5 UmR e EDKE AT SR U

ET KRN & PMISREEMMRENK

> 97 < sk
EEE, FEE, FIEK

(RIS WA 5 T T AR e TR B 005 AR 5 R TP 2 4 ) G
L)

HAEEE: dewan@sjtu.edu.cn

WE: HHEIHEEBMEEN KSR — cEEBERIREETHEL,
DL 3 AR AR R R A MR RARRL . AR ETRAL B 77 L WA A R A
OPTShip-SITU, LA SZFF % & 48 Af Ap A2 O B AV AR, A Al g ¥ Fo J5 K B B AT fE ML, 3
HEEEH T (FFD) MR #AT R, RA TR A AR ARBE 3 AT A A K
(EHEBEE04%) , FRENMET (v=18kn) B XIE [ /7 MK AREL . ARAEFH 77 1T
R R B £ 7T & #92 T Neumann-Michell #5526 87 NMShip-SITU K # 2 #t1T7 k
iR, mAEEXRREEE R, RAGFE AT A 85 A AT B L A7 1R 33.5%. RIET
T NM EZE i AT A AR v & B fo ]

%82i7: Neumann-Michell; OPTShip-SITU; [ 77 E6E; AFA (414

RN BT FP B — IR, XM &7 PR R & 2. AL
RERL, JREamEBit. LR E . AR AT BS54 R AT . Rk, 7ERRAN
fRIsa BT B S TR TERE RN AR R AU it e B . [, BB AR BT A
WrinAiae. SRt ZRMTTIRRE, MRARARA BT BN 2, a2 T
PARBLEORSCRF, SO S T+ EE MW TR

FeGE MR 28 i R AR B A (0 R 2 Bl R AU R Bk}, 8 — S 507
%, RLHAT RN, SRBOHIT R L . RS SR R 2T VAR T s A
MBI TURLE, JF B EAE R LB MV B 18] [ B 2 IXF RERS Bl A Lk, 1351
MRZEAR AT RILL, AR R, HiiblAsm, st K.

B AR S i TR AW R, AR SRR 2 LTt 757 C AR MEE A2 A A e T 9
AU, AN BEE TR A RS BRI AW 53, 2T CFD MR AL et

- 1114 -



5 U m A EUKE A 2 1R SR

BN, XA R AR T E — e R R B T ARERIG I A, 3 AR R .
SR, R T IEE AR R AR RIK B SR RE s LR Y, R h AR A i K E K Bh
JIHEREVEAY, XTI FE T EFE S KR E R AR /. Fik, E)FHE—EsH
AT CFD BIMEAK S atERe AL TR, 8t it BB A Sl iE .

T KB SR RE IR AR AL 214 OPTShip-SITU &3 T AR AR 3 v L B Wit v
IR E AR . feAb B2 Neumann-Michell BRI A M. FEH 4 MEH A pl. AEAAR
e, KB IIEREVEAL . EAMERY ST B EAR (B AR UKRAE. BHRT, MRS # Ty
FEEERTVPRE, RERBIEU LB HZERTTE: K G ir Ml EE2 5T
Neumann-Michell #fE 14 7 1A RIS TR0 CFD 1R 7% I VB 5 v 2 A 1 o [
J7i%, Kriging BEARISE, SRATA HARREHAL 1IN 10 5 A AR R BRI T 1
FE A A AOR K Bk . B . AR SR DR A S T R L & AR
Ja KAWL . OPTShip-SITU K fif#% O T T — L SR VK K Bl J tk se Ak, I
AR 7RI R,

2 PUALinAE 55k

3T OPTShip-SITU KFEEF MG RO — SRRy : 1 SR e F AR AL AR #0075 2%,
g k MRS EAE N BT A, AORIE 4> k dEiitasia)l, BRI AT An i A
o EMMIENZAT, SINRB B AT BB, PRSI B thfE it 2= [y
TREA KT, AR A R 3 T 34 B RN KK B0 I P05 T3R0S R AT R M R AT 7Kk 3l
PEREVEAY, CACAIMIREA SO @ AU, XA H AR eR 00T DUV L U R 4T TH 5, 1
T BEAT R B M EE R, KOOI BR T AL ERE . feJm il I A i LA AR AS Ak
i, EARFMBFTEEORIIALI R, WEREIr R, RE#T EiRidRE. R
MEAL AW 1 Prs.

