — R BRI B R A, H BT S E b, IR AL S8
W3R 4-1, HEARER K 4-1.

b —

K 4-1JBC #5iE T & B
Fig.4-1 JBC model
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% 4-1BC I REEE X
Table 4-1 Hull data of JBC

T H 755 FLAL S8l it
TR Lep m 280 7
IKE K Lwi m 285 7.125
A B m 45 1.125
Iz 7K T m 16.5 0.4125
TiTEFRH Cs — 0.8580 0.8580
HEAK AR v m3 178369.9 2.787
YRR Sw m? 19556.1 12.22

4.3 MBI B TSR MR

TR AL A, NM BUE 7 VEAFRER, 5B EUE Tk U R
BH IR 4k, BRI A Bk DURG R 7 V2 E O M ReVPAL F B . fEEAT &R AR AL 2 AT,
B R 22 WAERET RANS 757 I K 0 K 30 1 v g SR R 28
naoe-FOAM-SJTU %t IJBC KK FH /y @i T HUERN, FF 55855 RdAT X, A
TRIE IBC T REVPAR 1 AT HEME

4.3.1 I E XI5 & Mg 43

HEIR KN N - Lpp <X <35 Lpp, 0<Y<15Lpp, -Lpp<Z<0.5Lpy (HHAH
I -0.5 Lpp < X < 0.5 Lpp), PIKERIZr Boin s it il 4-2 flras o b ik b
T — € YO LA B S AT INEE BT BREAT %) PR A R AT IS, 5y A AR R At
BEATIE G INE, AEACRIESE — Z MR R RS y+#fE (404 400, THE XM
B HIC BB h 150 J7 CRAEEHERD .

AL RE S, U SR A AR R A AR AL, (B L XS $h 0 45 1) N DR R
AN, ARUEAS R B 5 ZE 3647 B0 TR B B SR P R T S A SR AR AR TR, DAYRZD
TR 22 S R BB T SR
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AT R A A S

B 4-2 3 H IS RAE K] 5 B
Fig.4-2 Grid partition and refinement

4.3.2 HEWEERAREIXIOIIE

X} IBC MVBELE Fr = 0.142 (1A FH /137 BUETH A, I 503645 R AT X L,
SUBE A R Ct i R AR5

Ct =L2 (41)
0.5pV?S

Hrb Rt BT, p /KK EEEL 998.2 kg/m®, V AFERGEE N 1.179 mis, SN
I RSLE K R VB R TR, A AMKIREE v B 1.107e-6 m?/s, E/hEE g B
9.80m/s?, 55X ERFF—EL.

JBC RSB HUE T 45 R 5 R I 45 Rt Lhinsk 4-2 Fon. WRFATLLE H,
BB LS AR BN, UAHZE 0.504%. & 4-3 5 IBC R il 7 (&1 5 A R iR s 4%
Rxrtt, MEFRRTRUEH, BETHEREE SRS R A —8, WERL. E
4-4, 4-5, 4-6 435l IBC MBS I fir =) (X / Lep= 0.9625, X / Lpp=
0.9843, X/ Lep=1) HJJCIRE % 1) ik B2 oy A HE THE 45 R 5ikIe 45 Xt b, wr e
BREHEUTEER SRS R E R, JUHRZHR I .
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AT R A A S

M IBC BERRRHE T3+ MU A e 2245k T B T PR R A il e ok P RO T B 45 R S
G 45 R ELBER T, AL B R B BB T S5 A B R

% 4-2)BC 4L 5.1 /) # A8 T H 48 R 5iX IR 4 R bk
Table 4-2 Comparison of total resistance between RANS and Exp.

Fr v Re RANS Exp. R
(mis) (109 ~ Ro(N)  R(N)  R(N) C(109) C(109)

0.142 1.179 7.46 10.24 26.59 36.83 4.267 4289  -0.504%

!
x N gyt @
CFS %

B 4-3 IBC A5A%L % B 5 AKX I 48 R A
Fig.4-3 Comparison of wave pattern between CFD and Exp.

U_EFD /NMRI

 4-4 JBC ABAE T H K 4 8y 18 B 5 AR AR X Be 2 Rk (X Lyp = 0.9625)
Fig.4-4 Comparison of u/U between CFD and Exp. (X / Lep = 0.9625)
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U_EFD /NMRI

—0.06:— M%Aﬁomﬁwl’g‘m)%ﬁ.
Loy T
-0.03 -0.02 -0.01 o] 0.01 002 0.03
Y/L

PP

B 4-5 JBC ABA%E K B oK 4h ) 1 4 A BB L B A ALK I 25 R k&L (X[ Lpp = 0.9843)
Fig.4-5 Comparison of u/U between CFD and Exp. (X / Lpp = 0.9843)
U_EFD /NMRI

-0.02|

g |
= 003
-0.04
-0.05

: 6
R D e

N TR W D thar I AN
-0.03 -0.02 -0.01 0 0.01 002 0.03
PP

B 4-6 JBC ABAE A B K #h &) ik B oA ST H SR A KRB R k& (X Lyp=1)
Fig.4-6 Comparison of u/U between CFD and Exp. (X / Lpp=1)

4.4 JBC fEERLL B IL Y=

BT JBC B TR KM, A REER, PATHMEA, Fib3EX IBC #E
REERIEAT JUAT BB o AS B S $% IBC FEEBIE N TLAL I X8, &l 4-7 Flis .

