B HLRERKEIERTEE

ETBEEZES W IRISHRRRIML

B, K@k, RE, FER

(EETERY RS SEATIRESR B TEERESKERE,
EHAE S RET REEHRAFH P, EiE 200240)
*@{={E# Email: dewan@sjtu.edu.cn

WE: HARGHEA—ERMBETITENEERY, CHEEREHMNEFE
Fod] M, ABE TR E T Neumann—-Michell (NM) 2 i Fu 3% 5 & i (Genetic Algorithm,
GA) AT, UUSREMAE Series60 ¥ #l, F|FFH#H % (Shifting Method) 57154 #%K
#% (Radial Basis Function Method, RBF) % & Akehm, W XEM A EN ERE, x
B ALE (Fr=0.30) TH Series60 MEE#HATMH I, AR BEXEHEAF RPN RA
A, FXRABEYT 2,

Xi@ia): ARMMA; XEMEA; NMShip-SITU; #EH %

1 55

AEtARI R BT RAAROE S B M EERST, KPR EREmEIMARIKS)
HEe. GZENTHRNZFEENHES. MEGRIT LA KR, B EFERHE
BRI AR 2L C 2 M AR IR T B BAUR I 0 &, FRMBL R FEEERRTER
FEMMAR A RS L BRI, SRR, WA R RETRAE, 3
MAEBREBERR AR, PULEASGEREEL. KB R B A R
TIREHER, BENSFECER, SRESIBROBITFRE. ERML, BB
Wit R BT 2.

ITEEER, THENMERIAMBEAURTERENENEDRE, FEETHETHE
FIREBLAR AL ¥ 1T (Simulation Based Design, SBD) Hi R B AT BE. & REMR T MBI H T,
BARALBR LR BUE T ERE SR A A R R IE 28 KA R A TR
WU, FHBETEENRE, Tahara ZUETSEMRY:, I 6 MRITFSHEH|
FRBLAE R, FERIFEFFF] MR % DTMBS415 FIRSE . B9 E., fERMLHT T 01k,
Peri 2 DL FH A7 R AE S IR 1 A B AR B O S AR BR £ 85 (0 J LT SN BEAT AR AL, %57
FL LA i 28 /R B TH] (Bezier Patch) 77 SE AR M, FIATHE MK /7% (Computational
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Fot+EEEEKERT SR

Fluid Dynamics, CFD) HyATRMAARL /151830, X o & T =M R K BB R
B, BRI ZIRR, RoE FREETRAATE, R EERRE R RET T RIE.
Peri &PV TR B/EBRIER K. BRENEIR, BHEUEARSINET CFD KR
Y, 3% RSM. VFM. Kriging. RBF ZT USR5 FI3T THEF, B2 T HHME5 T
g ofE g R &AM (Morphing Approach) FIHSEIL T B MIGAMRLN
BUBMER, HULHEAARAERERTREMEMBE. kEEEPELEARRA
FFARH FM AR R R, 58 Dawson FiERIRFEEE, LURFH 1AM B xR,
X E E KB A TR, BRI T B TR 13.1% M B

2 S UADE U BE 1 BN AL B AR B BT BRERR B Series 60 HEATRALIRTE. ATTFIAF
Bk SRR G RARE. MAET NM B2 R FK#ES NMShip-SITU i+
FRRIRE 7, MEBUBEEEARA T, RMBE TR @R T N B/ ML
B, HARMERHETT 2.

2 Neumann—Michell i

Neumann-Michell 21412 i Francis Noblesse 2524% 7£ Neumann-Kelvin (NK) &)
Bl FRERN. NM BRI LT NK B RAE RIEMRAKEHIR ST, e
HEREWAERSERE ENRS. 2T NMBRNEATRSEREY R, FAtHEE—
SERREE, FtIEEER THREMRL.