fREFR HERHFE
A
LEEF il iy E e
"y
T bl ok k=)
HirER=

Kl 1 OPTShip-SITU KA 2% A L5 #y

2.1 ARBTG5 A FFD 5%
KA BB T (Free-Form Deformation, FFD) X REEIAG AT, 1% 552 H

- 1115 -



5 Um e EDKEI AT SRS

Sederberg 1 Parry 7E 1986 42 H 1) — M4 B HAS T J7 k. C&u) 2 N T EFEMAI L
o] EAGLE N & HIEAR AR OF ke — Mg (Lattice) , BTHRIRNS
RBEME TR X SR NGAE: @M FWNikE — RI4EH] 5, IFiEid Bernstein £
T X ST AR R T A AR AR S ) R AR BR TE] ) 96 R s @ LA -5 ) AR A v AR &
S A A E, SRR I AR

FFD 7750 R et A2 s /b, AR s RE,  FF Hou 28T X /N AT & ™
R, RN ZITERIE IR, 5 T RSl BT A U0 2 ISR [5]

2. 2 JKEh N REITA 5k

AHIFFE R H K NMShip-SITU KA a5 3547 28 B B (oK B THERL, 20Kl ds e 2 T
Neumann-Michell #Ei&MH A1, 2T NM #He iR SR IER &, FENBEE—E
PURERE, PR & H TR . HEEAR 4R,

— RN Ls BIMGRHCASTE Vs W ELZRTHE, & P AR KIS -E B R Btk
ToBRAKER, EAINRIIBIRTHE, A KR . FRATE—/NE & T B IR AHE 301
HFHEMAPE R X =(X,Y,Z) PRSI B s, TRk br e SO x=X/L, , Jol
DGR L hu=U0/V,, ERRMEEEE L Ng=D/(V.L) -

NM BRI TSR BT . B AR 7 3Rk G G M & 3R T A AN ] 28 3% 10 5 2%
fEn-Vo=n*, HZBEHE BRI SRS ED, 7] LIS

p~(, Gn'da—[, ¢n-VGda+F?| 99—
¢ IZ, nad JZ, ¢n a Ir /(nX)z_l_(nv)z
Horp F ORI E88, »° M WESCH: 7°=G. +F*G,,, n°=¢ +F%, , TIRE
PRIKE . A TRAS AR EL G WD BEER 7> W 5 2R s Ay L Ry, Al — RAIEL
AR, 133 NM BRI R AR IE A

ndl + sz (7°¢— Gr?)dxdy D

¢=g, +v" 2

Horr:
&, EIZ'” Gn"da—'[zﬁ. G dxdy (3)
7" =[50 @, +0t,) Wea 4

X 3 AKX @ Hd., t, ¢ d YRS RA R, BIREEW 5 W
EVXW=VW % Z&,
23 /M EE

B A AR RO 8, AT LR Wi DR MR R 3 T R B AR i, ARt 4
SR SVE R N B AR A e . B R R e R EE, e N AR
BRI BEAL = A IR AA fREAT 1 28, TERER TR BN AR R i) L — MR, RO

- 1116 -



5 Um e EDKEI AT SRS

A, BRI P IE LR I X e Y (RIS AU A WAL . R SRRl S X 2257
IS, HA A AR s A e AR, RGN R ME RIS — e M E
WA ALENTT AR, RELHEL, ST SRl gLt A, R In ) S LA o

BEREG R, (TR, MRS, HegslTaRitEd, RtiE e s
Pt veit, i HEREEFER S BECERINE 1 PR,

®1 BEREXERSHEE

R EL U LES &S BRR KIS

50 0.2 0.8 0.2 200

SE Y REALTT

3.0 AT
O TS PR AR B R AT AT AR A, SR R AT AR BT SRR S MR ) 32 RUBE G
* 2 PR

®2 SREEMIMSHEERE

FRE 5 5 AL S iy
4 R by 42

EFEAIRS Lpp(m) 260.00 6.191
KK Ly (m) 264.00 6.286
Bl B(m) 32.22 0.767
nz7K T(m) 12.00 0.286
A S(m?) 5680.43 3.22
HEK AR V) 64378.26 0.8690
(LR Fr 0.1834

32 BiFRBSRIHTEE
BT Z AR AN HEAT SRR, BRI AR (P I AE £ 0.4%, AR
PLALBETH 1 H AR R B L L A 2%

foy = R,(Fr=0.1834) (5)

oV =10.4% (6)