A
|
L

B 4-7 JBC Aa 3R & A ARAL X 3%
Fig.4-7 Hull modification area
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(1) HirR%L

LB T (Fr=0.142) Bl MEtE Bbs, HFRERET:

F=R /R, (4.2)

X, ROVEMMAM SIS, Ro NEBEFH .
(2) JUATEE A J5 15 e it A8 mE i Y

K5 KCS AR B R B ik (FEIL 3.4.1 749), AR FEIR .
HRZ BT IBC J& THERMA, T5E REECR, AT IRE, BIRAU RS
BT GHIRE.

FREZSHL x1r= 0.3, Xor=0.53 (BEGEEN 0.3 ~0.53), aur UBAIRE B EREL
TR o2t (ABIRED IERN 2 MR

FFD 77345k A 3 4> Lattice XFAS[F] X $8032E4T J LA F 44, {H Lattice )oK /NE
RS Eh P H s R B T M AT (& 4-8. 1K 4-9), F5 B ERAE US98 5 17 A8 T
W, BT IBC BRAEE TAER, H—E W5 R 24Tk, Kt Lattice Yo H M i&
MK, HB i) AN IE MEERT, DURIES I X B LR e, A TR R
K] 4-10 fli7n. FFD 779535 5 Miih & &: Y1, Y2, X1, Z1, Y3.

bag

‘oq LIPS Tﬁn
L™ bl T“T
oy,

a) Latticel S K A &H &0 (YI&Y2)
a) Latticel and control points (Y1 & Y2)

0.04 ~—- Modified 0:04
— Initial
0.02 Pl 0.02
d T
" g
i e
i g
0.00 i 0.00
‘R
\ e
.7
-0.02 -0.02
1 /| 1’ 1
1 0ol
-0.04 Y -0.04
g o) )il il
yaysyans
-0.06 - - - -0.06
—0.08—0.06—0.04—0.02 0.00 0.02 0.04 0.06 0.08

-0.08-0.06-0.04-0.02 0.00 0.02 0.04 0.06 0.08

b) #3lwm eV A T AL c) & @iEU AT

b) Transformation into “V” section ¢) Transformation into “U” section

B 4-8 Latticel 4= %) 453 & 75 4k
Fig.4-8 Latticel modify section shape
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a) HEAMMK, 44 (XD b) afg L, FT& (Z1)
a) Bow lengthen / shorten (X1) b) Bow raise / droop (Z1)

B 4-9 Lattice2 #2# 3R BAEH K (EFZAHRA, P TAHLTA)
Fig.4-9 Lattice2 modify bow shape (Up original, Mid & Down modified)

a) IBAS S 77 @ AL B 4= ) R

a) Control points along x axis

b) BT c) HREATH
b) Bow thin ¢) Bow plump

B 4-10 Lattice3 KL A ahiss) SR FAA T AR
Fig.4-10 Lattice3 and control points (modify bow shape)
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(3) LKA R AAL S

AREAAGE R T 7RI BT VTR T AR B N 5T L 56 AMRE
A CER 2> et AR B TR 9 SO IEASVE 70 Al DL 4-11), JFF i Kriging I AU
B, RIWBAEFIER MR . QA FA L FIES WAL 4-3.

W e o
08 | Pl | e | | 0.3———'————'——i'——‘——‘——‘———‘r:——
07 :' ' ; .: : : .: : 07 : - . : : L : : °
| | | | | | le | | | | | ‘.
06 \ [ e A R B il A e
g o0s *_ 1 I | | | L . & os I . | [ SR
I . | | I | | * . o I I I I le
04 T T | mo | e 04 A I . Te | I T | *
| | | | | | | | | I | J *
o p " I [ I J 0377777:777777\77\77\'77\7:77
02 L } | [ } |- — 15 027747——:——+——\——\—.—+—.—\——5——
" I I I I I I [ [ e [
01 [ (R P i | o1 ol . [ | ®e [ |
O oT5Z o3 04 05 05 o7 95 05 1 OG5z 9% 64 05 06 07 05 09
alf Y1
I . b | | | 1 . ! L] | | | | t
09 T T | | T | o 09 5 T 1 * -
g b | 3 I I I [ . I . | | [ 1t
o} - 4 ST S R orf - 4 AV SO S
S e
5 05 L, I | el | * £ s I Ly - [ TR
[ | | | | | I, e | | *
04 T T 1 I T 04 T T I [ T I .
| e | | ol | L | Y | |
ol PR .| I I I I 03 e e C
02 ! } ] [Nt ] 02 } } = m s e
ol SR ERIEE G R EETET L EETET Y B
ST o s 07 05 96 o7 08 07 o : $7 o5 o4 05 o6 o7 oF 07 1
X1 Y3
A 4-11 OLHD X353t 30 5 38t T2 18939 S E XA
Fig.4-11 OLHD experimental design
* 4-3 IBC A8 30 & A EAL 9] R 64 2 S
Table 4-3 Definition of the optimization problem
i H E X H/IE
ERANE: F=Rt/Rt Fr=0.142
B E
Ol [-0.005, 0.005] R 2P FLIEN
- [03,0.4] TR A
Y1 [-0.02,0.02] &S y A% shE
Y2 [0.02, 0.02] Ky R E
X1 [-0.02, 0.02] BRAE x [ #25)) &
Z1 [-0.02, 0.02] BRNE z M shE
Y3 [-0.003, 0.003] Ay B E
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* 4-3JBC fa3f & AR AL AL 6y L (%)
Table 4-3 Definition of the optimization problem (continued)

T H E X H/IE
LR KA

FRE [t € A AR Lpp, B, T
\Y AL IS A% HEAK A
Swet A AN IS 40.5% BRI
Ptk %

[ECTavany OLHS FEA%L 56
PRI AY Kriging

(UREACRTS GA

UPE NN 60

&S 0.8

AR 2 % 0.2

BB AL 200

4.4.2 tRALLER RS Hh

BAE RIS 8 N AL BRI VPl R 24 /NS R AR
T3 F I 168 A~/ (7 KD

TEIEAR B 150 R, HANBHEECEEAR LIS, HEsRHCIER T i
ME . BARBREU LS A SO E A R R Sod AR an & 4-12 Fos, &
o7 TS N B AR Wit AR IS W& 4-4.

