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Interactions and influence factors of a NACA0018 sail array
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(1. Green & Smart River—Sea—Going Ship, Cruise and Yacht Research Center, Wuhan University of Technology,
Wuhan 430063, China; 2. Hainan Institute of Wuhan University of Technology, Sanya 572024, China)

Abstract: Sail-assisted navigation is one of the effective ways to reduce carbon dioxide emissions in ship in-
dustry. In this study, a sail array consisting of six hard sails with a cross section of NACA0O018 airfoil was de-
signed. The lift and resistance of each sail were analyzed by numerical simulation under three conditions: up-
wind, crosswind and downwind. By comparing with the single sail case, the law of inter—sail interference on
sail propulsion performance was explored. The confidence level of several independent geometric parameters
on the propulsion performance of the sail array was evaluated by combining the experimental design method
with ANOVA. The results show that the significance level of the independent parameters is highly dependent
on the apparent wind direction. By changing sail layout and using non—uniform angle of attack, the propul-
sion performance can be better than that of single attack angle. This study is helpful to find the main parame-
ters affecting the thrust performance of a multi—sail propulsion system and support for its global manipulation.
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Tab.6 ANOVA analysis for C, and C,, in the condition of upwind 45°

Cy Cy
ZH F P Sig. F P Sig
F1 W13 0.46 0.64 0.08 0.92
F2 W2 B 0.26 0.78 2.86  0.08 *
F3 WAL 3 T £ 1738 22E-05 *=* 007 094
F4 WA, 4 T4 £ 0.22 0.80 1.09 035
F5 WL 5 T £ 0.23 0.80 278 008  *
F6 W, 6 T £ 0.25 0.78 235 0.12
F7 NS EEI @R m ) 0.88 0.43 346 005 @ *x
F8 WAL ) B Cy P ) 0.19 0.83 0.53  0.60

YW - P23 77 L N 45 s P- SRR 5 Sig.— B 7K , e fU R 99% AR L, ++ A3 95% BAFJE , *AH<95%

{H>90% B .

&7 EMR90° TR T C,HC, S HTFE5H
Tab.7 ANOVA analysis for C, and C,, in the condition of crosswind 90°

C, C,
ZH F P Sig. F P Sig.
F1 . 1 34 ff 0.91 0.42 0.64 0.54
F2 WA, 2 24 £ 0.01 0.99 0.03 0.97
F3 .3 B 0.30 0.74 0.17 0.84
F4 .4 B 0.70 0.51 0.95 0.40
F5 .5 B 0.23 0.80 0.43 0.65
F6 .6 B A 0.62 0.54 1.07 0.36
F7 MR i) B o Bl ) 2381 20E-06 #%* 2303 26E-06 ***
F8 WAL TETHE (y S 1) 0.37 0.69 0.38 0.69

Tab.8 ANOVA analysis for C, and C,, in the condition of downwind 135°

=8 MR 135° TR X C,# C, IS EFEH T

C, C,
B8 F P Sig.  F P Sig.
F1 WL 1 2 2.23 0.13 3.53 0.05 ok
F2 L2 2 0.56 0.58 0.08 0.92
F3 WL 3 2 0.35 0.71 4.46 0.02 o
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&k
C, C,
Factors F P Sig. F P Sig.
F4 L4 T 0.58 0.57 0.05 0.95
F5 WA, 5 34 £ 0.40 0.68 0.74 0.49
F6 WA, 6 T4 £ 1.27 0.30 1.51 0.24
F7 AL [ 5 (o Bl 17 ) 0.84 0.44 1.22 0.31

F8 MHLIA]HE (y Sl ) ) 1194 25E-04 #%% 239 0.11

2% 6 AT 1, F3 X C, 10 B A5 BE R 99% , F7 % C, 1 B A5 BE R 95% , 3 Ut B AE M 336 XL 45°15F , 1L 3 9 T
A FILALE & il i) 49 TR IR 52 o B A MR BB A B2 R 3 0 fR 3R 7 AT 41, JE )X 90° B, WRLAE w Jilt i) 119 ] B
(F7) /250 C, 7 C, WME— PR 3, A, SR I BT L~ 5 %6 42, 3850 o b ] 18 WAL 1] BE A 1) Tk
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Fig.12 Comparison of thrust performance between the case in DOE and the basic case
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MtRA L,3)EXFE

L,,(3%) B IEACER AL N3 A1 s, R A9 1.2 1 3 FRom B a7 IR (FL~F8) AN [A] 7K 7 Hit
{8, TEIZR RIS P, BT B AKX B0 A OO ]
FAL L,MIELZFR
Tab.A The orthogonal array for the L,,(3%

Run F1 F2 F3 F4 F5 Fo6 F7 F8
1 1 1 1 1 1 1 1 1
2 1 1 1 1 2 2 2 2
3 1 1 1 1 3 3 3 3
4 1 2 2 2 1 1 1 2
5 1 2 2 2 2 2 2 3
6 1 2 2 2 3 3 3 1
7 1 3 3 3 1 1 1 3
8 1 3 3 3 2 2 2 1
9 1 3 3 3 3 3 3 2
10 2 1 2 3 1 2 3 1
11 2 1 2 3 2 3 1 2
12 2 1 2 3 3 1 2 3
13 2 2 3 1 1 2 3 2
14 2 2 3 1 2 3 1 3
15 2 2 3 1 3 1 2 1
16 2 3 1 2 1 2 3 3
17 2 3 1 2 2 3 1 1
18 2 3 1 2 3 1 2 2
19 3 1 3 2 1 3 2 1
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