- 1117 -



5 U m A EUKE A 2 1R SR

DAL ION M E AR, 7R B BE T 3 N RIAFIIKE T Latticel BB AEERE AL,
R R 2 AR AN 98 75 IR B, AR ER S REAE AR AN 58 77 AR TE ,  [RIIN LR 2R 5
Ko E Aoty MERE AR, SRIMBEERENERIAL E; Lattice2 M1 Lattice3 B B AEMTE K
ANFRLE, AR R E R T RS A R, KM E R Latticed B EAEMIRE
Ak, PR RIREMTE T AR E, RIAEAEREAR. LA Lattice W1l 2 2F 5 fros, M
A RO AT B BE S R, SRR OB E R (ORI S s TemD .« Bk, Btk
M7 9 ML)t A&, ﬁ¢@%1A%%E%ﬂ8AfM5MTWﬁ?% Nz 3 i
~ (BEAL B AN K TE RIRAL 5 R 45

FTTT

R T A2 4 P58 7 [0 A2 4 5ty RERE AL
K2 Latticel fR]22 DX ] 5 70 A1

S AL 7T 17 AL S AL 7T 170 A
K3 Lattice2 [y n] 22 DA ] 5 70 A1

S 98 T 17 AL 5 M OE T 1R A
K4 Lattice3 fmAZ X 3N il 23 70 A

- 1118 -



5 U m A EUKE A 2 1R SR

S AL 7T 17 AL S AR E 7T 170 A
K5 Latticed [y n] 22 DA ] 570 A1

®3 ET FFD TR SHHGHERRER

Lattice Wil A R
X, -0.01 0.01
Latticel Y, -0.01 0.01
R, 20 20
Y, -0.015 0.015
Lattice2
Y3 -0.015 0.015
Y, -0.015 0.015
Lattice3
Ys -0.01 0.01
Ye -0.01 0.01
Lattice4
Y, -0.01 0.01

AP I 9 Mt A RAUERL T 7575 (OLHS) HEH 90 MEA R 7S 4
AN 0], MA NMShip-SITU SKFEXTIX 90 ASFT R HEATHKBE 5, 1533 B R4
e A A

4 fitkss

1 Kringing 75 L USR, #EATEERRIEA, A REE R 6 Frn.

- 1119 -



5 U m A EUKE A 2 1R SR

= brileas |
< SATHE
al
1.3
& “
o -4
We 3t
= =
= o
- "
4
7Lk
ﬁ.-“
1 H
_‘ =
1 .iilémm-i-‘-‘;‘ﬁ--:' Wy W N & P ,:-"
T :'.ﬂ"':-r'-;- nnnnnnnnnnnnnnn
0.5 L
o 1 20 30 i) 5 60
ER

Ble kREIRsss

R H A RIS R AR 4 PR

x4 RUER
YL ) R Ex 10 HEAK A A m’?
HILR AT R 3.952 0.868
ALY 2.628 0.870
RGN -33.5% 0.23%

M ERACEE T A, FTS RER AR AR ALAE 18kn S T (Fr=0.1834) My%FH N &
BAHHEM TR, BRIBAHAKEBARA KR, FFELRZER . RT3 S
BB R, AR IR B 46 M B T 2 Xt LU B DL e 9\ 2k
Xt 7 AE 8 Fivr. nl LU AR AL MY 0 BR S i R e A A R 1) e, e
ISR, IR WS AR, AR A B R AR R <

- 1120 -



5 Um e EDKEI AT SRS

0oz

.01}

(/7))

0.00

—=0.01

—0.02}

—0.03

—0.04}

—uus -0.06 —0.04 —0.02 .00 0.02 0.0 0.06

K7 ALAeHT i Lo b

T =06 —0.4 -0.2 0.0 0.2 0.4 0.6
B8 DAL S I Zext L

MACHI AL S IR A AL B bl T XS B dn B 9 A 10 Ffra, W RAE H, FEME AR AL,
PR IR AR AT R P 1 e T 8 v 20 i e, e M R AL e e S A T P S R B W 5