A4 RIRTE
Table 4-4 Optimal solution

olaf oi2f Y1 Y2 X1 Z1 Y3 F v Swet

-0.0031 0.38737 0.0139 -0.0191 0.0140 -0.0184 0.00053 0.995 0.036% 0.041%
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Fig.4-12 Convergence of objective function and design variables
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WAL G R L, Bt 7 R FEIEIR AN, AU/ 0.5%. S 7 %8 AL 2l
Kl 4-13 fiiin, /KERJB B M A5k, M, BRI R B R 3. XHE
W7 AT BUE T E IR UE, FHIT AB A LR 4-5, ZA IR (B 4-14), M
My m et be (B 4-15) AR R F3xd bl (B 4-16) R R an

O MBI SN =f LER T, MBS I IMEAN B, 5 R IO e K
A B PG, T HERSAGE T REK,  TELY AR T AR M= A B B A DT
P, T EAREE AR A 2 2 R S 1 B A R A 77 AR RS T, T2 8 B A
VE DA RS MR = A2, Tl s Bl R . Rk, @ i 2k B A s
NG RE T R R R HE Y o

@QMEFINTKRE, AT BRIE 05 577 R 2R, WA A &
TIBSEARUAK, BURGER A K. FEJF A2 IBC MBI AL T2, T
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Fig.4-13 Comparison of hull form lines between original and optimal design
k& 4-5 AT LA R T
Table 4-5 Variation of resistance
Ro(N) Ri(N) Ri(N)
JRUR TR 10.24 26.59 36.83
LS 10.02 26.62 36.64
H S125 1k, -2.148% 0.113% -0.516%
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Fig.4-14 Comparison of wave pattern between original and optimal design
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Fig.4-15 Comparison of wave height along hull between original and optimal design
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Fig.4-16 Comparison of wave pattern between original and optimal design
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Fig.4-17 Vortex isosurface of original design (Q = 20)
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Fig.4-18 Hull modification area

45.1 BFE 73RS IBC R AKATTE

T REFSICAR, ARSI B B (RS2 2/, DR R DGR B A7 7%
KIFAEEH AT . 3R 4-6 45 T SBIRT TS 8 5k ke H dr i vk R AR
T R EE, Fr e BE A A0 72 e 2 R 1 25 8 T N B Ry, R
BEL 77 22 S 32 R ol T AN 5 R R AR AR AL . AELY IR SR TR AR 2 Y 11
AR H BT AR, S L B I BRI E A AR, AR
BETTETEIG I E A A B A2 A3 E (FFER, ARtttk 7 A E 4
J7 SRR AR 73 B 3 B Je ARG B AT TSR i, DABSIE B i Al AT )
T B H PP — RS B/ ERAN 24 /NI R, BRI AT — IR VF
EALTT L) 4 /AN R TR KRR

k 4-6 BT E A h @it AR RS £
Table 4-6 Resistance increment considering free surface

Rp(N) Rf(N) Rt(N)
BT 8.673 25.86 34.53
T E 10.24 26.59 36.83
452 FH 1B BFrLL
(1) etk ) X
OISR 7R

PABCHHE & (Fr=0.142) KIS s/MEE bR, HAREEA T -
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F=R/R, (4.3)
X, ROAFEMMA N SBEES, Ro ARHEAT SRS .
@ J LAy A 7 3 J v AR g Y
JBC MR JLM AR A FFD 757k, SRAA A Wil s, /lja S =415 3)
BH, ANEI X BD. BEYE CY DL 12Kk (Z B =AN s, 3t 6
MR XL, Y1, Z1, X2, Y2, Z2, tif 4-19 fion, SANBHARR R EUE
L LK 4-7. 1X 6 ABEHSRAEGHFEE ZRMNEMME, ERCRIE
4-20 PR

B 4-19 FFD # #h 24 ARt L&
Fig.4-19 FFD control points and design

B 4-20 JBC #&3RJUTEH) (FFD 7 i)
Fig.4-20 JBC stern deformation (FFD)
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RUAMATEIE A AR T 77 150 BT 7 1 7E B A 5 31 By 9 SR BN 48 ¥
A R4V R A R S MEIE S M4 A0 W 4-21), JFRIEE Kriging I Bh
B, SR AL S SRR A o A0SR AR R BB A% SRR A S RO E LR 47,
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Fig.4-21 OLHD experimental design
% 4-7 JBC AR &AL F B AREA ) ALY 2 L
Table 4-7 Definition of the optimization problem
T H 7E X H/IE
ERANE: F=Rt/Rt Fr=0.142
B E
X1 [-0.02, 0.02] e A x s
Y1 [-0.03, 0.05] PR y A% 5 &
Z1 [-0.02,0.01] B Az s
X2 [-0.02,0.02] J& R 1 R x B E
Y2 [-0.07,0.03] JE R TR Ry % B E
z2 [-0.02, 0.04] JE R A z n R B
LR KA
FERE I 7 AR Lpp, B, T
v AL AN I A% HEZK AR
Swet AL AN I 40.5% ML TR
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% 4-7JBC AR & A ¥ BARMHALF a9 2 L (B &)
Table 4-7 Definition of the optimization problem (continued)

