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Study on Matching Design of Ship Engine and Propeller Based on Improved Moth-Flame
Optimization Algorithm

CHEN Zhenlin, LUO Liang,ZHENG Long,]JI Shengchen and CHEN Shunhuai

School of Naval Architecture,Ocean and Energy Power Engineering, Wuhan University of Technology, Wuhan 430063, China
Key Laboratory of High Performance Marine Technology, Ministry of Education, Wuhan 430063, China

Abstract This paper develops an improved moth-flame optimization(IMFQO) algorithm for the ship propeller-matching problem,
which comprehensively considers propeller efficiency,cavitation,and strength for two existing ships as calculation examples. Ge-
netic algorithm(GA) and the original moth-flame optimization(MFO) algorithm are used as comparison algorithms to analyze the
performance of the IMFO-assisted propeller-matching task. Numerical experiment results show that the convergence time of the
IMFO algorithm in solving the propeller-matching problem is reduced by 44. 24 % and 54. 14 % compared to the GA algorithm in
the two examples,and by 23. 9% and 23.12% compared to the MFO algorithm, respectively. In addition.in terms of solution ac-
curacy,the IMFO algorithm is slightly better than the GA and MFO algorithms in calculation example 1. In calculation example
2, the IMFO algorithm is improved by 3. 66 % compared to the GA algorithm and by 0. 98% compared to the MFO algorithm. Fi-
nally, by visualizing the feasible solution space of the two examples,the performance of the IMFO algorithm is further discussed.
The above results demonstrate that the IMFO algorithm has strong global search capability and is competitive and robust in sol-
ving the propeller-matching problem.

Keywords Improved moth-flame optimization algorithm,Optimized design,Swarm intelligence optimization algorithm, Matching

of ship engine and propeller, Marinepropeller
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B O B m 4.50
AR D m 1.50
iR CF e K T m 0.75
HRHEAE A t 39. 844
£y 3% @ Z A 2
E2CE NS 373 Zp m 0.30
e K AR — — Cu3 # 4 # 4

Zoah Dt LTI Oz K B S A R SR 6 K
PR 1T 7R A 0 U B A R o ok 7 T
H 6N AR KB 5 AR
Table 6 Draft resistance and effective power of small cargo ship

with full load

Vs /kn 1/2 M A /kef 1/2EHP/hp
3.0 23.90 0. 544
4.0 41.70 1. 088
5.0 69. 20 2.312
6.0 112.90 4.624
7.0 168. 20 8.024
8.0 247. 80 13. 600
9.0 356. 80 22.032
400
. —— 8 77 (kgf) >
—e— EHP(hp) /
g 300 7
2 =0 A
2
& 200
2 150 /
Jent
& 100 //
50
0-/ — g
0
3 4 5 6 7 8 9

Vs/kn

BT /NGRS BE D R A 20 5 il £k

Fig. 11 Resistance and effective power curves of small cargo ship
T NELGE AT O D AR A A S
Table 7 Thrust derating and wake fraction for small cargo ship
EXS #HE
1 R A 0.1
P2 & 0.15

R AR T 26 56 Ko I8 e 3% 1 WK o B SR A 28 S B0 L 1)
FE BT A S 119 I S R R

D&E[0.4,0.8],Ax/A,€[0.4,1.0],P/D€E[0.6,1.4]

GA B3 \MFO 83 H IMFO B 12 3R 1% 0] 85 1% 3% 4% 3
BuE 12 i,

060 T Y T
! ] ]
| T
059 77# == IMFO MIFO GA
X:121 X:159 X:217 ’>—GA

058 :0594260] [¥:0.594 25911 ¥:0.594 257
- ] T T ===MFO
) L
® osr k- IMFO
x
056
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HRAK
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Fig. 12 Comparison chart of iterative process of three algorithms

in example 1
3 FhARVE MR T A A R AT N 3% 8 BT,
F 8 HH 1 BRI AL RN

Table 8 Comparison of design and calculation results in example 1

o Ex GA MFO IMFO
HAZ/m 0.5546 0.5546 0.5546
#% W 0.4281 0.4281 0.4281
[ 9972 0.8000 0.8000 0.8000

e R 0.5943 0.5943 0.5943

#* ROk 217 159 121
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Table 9 Comparison of operation effect of IMFO algorithm and other
two algorithms in example 1
%)

LTS3 & F R A
GA 44. 24
MFO 23.9

B 8 ek o AT, B 1 o M RIS 44 T IMFO
BRI IR S DI AN RN R 22 R K, IMFO B3R 1E
EEERITEAE L GABERWA T 14, 24% .46 1 MFO 8%
WAHET 23. 9% KB B E], 3 IMFO 83k (19328 B30 B 8
T GA Bk A MFO H%,