TAVE—AEE T EFEEEINA FEABIRER X=(X,Y,2) 1R H 1
WE, TEKEBRENNx=X/L, , TRKLEEE X Nu=U0/V,, EERLEESE
XAHp=@/(V.L). MEHRBEZARHEE, BITEEBRUFRGRER:

C$=[(Gn-Vp-¢n-VG)a (1)

ARG MEATHPREFER, BEAMERERELENATTFELF R4
n-Vo=n*, FHZBKTEHAREARPHIELED, 77LES:

g x 2 ¢GX_G¢X x G )

¢=[,Gnda—|,¢n-VGda+F*| Z=—2_n"dl+| , (#° -G 7*)dxdy )
[ o], s,
R F RRMELESR, 2° M2 EXH: 2°=G +F’G,, n’=¢ +F¢, , TR
KL .
ST AL EERER, QRFEMEESRRER EXTERINR DA LS K.
R Gon*dl

L Gn*da~ |, Gn'da+ F?| ———— 3)

J‘z,, .L: .[r (nx)2+(ny)2

KRORA(), RSP RKERP T, FHREREE G T W
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5 AR LW, X&d—RUEER R, B3 NM BERNBARERNA:
=0, +9" 4
Hepg.
by=[,Gn da-[, Gn* dxdy

" = [, (#0.+4,t.)-Wda (5)

Hevd,, t., ¢, dHRSMEETINELFRE, BREEW EWHEREVXW=VW
KR

3 MR HTTIE

FEARICH, A7 X8 NMShip-SITU REFHIRMFEFE, BT RFRIARE M 5]
TN R, BMCERATH T thR2 1%t R RN R A PR TT R BEAT

3.1 BT EBENEEMETR
AT EEMERBR TS, AN BEES g -

0.5
a [0.5(1—cos27z X~ % )} , x<x<a,
o) =X
a 0.5
g=1 -, [0.5(l—cos27r 7% )} , &, <x<x, (6)
2 X
0, elsewhere

FRERES ROAANZE: x, x, SHAMGHEZHXROEHME, o ATHRE
BB, o ARHREXBAASARME. ARG ELERE, AXELTH o HTEHE
& 4[-0.005,0.005].

ETEuRi, RTFRE SEMKH P LRYIGEA BRI REZY K FRAE.
FRENSARRED, BBPER, EEEH TR E M E B R Bk,

3.2 &T RBF A EM AR T

T SO BT R AR AL e, E SN E AR R T — 2Rk, H P, Boerd”
AR —METHEAERBOHENR R TE, ZTEECEMEERNRRE%, &
WSZRIRAHE FEE M RiE . AAERTRERTRHN, BEMARESSRE T =/
FEH T R E L LB R B i T R AR A R B e A B ahiE A, DARBE
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T R R BT AR B B FAR T R
HEHF, EXBRE sX), ARRFHERIENTA X =(x p 2 )WAEBR/:

s(X)= jzli;/lj¢(”X—Xj||)+ p(X) %

ER, sXBEERANINMEAERES—ANESTAREM, K, NERITAEH
AR, SR RS ARSI A, X=(x y.2)RNEMAERRE G0, Mt
B N AN SRR, BRY RTRFL—A X 5RO Xy HRKIRERK RS, &
kBT RA B3I Wedndland’s R4 :

o(1x1) = (1-[x])" (4)x]+1) ®)
RONFHETRK p N H B BAEH £ 50K
p(X)=c+extey+ez 9)
R(7) B BB A, LR RA0)H 1 o) T LAB B S AL SRR 8 31
4X)=j;, j=12,...,N (10)
ERHF, f[RREBNMEH EOMBAE, FR M NFEt:
N
Y Ap(X,)=0 , j=12..,N an
=
A AR B Nt R4
(M P4
Yt
ﬁtp,

T
/Iz[ll”lz"“’ﬂN]T; c=[cl,c2,c3,c4]r; f=[flaf2,---sf}v] ; (13)
M, =¢(|x-x]) . ii=12...N (14)
B,=p,(X)) , i=12..,N, j=1234 (15)

Zt, RIABRBEHFREA12), TR TRENRE, FFBHTA MG
BAFFRAN(T), BETUBRIFTA MRS R REL, ATsEsaiiR .