T H 5T X ik

PRk SR

[ECTArany OLHS FEAHY 48
g VYt Kriging

Ak B i% GA

P NN 40

D& 0.8

A SR 0.2

R RIEAE 150

(2) PUALE R Kot

O

BUE TSI 8 DN, BEMEAM B 73 PPAN 5 4 /NN R BN
IS 24 AN/, KRG 1 AL o

FEIRAREIEE 110 kI, F DR RECAEAR LIS, HArEBCiis 1 &
ME. FARRE LS B A B AR A IR P SO R U ] 4-22 Fors,
MT7 PR L) B AR R, Bt AR B S W3R 4-8.

mean_F

1.05

095

08

T Lo
I [

I [

I [ [
Log — — b — — — I - Lo
& [ |

[E—

nE — — —
(=1

Generation
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Fig.4-22 Convergence of objective function and design variables
k48 REFTE
Table 4-8 Optimal solution
X1 Y1l Z1 X2 Y2 Z2 F \Y Swet

0.0194 0.0391 -0.0199 0.0081  0.0296 0.03 0.936 -0.83%  -0.36%

@B A5V AT FE IR I8 E
KB IEMTE b H BT R T ST PP, IR 4-9 Fs.
X T IRAETT AR TT 58, TH S E T B R IR AR I EAN K, b EEANE
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1%, Ut BAFEARMUE MR/ FLgE R LR A B LT, AR 2L (7 4 ) 1 BT
(R SEAS K (P 4-24, 4-25 (R4 3565 LR RE VLR IX — £, BE T B4 1)
AIEEME; 54k, BT R ZAIE )T T 6.25%, 5 H AR REURSUE
—3, Vi Kriging JT AR Al 52

% 4-9 A A b @ E A g ERACHT G 89 T
Table 4-9 Variation of increment with free surface

B W AESEE A E BN Ak,
JRUGTT S (N) - 34.53 36.83 2.301 —
AT LR (N)  32.44 35.01 2.649 0.348

O Tr AL I B A PERE S B
%, KB AT BT AR R 4-10, EBHTT N EE 4.73%,
FHorp R 77 R B 15.93%, BEHERH 71 B 0.41%;2 th TR AR 1 4R AL .
AT 5 50677 R RIS L an 6] 4-23 Fros, A0 2K ER IR 5 )R Ak i 2
LRI AN 5K, R BT SR BE 2R I RO R 2R W S A i, FHEK AR AR A oA ) _E B
B2 BE B R L BRI, AR AR ZR VMK Ty el BE O T 22, HPK AR R T A
Y R LR o

% 4-10 AL FT £ R TR
Table 4-10 Variation of resistance

Ro(N) Ri(N) Ri(N)
JEhE %= 10.24 26.59 36.83
etk 7 & 8.609 26.48 35.01
FH 71324k, -15.93% -0.41% -4.73%
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Fig.4-23 Comparison of hull form lines between original and optimal design
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Fig.4-24 Comparison of wave pattern between original and optimal design
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Fig.4-25 Comparison of wave height along hull between original and optimal design
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K1 4-26 A14-27 733045 1 O0AG T 58 5 IR A6 J7 SRR AR T [ 3 73 AT xt EE AT
7] 5 S0 Akt b (Z 1 Lpp = -0.0471); & 4-28 1 4-29 3 B4 HY 7 AR (Z 1 Lpp
=-0.0429, Y /Lpp=0.0114) HJFCPXIh a1 E = BIXSEE, &l 4-30 1 4-31 [F]I 45
T IX AN IR AR 2R L, 1 4-32 45 TR L, iR L
Hunt 2108150 Q WHEMIZRIR, Q e ST

1 2 2
Q-Lor -5

b, QomERE, S HNARKE.
M 4-26 A1 4-27 WTLAE Y, ARALTT SRR AR B R X 08N, X/ Lpp ££
0.7 ~ 0.9 Z[AIZNFA L Sy A+ %), G e Ao B EE W i)y, I T RAs/ ) PR

(4.4)
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Fig.4-26 Comparison of wave pattern between original and optimal design
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Fig.4-27 Comparison of Cp between original and optimal design (Z / Lyp = -0.0471)

B 4-28 T £ 5 BRI T ERR KNG R E =BT (Z/ Ly =-0.0429)
Fig.4-28 Comparison of Ux / Uo between original and optimal design (Z / Ly, = -0.0429)
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B 4-29 AT £ 5 R4 T LR KNG R EZE3E (Y Ly =0.0114)
Fig.4-29 Comparison of Ux / Uo between original and optimal design (Y / Ly = 0.0114)
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Fig.4-30 Comparison of Q between original and optimal design (Z / Ly, = -0.0429)
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Fig.4-31 Comparison of Q between original and optimal design (Y / Ly, = 0.0114)
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Fig.4-32 Comparison of vortex isosurface between original and optimal design (Q = 20)
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Ak 7 RIER K 1R B AR A2 4b (r/IR=0.7~1.2) BEXTREGTE,
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WA R . B 4-36, 4-37 25 T RAL T RANE G T R BT F R (r/ R
=0.3~1.2) GHEHh A E R oA, WEIFRRTRE S, T REr/R=03~
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Fig.4-33 Contour of u/U at propeller disk of original design (X / Lep=0.9857)
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Fig.4-34 Contour of u/U at propeller disk of optimal design & comparison with original design
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Fig.4-35 Comparison of mean u/U at various radius between original and optimal design
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Fig.4-37 Comparison of u/U at propeller disk between original and optimal design (r/R = 1.0 ~ 1.2)
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(2) fRACTHSREIR Kot