3.3 HERGI2

TEAZ BRG] v DAL v TR B A O i Tk G AT R e 2 A Ak 1K

TR BT IZAE I B RS MO S n 3 10 751,
F10 RIS I U LA B
Table 10 Main dimensions and other relevant parameters of

medium-sized cargo ship

At A 5 8 i AL HE
% [ K Loa m 54. 80
A% B m 11. 60
A R D m 3. 80
T ok T m 2.50
R AR A t 875. 00
Ly &% 4: A AN 2
R NS ] Zp m 1. 50
2 i 2 A R — — Cu3 # 4 F 4%

Zead I T AR K B B R E 11 &
B 13 FIrzR » #7080 K A O 4 B 2= 12 Bl

F 11 ARG R K B S A
Table 11  Full load draft resistance and effective power of

medium-sized cargo ship

Vs/kn M 7 /kef EHP/hp
10. 80 5417 401. 2
12.42 8249 703.12
14.04 12262 1180.48
15.12 15220 1578.96
16. 20 19457 2162. 40
17.28 826347 3122.56
30000
7000 p 3 BAGeD ]
20000 L2 EHP(hp)

EPH & Resistance

1080 1242 1404 1512 1620 1728
Vs/kn

P13 BB A RE ) AT A Rt 2%
Fig. 13 Resistance and effective power curves of medium-sized

cargo ship

12 T RLBE I A4 HE S UeUA B AT I 4 A
Table 12 Thrust deduction and wake fraction of medium-sized

cargo ship

% E
3 A1 B 0.03
2 B 0.03

R RE P MFO B k5 GA Bk xf b, W%t
25 05 I MR 3B K M B SR A R S R0 B L 15 e R AR i

1) HUAA 3 B
D&E[1.5.,2.5].Ax /A, €[0.45.1.05].P/D€E€[0.6,1.4]
GA B¥E \MFO 55 H IMFO 52 85 3R i 1% 18] 380 1 2648 32
FEUNE 14 FFR .

0640

Ly Esies
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0610 ff-f - d-mm e e
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0600
0
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P14 S 2 vh 3 R Rk AR AR L
Fig. 14 Comparison chart of iterative process of three algorithms

in example 2
3R AT A R gk 13 RISk 14 FRE,
13 B 2 BT AR T I

Table 13 Comparison of design and calculation results in example 2

X GA MFO IMFO
HAZ/m 2.0388 1.8784 2.0840
T 0.7920 0.7934 0.5631
2 0.9610 1.0000 0. 8000

3 33 & 0.6155 0.6318 0.6380

#% KK 290 173 133

F 14 FH] 2IMFO 5545 53 WA 308 B ACHR T T
Table 14  Comparison of operation effect of IMFO algorithm and

other two algorithms in example 2

0

MwHE  BEFHERS  EERERA
GA 44. 24 3.66
MFO 23.9 0.98

S 2 IMFO 53335 76328 50KE B 7 1l B8 MFO 57k
FT 0.98% .8 GA B4R FAT 3. 665, 7EE AT,
IMFO B 5 MFO 78 T 23. 12% BB B A 5 GA WA T
54. 14 %0 W93z B E], LA HER Y IMFO 53k Bk & fFis
K BE J7 T8 2 38 B[R] 75 AR B AR T MFO Hil GA 8%,

4 BEHISH

4.1 IMFO &R EPETHEMITERGSH
AR S S B % 1 B3 3 Ry T 3 s A B S o ) B Ak B L
J7 51 04 R A TR ok B R AREA E R itE . it — b e
TR AR SC Bl o B A A sk L X T AR T Sobol 31 91 B 4k
Wﬁiﬁjﬁﬂﬁ MFO B 5k, DL R AR 1 ok 15 M A 19 MFO 57
X R AR A 1 R 2 b BSR RERE TR S Y
FEE 3 3 AT S BOM R SR M 25 S A 15 el 16 T .

0640
063 o
—
§ 0630
0625 [
%* -
& 0620
E -
0615 [=
- [~ IMFO% 3%
0610 - HHERE
| Rsoblosiaussty
0605 [+ ; :
0600 5 E 0 B0 20 m0 80

HERAH

P15 B 1 Sk v A A s AR AR X LA
Fig. 15 Comparative diagram of iteration process for intermediate

variant of algorithm in example 1
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Comparative diagram of iteration process for intermediate

Fig. 16

variant of algorithm in example 2

# 15 IMFO 5k 5 55 PRl e ) A48 402 5 45 50 1L
Table 15 Comparison of operation results between IMFO algorithm

and two other intermediate variants

LS ¥ 61 a2

IMFO % 3 0.5943 0.6380

X% A Sobol FF 71 1 44 b # ##
fi B ¥ MFO % %

KOH BB MR E W MFO & %

0.5887 0.6287

0.5902 0.6172
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Fig. 17 Solution space of example 1
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