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Propeller optimization design based on the adjoint method

WANG Rui"', XIONG Ying’
1 The 91404 Unit of PLA, Qinhuangdao 066001, China

2 College of Naval Architecture and Ocean Engineering, Naval University of Engineering,
Wuhan 430033, China

Abstract: [ Objectives ] In order to develop a highly efficient method for propeller design optimization, the
adjoint method is studied based on surface panel method. [ Methods ] An adjoint equation is established un-
der the conditions of zero normal velocity of blade and equal-pressure Kutta to obtain a formulae for solving
sensitive derivative problem. A DTMB 4381 propeller is used as the research objective to calculate the sensit-
ive derivatives of propeller performance to design parameters using the adjoint method and traditional method
respectively for solving governing equation. Next, an analysis of senstive derivatives on a ship propeller
design is carried out based on the adjoint method.The sensitive derivatives are then obtained and applied to op-
timize the geometric parameters of the propeller, achieving the optimal solutions which are compared with that
by particle swarm optimization (PSO) algorithm of ISIGHT. [ Results ] The results indicate that the sensitive
derivatives caluculated via the adjoint method are not only in good agreement with that by traditional method,
but also offers much higher computation efficiency, generating optimal solutions of the propeller design super-
ior to that by PSO algorithm with less time-consumption. [ Conclusions ] The research shows that the compu-
tation efficiency of the adjoint method is superior to traditional intelligent algorithms in multi-parameters op-
timization design of ship propellers.

Key words: ship propeller; optimization design; adjoint method; surface panel method
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Fig. 1 Sensitive derivative comparison of pitch ratio and camber ratio of DTMB 4381 propeller

Ab B, BR T A SOOI ST B R, T GO PR DR A 4R
o dE— 2o LA, R R TS A U R O
5 R X Ag5 x BOEUE#EAT OIS, W AE
— 5 VI Bl AP A (% 22, AT 3330 45 2R 5
R E , R LA 2B 00 A S PR . T A% G807 Tk
FU AR TUAA] A2 4 e, SR BT B AR LA 2
O BURAE R 2E o X O BT A T S
], A SCH R AP R IR 10 AN AR ) 7 BTN 5, A
B8 7 125 B0 AR B 5 I T 24 S A SR A O 12
(9 17100 Pk, PERETT ¥ BORCR AU I 8, JEH
TR A A HYARDL, T ] 2 R D

3 BRI
PR TR0 i U T B e H 2 0 0

T2 B T, A Al SRR T B R 4R 2 LA =
B R E M R R IR A R O R . MR RR ST [18]
1) 12 i€ 2% HGO1 fE 2y WF 5% % %, Sk [18] JEF
ISIGHT V- 15, 54 SE g0 117 v ROk FF 5 %
W AT T AT, Bt ad B R R N
A, 4 e R 2 ) SR RN e K B R . AR
T SERT I BB e 2 R A T BB R A3, TR SR [18]
S AR 2B L R BES L, A T X LA AT, A SC
UGB HE L R e L b AT O AL . SR S BT 5 45
W 2 iR

M 2 BT LA, BRI F AR 2 A, X e
AENHHE 7 L L 1 5 R AR R T R AR
14 5% W 280 SR S R 0/ o AR B A, HE
SO U TE 2 i 70 L I B0 1) 52 i R SR 1
BT O oo B T AR A R e R £ AR DG Y, HE



51 TS TR 2 U g DAk it 39
0.08 | 0.70
0.07 |
0.56
0.06 -
2005} Coal
& <
S 0.04 | =
> = 028
S 0.03 £
0.02 L 0.14
0.01 | . ol
02 03 04 05 06 07 08 09 1.0 02 03 04 05 06 07 08 09
r/R r/R
(a) dK/d(P/D) (b) dK+/d( £/ C)
0.14 | L2f
0.12 - 1.0 -
. 0.10 + &)
a s 0.8
X A <
=1 0-08 T 06
£0.06 | 54
E < oal
T 0.04 | =
0.02} 02}
0Fr 0F
02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09 1.0
7/R /R
(¢) d(10K)/d(P/D) (d) d(10K)/d( f1a/ €)
0.5
0 L
0.4
a —0.01 g_{ 03
S o
3 =2
§ 202F
-0.02 - ~
0.1
003 i j . : . ; i 0k . i . ’ i ; i i
02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09
/R /IR
(e) dny/d(P/D) () dny/d( fu/ C)

K2 HGOI1 3izm S HigUse 3 Hont b

Fig. 2 Comparison of sensitive derivative of HGO1 propeller's radial parameters
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