Offrst 3

23t 150 YA AR RSk, B 4-38 45 T H bRk %L F1 F1 F2 1) Pareto
AW, AILAE B Pareto FIVE EAME AR5, PRI Z AP E R . Pareto HiHTE
KA IR, S EARRECR A BT G IR R BTN, RS
FEXTHE R s AERAN I ST BEUk /N, S BT ARG K
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Fig.4-38 Pareto optimal solution set

Q@B A FEPEIGUE &V f E FHTHIFH /145

7t Pareto Fi¥y F3EEL 5 4N A: optl ~ opts, &AL 7 EEH AR, &t E
M AR WK 4-11. BB EFITE S H I FTE LSS SR L AR 4-12, 1A 4-39:
M 4-12 ATULE Y, optl ~ opt5 T & [ BT BH 3 =35 5 R 46 7 AR, AR 4K
RN M 4-39 AT LA H, optl ~ opt5 & [ B A B 457121 545 2 Pareto
AR TR A —3, EARRAUERAAA, H—D Uil T BB kT S

F 4-1345H T optl ~ opt5 T K H B I 1545 21 1 B 77 R 43 e 45 T AR AN
SIEAR K YhIRKE, optl ~ opts EEHEPH 73R A K, B R R T AR
AR, SR EEAE T IR ) BEmskE, BRSRaEmEm A &)
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UM ET JEHRE ;s optl S FH I FFIR SR 4.67%, FHH R 10N 15.72%,
BRI S ERE K 23.53%, FEUL i FEMK; opts FEIi A3 5] B B
34.31%, {HEPH/I3EK 4.209%; opt3 & B 1AL B T AR A SN FE B N, A
BH /TPEAK 2.118%, o JEPH JPRAK 7.129%, ARSI EE /N 13.73%, £E3 A
DI ERIIBE

& 4-11 A £H BARRH . BT EZ ALY R
Table 4-11 Values of objective function and design variables and constraints

ZH optl opt2 opt3 opt4 optS
X1 0.0196 -0.0113 0.0123 -0.0078 0.0188
Y1 0.0407 0.0436 0.0497 0.0248 0.0334
Z1 -0.0198 -0.0164 0.0097 0.0071 0.0095
X2 0.0163 0.0086 -0.0172 0.0083 0.0146
Y2 0.0288 0.0178 -0.0488 -0.0474 -0.0694
Z2 0.0312 -0.0097 0.0376 0.0336 0.0389
F1 0.9395 0.9597 0.9756 1.0088 1.0393
F2 1.2263 1.0582 0.8885 0.7526 0.6943
AV -0.825% -0.466% -0.609% 0.072% -0.036%

ASwet -0.362% -0.145% -0.137% 0.097% 0.249%

& 4-12 BAE Ty kAR R 8 @ eI 4 Rtk
Table 4-12 Comparison of results with or without free surface

W RE TRAT TEA O TEAGRE
e TR R A R &R dEAmm
Original 1 1 1 1 34.53 36.83 2.30
Optl 0.9395 1.2263 0.9533 1.2346 32.44 35.11 2.67
Opt2 0.9597 1.0582 0.9663 1.0738 33.14 35.59 2.45
Opt3 0.9756 0.8885 0.9789 0.8628 33.69 36.05 2.36
Opt4 1.0088 0.7526 1.0102 0.7264 34.83 37.21 2.38

Opt5 1.0393 0.6943 1.0421 0.6576 35.89 38.38 249
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Fig.4-39 Comparison of Pareto optimal solution set with or without free surface

% 4-13 A A &t F A9 sy AR E\ AR AT

Table 4-13 Comparison of resistance and flow unevenness

fir 1] FERA A
TE S ORI A R (ND B RN 34 Wi Ak
Original ~ 26.59 — 10.24 — 36.83 — 0.408 —
Optl 2648  -0.414% 8.63 -15.72% 3511  -4670%  0.504 23.53%
Opt2 26.53  -0.226% 9.06 -11.52% 3559  -3.367%  0.438 7.353%
Opt3 26.54  -0.188% 9.51 -7.129%  36.05 -2.118% 0352 -13.73%
Opt4 26.65 0.226% 10.56 3.125% 37.21 1.032% 0.296  -27.45%
Opt5 26.71 0.451% 11.67 13.96% 38.38 4.209% 0.268  -34.31%

©Y R VI ittey

4-40 25 T optl. opt3. opts N EAM AT R SR R optl
R FERL XS R N4 B« 3@, mEKEXEa«TE 2%, 515
HAREFE FAE T opts BYLRAE LR fT M [ A5k, JCH 2 A b A B R 1
T, FERMBLAIN NG opt3 BYLREARIL M NAE, AH A RIS AL IR T E

g, BRLES S opts A LML
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Fig.4-40 Comparison of hull form lines between original and optimal design
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Fig.4-41 Contour of u/U at propeller disk of optl design & comparison with original design
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Fig.4-42 Contour of u/U at propeller disk of opt3 design & comparison with original design
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B 4-43 Opts R # i 69 L B K 4h @) 38 L = B 5 R 46 77 F3F b
Fig.4-43 Contour of u/U at propeller disk of opt5 design & comparison with original design
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optl. opt3. opt5 {3 AL I o PRl I i ) T B 1) Jo] [y i s 3 LU IR 46 77 %8/ fEr /R
=0.7 ~ 1.2 i, optd 2285 Ti J6 PR il e T8 40 JD [ e 3 LU s U6 7 58K, T opt3
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Fig.4-46 Comparison of u/U at propeller disk between original and optimal design (r/R = 1.0 ~ 1.2)