Ko ARG B Hm %o Lt

- 1121 -



5 Um e EDKEI AT SRS

K10 DL Abal e MR B SR

DAL ARG 5 B AR A 2 A AR R T [ A e A B 10 Fras, VB 10 e AR HE, M IE
Jis DA s DX 449 W 5, T D R BT T 5

Pressaiine
&00.0

5114

4222

3333

2444

1556

6.7

222

Lkt | 1111
s

-200.0
K10 DRAR RIS M A0 B

Pressgure
600.0
5114
4255
3333
444
1656

66.7
222

-11141

=200.0

- 1122 -



5 UmR e EDKE AT SR U

5 #Eip

A5 AL SE PR AR S AR N IR A AR, DGR BH D PE AL B R, R PRt 47
AR A, SRFH OPTShip-SITU Kff# AT ARBLOLA BT, did 8% SRk e R A A
M, FFFIF NMShip-SITU RAEZRHAT MBI . SR, 7E Fr=0.1834 %%
WA RECT R 33.5%. BRI S R Aa AR BN ER . H TR . A R 1 A 44
XS A A, E B T OGRS AL BE D B AR R A ELA R . BAJE BRI AR R R
naoe-FOAM-SITU RfF 88+ M0 11, #ATHE— B 860 H .

Hst

AR TEKEER 8 RFH¥ 24T H (51490675, 11432009, 51579145) . KL% #
L it X (T2014099) , L & & AR 77 3 & FF B 303% W AR BR 1 X1 (2013022) , EE T 4L % %
A Sk AR (17XD1402300) , VLR T A2 34 A Hu 6l #r& T VIV/VIM B E (2016-23/09)
KBh. M —FHRTRE R,

& % X M

1 Yang C, et al. Hydrodynamic optimization of a triswach. Journal of Hydrodynamics, 2014, 26(6):856-864

2 Zhang B.J., Zhang Z.X. Research on theoretical optimization and experimental verification of minimum
resistance hull form based on Rankine source method. International Journal of Naval Architecture and Ocean
Engineering, 2015, 7(5):785-794

3 fERUE, XURHIE, SR, S ST CFD ROMGANERE Lk A shiife. M /%, 2012, 16(4):350-358

4 Sederberg T. W., S. R. Parry. Free-form deformation of solid geometric models. SIGGRAPH Comput. Graph,

1986, 20(4):151-160

5 Coquillart S. Extended free-form deformation: a sculpturing tool for 3D geometric modeling. SIGGRAPH

Comput. Graph, 1990, 24(4):187-196.

6 XIBEX, REE, SR FETEMEEES NM R, Kl ¥ S5k, 2016,

31(5):535-541

7 Noblesse F., et al. The Neumann-Michell theory of ship waves. Journal of Engineering Mathematics, 2012,

79(1):51-71

8 Wul, Liu X., Zhao M., et al, Neumann-Michell theory-based multi-objective optimization of hull form for a

naval surface combatant. Applied Ocean Research, 2017, 63:129-141

9 Liu X., Wu J., Wan D. Multi-objective optimization for a surface combatant using Neumann-Michell theory

and approximation model. Proceedings of the 12th International Conference on Hydrodynamics. September

18-23, 2016, Egmond aan Zee, the Netherlands.

- 1123 -



5 UmR e EDKE AT SR U

10 VREZE, MEEF, . AARTERIR TRz Zhma S ARG P RANS BUESH. K3 122 5t S5
JE: A%, 2012,27(6):621-633

Ship hull optimization of a container ship based on minimum wave
making resistance
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Abstract: Resistance is one of important hydrodynamic performance of a ship. It is closely
related to practical ship building engineering, good ship hull with low resistance can be designed
by ship hull optimization. In this paper, based on the ship hull optimization software
OPTShip-SJTU solver developed Independently by our group, an actual container ship model is
used as parent ship, and the front body and after body of this ship are optimized at the same time.
The ship hull is deformed by free-form deformation method (FFD). The displacement is strictly
restricted (variation range is £0.4%) during the optimization process, and the optimal ship hull
with low wave making resistance under the speed of 18kn is found. Ship resistanse is evaluated
by NMShip-SJTU solver which is based on Neumann-Michell theory and is developed
Independently by our group. Genetic algorithm is used as optimization method. Finally, the
optimal ship hull is got, and the wave making resistance is reduced by 33.5% compared with
parent ship. The rationality and reliability of ship hull optimization based on NM theory are
validated.

Key words: Neumann-Michell; OPTShip-SJTU; Resistance performance; Ship hull optimization.
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