4 serires 60 FEEIGLLE

4.1 BFrEH
AR BT R AL B T AR AR L B B AT ), B AR R B BN 48 e HUE T U ARRE %
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FERE T
[, =minRw, Fr=0.30 (16)
AR R EEETRERERER 30, RENZ EF4RAFBEARLEAET) 36 4, B
FL5ER 1080 MMETHE .
# 1 Series 60 HAIZ¥
AR FiE Fr L % B 1zK D
Series 60 0.30 1.00m 0.13m 0.05m

4.2 WitERE
FEFIPRARTRET EXXF AR T EETH, FEANMHEER: W

02f, U1a, 020, 1, /2 fo S S50 T 0y Gaps Qs 022 3309 3.1 PR BRI BE, Ti5 44

R4, a AREHEE; [ORRENEH SBEIERE. w1 s, 26 K86 T4

EE, 2 A 14 REHEKTREs), B85 REMETRgs).

Original Hull

B 1 P R R B2 LRI n
4.3 UEREDHT

S AL TR 36 FUE, MAMEL M B ) BB AW, Mk RER L m
B 3 frs, MAERITR:

®2 RUER
N A 2B X 107 R EH/m’ HeK A Bm®
HIGAAER 2.00236 3.40952 0.00424552
=478 i) 1.72281 3.40546 0.00424318
BEE -13.96% 0.19% -0.06%

MWL RATLAE Y, BB EZNETRINEEADREEHERK, MERER
HHAKGREARNE, HARTMKRMMBERSFFUHEERRENER L, AR
BN ME T HNEE T
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0.0026

0.015

0.0025 P, Original Hull ——
0.0024 b 001 ‘o 1
0.0023 [g
5 00022 B&° 0.005
£
O 00021 3
0.002 7 0
0.0019 |o¥
0.0018 0005
0.0017 001
0.6 0.4 0.2 0 0.2 0.4 0.6
Iteration xim
Bl 3 b A BB R 4 REB R ERT L

ME s FTLLEH, MAMBERERSZE —EXE, REAERD, S8 4 HXNEE
BRI, SRLE RREDGREREN S BA RN . B 6 KTEREE A RFERY
HEARERFREAD, THEEHRREEXARHEREXEHESE.

K5 B Hm st K6 Mk 5%
5

A SCK A NMShip-SITU S RHAX S 77, BAIERIRILE AR, FAFBESETE
1) B R R AR R R 75 v, M AR HERR R Series 60 AR DL KB BRI R HAT TG,
BEEREFEERUEHRAME, STHEMBAAL, HAEFME (Fr=030) THNEHEA
RYTIET 13.96%. ARXRIER THT NM B MAARESOHR, BUSRIBF R R
L HARM R RGUESE — P RIE, BT NM Bt R TR, RRENE B
X3 A = B A R B it

B
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Ship hull optimization design based on NM Theory and GA Method
LIU Xiao-yi, WU Jian-wei, ZHAO Min, WAN De-cheng*

(State Key Laboratory of Ocean Engineering, School of Naval Architecture, Ocean and Civil
Engineering, Shanghai Jiao Tong University, Collaborative Innovation Center for Advanced Ship
and Deep-Sea Exploration, Shanghai 200240, China)
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Abstract: Resistance of performance optimization has always been an important part of ship
conceptual design, for its direct demonstration to economy and usability of the ship. The paper is
based on Neumann-Michell (NM) theory proposed by Francis Noblesse and genetic Algorithm
(GA). We take the standard ship Series60 for an instance. By using the Shifting Method and
Radial Basis Function Method to modify the hull surface, minimizing the wave drag as the
objective function, the Series60 ship form is optimized under the high speed (Fr = 0.30) . Finally
the optimal hull design with low wave drag has been got. And further analysis is drawn in the
last.

Key words: ship hull optimization; wave drag; NMShip-SJTU; GA
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