4.6 RE/NE

A 55 DL BRI AE KA IBC NARAKT S, 43 A%t IBC HEAT 1 Al 4 B AL AL AN
fEf S Ak, FEARSRZR B, X nlidkAT 7 B H s 2 BAstii, &
i — RFN A AT 45 DL R S iR

(1) TEfEERLRAILAL T, RACFREVER FFD J7yksd Bt A7 JUME M, R
F RANS 7732500 5 B ATiEAT VAL, DL BRI N s, SR BERE R . Wik
SRR E, w7 REBHIBEIRIR AN, AN 0.5%, G atr HEE A K
A RAEA G XN, T HEREAGE TR, fEL R NRME = B B A
R T IBC MBS AR T-27, TR A 2ol R 2, ded B a2
RERHE R IARGT AR R o I A, SR IBC M EcFi, ELMR%
1 BAR B HE DLZE AR AR B R 3 70 5

(2) TEMRERLEAL AL, R FFD kAT UL EM, BB
FH 7. e HARA, BT VRN & E T EES R | B
TR T HAE 2 BAstiAd, S5 ERTE & E BT EAS 2 Pareto
HIVREIIREE A —, HARREEIEAATE, - PRE 7 ST VE A SEE .

(3) EMRESFH I Hantidbdr, AR AL i+ & B i i sl B 220 R BE
4.73%, HP KT 15.93%. 4iGiinsrtr: ALT7 ZE0 H H % AR R
/N, FEBH TR RME T B 2 ZRk B TR B 8esys Pt 7 AR AR X B B8,
10 EL 10 s 6 BE st/ S A% AT RAgaks b PRV 1) He 3 56 B2 FIORG P 0 7K I 3 e R FE
JR 4677 EAERRF R Bl 40 8 A T W R BAIGIE X, AT 28 BRI X ek,
WS4 B 1S B0 s s T i EU B I BEL WM R 1 LAk 5 S AR 0 i i K e 2>
AR AVS S B W B OGS, 1SRG T P R s BRI .
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(4) SR ERPH 7 5 H AR I e 077 58 28 8 1hI B it B 3k AT 73 45 A4 T
ST BRI it 1) ok P S AE AN AR AL (rfR=0.7~1.2) BB K TIHEIB TR, HNE
BAL (rIR=03~0.6) RMBS/INTJFAG75 58, S35 TG R Tl [ Tl P88 PR A [ <
AR AT AL 1/ R = 0.3 ~ 0.6 Bt I8 PR B ) 5k 32 140 JB <38k > B s 7
/N, AE T/ R=0.7 ~ 1.2 B TE PR R A v 38 1) J )<< 30 Bl R R 7 K

(5) TEMRGSRE A AR I 2 B ARtk . #3211 Pareto ATV ZIL “M4IE”,
X Horh =AU I R A Y AT LU optl SFH I BE IR SRR 4.67%, Hk
BH 3k 15.72%, (RSB ERAII ST BN R 23.53%, Ui R FEAIK; opts ff:
A EIFEFEAIK 34.31%, (HUSPHJ13EK 4.209%; opt3 B /) FE S A1y
SJEBIE N, BBL AT 2.118%, oAb FH 77K 7.129%, ARSI 5 FE k)N
13.73%, FPRA R K HAR M J ) o AT ES e IR AR 7 RN 5], fEE
I8/ B BEAE T HEREPE RE R KIRER T, R G 1T RERUR B 4F .
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AR TR R, MBS LEIR K. SRR AR ZALE T, 2 R0
AL RAT SR TR, Py R TR) M TR e B A AR KR, DRI e AE 2 AR S
LA, AU R BRI U A, S 2 R R R R R A .
TR AR LR P AR B BE R AR A 22 AR M B R S 52+ B A%, AR
EOUMES, R RE R IL AR B e 3 TR, A ooy o 5 vt ek i A7) D A
BEATERIAAL

5.2 LAkt &R

AFEARAL PG B DA R AR 2 e 2 DU (B B-1), ik di e
PP 2K P VR B B LR 51

B 5-1 A3 wikgs & B
Fig.5-1 Quad-hull ship sketch

k5187w LR ERF &
Table 5-1 Data of quad-hull ship

miH g HLAL KN
K&K Lwe m 53.73
R B m 2.00
nz 7K T m 3.80
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Table 5-1 Data of quad-hull ship (continued)

i H iR X2 PN

Jo PR A [ 2 [\ R a m 0.2

TR R I 1) R b m 0.2

HEK A Y m3 715

A2 T AR Swet m? 242
5.3 T+ E Mgl 5

=R OZIUE T NM BUE D5 T s i B P R DA ) T SE AT R AL
P, PR TR N SSUE T 3200 68 91 DU A4 i ) X pe B /3B AT P0G o A4S 4K
NER IS AR TR K 27000 A =R BT AT B, R RS EEATE H N
%o HHTTFEIRKNA -5 Lpp <X <15Lpp, 0<Y <15 Ly, KA, i
PRBRAL — € Yo FEl A EAT 3 20, B el TH SR A &l 2 a1 5-2 s

