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Abstract: [ Objectives | This study seeks to optimize the total resistance and seakeeping performance of
ships sailing in waves by adding appendages and changing their size. [ Methods | First, numerical calcula-
tions are performed on a KCS ship with two anti-pitching fins and a stern flap, and both kinds of appendage
separately, to study the effects of the appendages on the hull. Second, thirty KCS ships with deformed append-
ages are obtained by changing the width of the anti-pitch fins and the length of the stern flap. The in-house vis-
cous flow solver naoe-FOAM-SJTU is used for the calculations. Third, a Kriging surrogate model is estab-
lished and applied to a multi-objective genetic algorithm to obtain the Pareto front of the hull with optimal ap-
pendages. Three KCS ships with optimal appendages are selected from the Pareto front for further analysis.

[ Results ] By adding appendages to a KCS ship, the pitch magnitude and average total resistance in an en-
counter period are reduced by about 12.7% and 12.5% respectively. [ Conclusions ] The resistance and pitch
magnitude of a KCS ship in head waves can be optimized by adding appendages such as anti-pitch fins and
stern flaps, and changing their principal dimensions.
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Table 1 Main parameters of the KCS model
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Table 2 Magnitude of heave and pitch in different cases
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Fig. 1 Experimental fluid dynamics results of heave and pitch
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Table 3 Result comparison between CFD and EFD
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Fig. 5 Hull motion in an encounter period
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Fig. 6 Wave-making of hull in an encounter period
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Table 4 Comparison of hydrodynamic performance between ship Org and KCS ships with different appendages
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Fig. 11 = Comparison of wave-making variation caused by stern flap
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Fig. 13 Distribution of 30 groups of variables
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Table 6 Resistance and pitch magnitude of each sample ship

B 14 Pareto HiVY

Fig. 14 Pareto front line

R7T IRERENEHEEE

A R SN IAFRIRAE/°) Table 7 The corresponding variables of three sample ships
1 40.100 4.035 e 5 @ B
2 40.976 4.060 Hull 1 1.319 0.966
__________________ Hull 2 1.320 1.064
29 38.355 3.994 Hull 3 1.400 1.100
30 40.500 4.018
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H bR eREK, £ S AHE I B 1 1) B bR
MR BE B3 AL A BHATE 2K, 1 H A
B % % FKCS M Lo B e T 3 Fh B AR
KCS #43-913C 4 Hull 1, Hull 2 F1 Hull 3, H:4% H 1
B A AH X 5 G B A 1 A B 7 TR ol
3 M8 FEAS A 7 Pareto Wi WY 940 A0 07 B, T T R
Hull 1 9 20 5% i {8 B 4, Hull 3 59 BH 7 1 B e 1,
11T Hull 2 (9 9058 8 {6 5 B PR RE AL FR FE A T 0
F 2z, AT AL Pareto BT A MERA Y, X Hull 1,
Hull 2, Hull 3 73 5 47 BB H5, 15 2 7 HH )
K45 08 A, 3T 5 Pareto B 9 #2L4 BF 454 Hull 1,
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Table 8 Validation of resistance and pitch magnitude of sample ships

e = HfEM AN CFDi 5 /1N FH 3R 2 /% HAEW A A/ ) CFDiH5ARE/(°) YPRRIRE%
Hull 1 38.337 39.325 2.51 4.003 3.994 0.232
Hull 2 39.094 39.737 1.62 3.991 3.983 0.37
Hull 3 40.282 40.631 0.86 3.962 3.963 0.01
®9 HAMEREAR Org HyERERT L
Table 9 Comparison of hydrodynamic performance between sample ships and ship Org

= SN SRR % HAPEIRAE/(°) PR ALIRAL % R RHMA/(°) TR KRR A /()

Org 44.934 - 4.540 - 2.265 -2.275
Hull 1 39.325 12.483 3.994 12.026 1.783 -2.211
Hull 2 39.737 11.566 3.983 12.269 1.851 —2.132
Hull 3 40.631 9.576 3.963 12.709 1.832 -2.131
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