B 5-2 8 v @it KR
Fig.5-2 Free surface grid

5.4 BAURMKAL
5.4.1 ftiLiclR A E X
(1) Bk

PL Fr=0.4 B3 B ME NARAC H AR, B AR BN T

F=R,/R, (5.1)

A, Rw NEMMRLEMUEBE 77, Rwo AR BE 77 .
(2) UM 7 R it A8 B gk Y

KF FFD J7 it FrARde 4T JL BB A, 3% HL 1 A Lattice. H-Fi% 48 51 DU 1Az
IR, DR AN G B — T — Ji5 P ALV R o 7 Rl RS sl 4 il s, JEPAN TR & YL,
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Y2. Lattice i [ K/ LA s S an &l 5-3 B, AR Z AR N &l 5-4 iR .

& 5-3 Lattice & B k) &4 &0 A
Fig.5-3 Lattice and control points
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B 5-4 KAARIUTEH (FFD 7 %)
Fig.5-4 Demihull deformation (FFD)
R 7 AR LRI B, s 5 0 B 2 DU AR B P AR B R EAT B A, BRI ) ade
WA a (ERRBEAEEEE) . b CERRAMIEEE) . SRR
U v 7 AR 5-2.

(3) LYW KM
AU VIR L BARAARUE A R EREE Lpps By T BEEAE, EHKERR
AT 40.3%, SRR AR A BT 40.3%, H RN R 18] BE 5 4 s —
SETE .
(4) Ak sgng
ARRAAEITARARE T 7RG it iR e B A R N 3 A1 L 40 AMFE
A G AR i [ 3 S IR A PE 70 A WL 5-5), FH M Kriging J bl
B, SRS IR RAME, BUEHILSHULE 5-2,
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S S )
DO 0.1 0.2 0.3 0.4 Q’? 06 07 08 08 1 DO a1 0.2 03 0.4 DaS 06 07 U.B. 0.9 1
B 5-5 OLHD X3 % i 3F 4% it B Z 2 18 6934 O M B 5
Fig.5-5 OLHD experimental design
* 5-2 B 7| wARAL & AR AL 5] A g 2 L
Table 5-2 Definition of the optimization problem
7 H & X ok
HARER F = Rw/Rwo Fr=0.4
Bt R
Y1 [-0.003, 0.003] Lt Ay MBS E
Y2 [-0.004, 0.004] e EH Ay Mg shE
a [0.05,0.25] 6 Rl A [ 2 ) R
b [0.1,0.3] TG R R T[] R
V. Swet LA L 40.3%
AL S
TR/ 40
i NI 100
542 RILERE 71

(1) ffbas 3

BAE AL —A PC iz A7 58 i, BRI IS 10 >/ o 2R A5 100
I, SEANBERCOEHEER IS, HFRECER T s/ME. BRI
BB B ERAE R R SGE FR N 5-6 Fton, e 5 STt B B A
BRA WA EWSUE WK 5-3.
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Fig.5-6 Convergence of objective function and design variables
* 53 RIEFTE
Table 5-3 Optimal solution
Y1 Y2 a b F Y Swet
-0.0017 0.0040 0.1595 0.3000 0.8368 0.109% 0.222%

A LE B L 0, A7 40 108N 16.32%, HE/KAARFRIE K 0.109%, 3%
A FRIE N 0.222%, P4y P & MR R,  ELABK ARG 26 1 AR AR Ak 35 76 20 RV
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Fig.5-7 Comparison of demihull form lines between original and optimal design
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Fig.5-8 Comparison of demihull layout between original (yellow) and optimal (red) design
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KA NM BUE 725 5 ST VRS, D FH xS b R LR 5-4, Hop
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Bl 5-9 45 H T IR UG T RAMRACTT SRIETEXT LG, B 5-10 2 il 45 1 4R S DY Ak
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Table 5-4 Comparison of wave resistance between original and optimal design

U GUES (U VSES AL
Rw (N 5524.02 4718.63 -14.58%

B 5-9 HRALT R 5 R 77 K4 EaT
Fig.5-9 Comparison of wave pattern between original and optimal design
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B 5-10 i H £ 5 BR4ET stk (BEAZT X/ Lyp=0.54)
Fig.5-10 Comparison of wave cut between original and optimal design
K H RANS F AR R AT B0, DT b an & 5-11 Fras, MR
B, AT OGRS, RRCR

5.5 ZALIRMKAL
5.5.1 Lk E) R E X

Z Hir AL H br e n F

F=R /R, Fr=04
1= R/ Rug (5.2)
F,=R,/R,,Fr=05

KH %2 BARBEH R NSGA-I SRR ALY, FhEMAECH 200, 22 X% 0.8,
A 0.2, wREAREL 200,

wo ?
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Fig.5-11 Comparison of wave pattern between original and optimal design
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23t 120 EREHEAE ESL, B 5-12 45 T HARER L F1 AT F2 (1) Pareto
RV, TTLLE Y Pareto BUVE B MDA S]), Pl 2RV E R IF. Pareto HiVEE
RA TR, BLPRAS BARRBOR A BP JE RIS R ARNTE DB Ak, i
BT AIRIE R s [z, U M BB T/, TR AT IS DU FH AR 4 K

11
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Pareto
Opt1-~0Opt2

105 -~

B 1o MRS e 2
085 ------ E—— :
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1 1 1 I opt2
0387 59 556 T8 708 T14
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B 5-12 B #xF¥ F1 A= F2 &9 Pareto AT 4
Fig.5-12 Pareto optimal solution set
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Table 5-5 Comparison of wave resistance between original and optimal design

Rwt (ND Rwz (ND

Original 5525.02 6409.37
Optl 4719.48 -14.58% 7030.02 9.68%
Opt2 5996.20 8.53% 5940.00 -1.32%

NN

B 5-13 AANALR THRALT £ 5 R4k 7 £ 3543k
Fig.5-13 Comparison of wave pattern between original and optimal design at two different speed
7E Pareto Fif ¥ H EXH P I AL IR AK T 5% optd AT opt2 AT PFAE, AR 5-5 A1
5-13 AT LA H, optl 78 Fr=0.4 ISR RDN, 78 Fr=0.5 IO 3 ok,
1M opt2 MITA LA B, Vi optl 3& AT, opt2 i& & mifiiE, 5 Pareto 45 1) & .

5.6 KE/Eh

AN EE LIS il AR 2 DU AR N LA X R, SRS FED J5 3306 A AR i #8472
Ky, [RIIEE A A TRl ) s O\ e TR BRBEAT T LT A, 23 Sl BEAT 1 o o H AR Ak
M2 HEZ Hbrfile, L BUETHRRAER 2415 H LU 458
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X RO BN T ik HEAT 2 3 FIRAIE,  IF56 a0 il . A NE R A A S 2 A4
BT TR BUEAL, XA FIZR B AN 2 B0 R AT THR AL, BP0 A R AR
Sl TANFE R B IX I, R TANER U R T, A AR EBE T
VPG MERAYERE, FEXA FISERAS AN BT PR REEAT 1 B B AR E 2 B ALK,
N R SEBRMIA B 2R B R Rt T — R A A . AL BRI

(1) ASCLLASAY gl iy KCS BT 5, % KCS R #EAT 2 Ak
HAFH 4k

O HrEE 7 Kriging SRR AT 521, LR NM O EUE D7 v T s i
BH 77 P BE LA 1R R 5 1 A0 v 285k

Q@M AL IR, SER A IAE IR THSMMILE,
M2 A2 A RS T4

(2) ALV AMRE L KM IBC PRI SR, 53 34T T A A
LRMRAL, FEE AL

OREBRARCRIEAH T, JEERCE AL AEAS & Mk, i BBk g
TRER, FELI A SR T ARME ™ A2 B B B8 R T4

QREHH H AR 2 B AR AL S BRI T B AR 5, A% 4E5E T i
SRR AL B o

SBE Ay B e A A AR R 30 23 B A5 2 W 2 258, DT KM BT He FHL
730 b FLAZ BRI 43 A1 8050 A7 R BAE PN 1A% Ak 2 458 TG AL b 1 3k 32 S T k)
T LA [ 38 305 R ] 1] g sl 35078 K, 1 B P R ot o R T AR 22

@R FPER I 2 B A gs SRR, H Pareto FIVEEIL “ M7, BAMERE
ZIAAEE— BT G o A — MR AR B E F398)y, 1 B2 AL T 442 4b
PRSI, Fml A AmE LR LG 7 RT3 5], BRI A B 2 ok
H, CEATTRESIRTE L.

(3D RS 35 va e 1 A P 00 AR 28 250 DA A TR i) 8 1 ) B2 ) B g
7T A B E AR A SS AR SRR B AR B P2 28 T AR DS, A%
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WPH A RIE N B 2 BARMICALRY Pareto FIVSTEAR N “IE 7, AL 772 optl 1 opt2
TS R, optl 7 Fr = 0.4 B 24U RN, 78 Fr= 0.5 B 2496 =Gk,
1M opt2 A 4FAH K, B optl i& SKATEE, opt2 iIE & & HHE, 5 Pareto 25 W& .

6.2 R RRE

RSO A [RI R R AR 1 2 B AL AL I LR ST R BH , OPT Ship-SITU BA R & HiE
FAPERI R S0, I HoA S-SR AR A 2R B A 1] R AL T — 2 K Fe S A4
FH T B TA) A PR DA B — S B AR AR I 2, RSO TAR AR AE — e R BRI KR
T RBAGAIS IR, AR AT R I vk ae it AR & 2 —20
MR FRTEHET . FHXTIXLELR B, v LAES e T it — B I 7t TAE:

(1) SABANGRE, % H a7 BRI TS SR AT RIS S0 ;s X5 2 S s
BT, R A e A A R D Re AN SE A 1, SRR T
T2 SRR B FH

(2) DI Rl s DL AR AR 7L, JUHR MRS B R AR 2% S ik
B SR 2% 435 A B ARG FE AR A (Variable Fidelity Model, VFMD, 45 & s 4R
AN, TE R B 5 R A RO, NI RN A 2R G K Bl T 1 R AR
TFT IR SR

(Dt — LI R INE 425G /KB I REALAL, B2 18 BHLJ ANHESE L RE AT,
BT e 1 HRINESE, FFEEF ML B SEaEoR, mASSIMMLEE
KB HEREILAL o

(4) MR ESC bR TR 2 KRB Z N 5FE, B T K814t
W RBNEM D15 RahF. FBEEE, SNFR RIS B R G ,
ETRG THEE, moB )RR WAEERH, HFIFRRG S G HTRRERNZ
2Rtk (Multi Discipline Optimization, MDO) FAR ¥ o B 2 K i .
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