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Aerodynamic Characteristics and Shape Optimization of Airfoils in WIG Craft
Considered Ground Effect
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Abstract

Shape optimization of airfoil in WIG craft has been performed by considering the ground effect. The WIG
craft should satisfy various aerodynamic characteristics such as lift, lift to drag ratio, and static height stability.
However, they show a strong trade-off phenomenon so that it is difficult to satisfy aerodynamic properties
simultaneously. Optimization is carried out through the multi-objective genetic algorithm. A multi-objective
optimization means that each objective is considered separately instead of weighting. Due to the trade-off,
pareto sets and non-dominated solutions can be obtained instead of the unique solution. NACA0015 airfoil is
considered as a baseline model, shapes of airfoil are parameterized and rebuilt with four-Bezier curves. There
are eighteen design variables and three objective functions. The range of design variables and their resolutions
are two primary keys for the successful optimization. By two preliminary optimizations, the variation can be
reduced effectively. After thirty evolutions, the non-dominated pareto individuals of twenty seven are obtained.
Pareto sets are all the set of possible and excellent solution across the design space. At any selections of the
pareto set, these are no better solutions in all design space.
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Table 1 Upper and lower limits of design variables

X; Xt xy X; Xt x{
v, 0.010 0.040 | 0.220 0.400
v, 0.050 0.070 vy 0.550 0.750
V3 0.050 0.065 vg 0.010 0.0250
vy 0.080 0.200 vy 0.800 0.950
Vs 0.075 0.100

Vio -0.040 -0.020 Vs 0.250 0.350
v, -0.070 -0.035 Vis 0.370 0.550
1% 0.035 0.050 V7 -0.010 -0.003
vy | 0100 0200 | ws | 0700  0.850
vy, | 0065  -0.020

Table 2 Parameters for genetic algorithm

Value
Population 30
Generation 30
Cross over rate 0.8
Mutation rate 0.5%
Tournament level 2
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Table 3 Correlation and P-value between variables and
objectives
Variable No. vd vs v6 127)
C Correlation 0.991 0.464 0.692
! P-value 0.000 | 0.000 | 0.000
Correlation 0.897 0.65 0.892
Stab.
P-value 0.000 0.000 0.000
Correlation 0.758 0.88 0.752 0.759
C/Cy
P-value 0.000 0.000 0.000 0.000
ol % <} l o diaides olE W ol9d w
A7k DR BAE /MR Y. g71A, vs &
g9 Zﬂtﬁ—r’iﬂé— el = @4oly, ve 2 A

A 9N, 2eln w1 & gy Aol T
A Jeple wfold oeie Aval BARy
B, o5 W5 gol F7bsh B9 g 3
H) BRAAE fsht BARAL YA @
o vz Zasts 39 AHHAL TobA
¥z pulel s otdgre wATh olH AL
29y 39, 39 3

CECIRERUED 73
BRYES0] A2 73]

A Uk

of dFoixe &Ed FHLH
Aetg o] &t WIG A 939 3 3
Fatgich o] st NACA0OIS 4L 72
gz ol WIG Ao ME AHAAAHE

FEt HEL 48 & e Ay HAMLA g
nz}F stglon], AAWMSE Bezier-F419 18
< A9l Ol Uﬂ qsdsd =
X*?%*ih &g, g3y, AAAAL T AHA
), A7ds s g2 %
NACA0015 &g 3k -‘—":%’ Jozxr
T”ﬂa 7]'11" Q] g o] 737‘ AHoZ2 -EL

n2

ek fé}% e ¢ Rt EZ%?JT{H *1E 3
FHE(trade-off) BAE ©HEH #3A
AHEge A XYy Fd di@ 7}%‘—011—} k3
3 34 glol AE Aujso] AA 2= AHE
AAHNE 4 7 YA oln) ¥ JHE HF

BT ARl - 0.024 BT} Fo} AU =
% ‘1&6}71 WEel ¥ FgHo 210 g
A AFgE AT F AT BT 29

By r[o

WA Y
on] HAI}E FYPgozH o FYL Zoln
AUEE 54 F vt

% 7|
o] EE¥& 2005 3 AR(AFAAX H-‘?‘—)Q\ A
deoz I FATY Ade Lo £¥d
@7 9 (KRF-2005-003-D00007).
PNkl

(1) http://www.se-technology.com/wig/index.php

(2) http://www.imo.org/home.asp

(3) Katsuhiro Kikuchi, Fuminori Motoe and Mitsunori
Yanagizawa, 1997, “Numerical Simulation of the
Ground Effect Using the Boundary Element Method,”
Int. J. For Numerical Methods in Fluids, Vol. 25, pp.
1043~1056.

(4) Yang-Joon Kim and Chang-Yeoul Joh, 2005,
“Aerodynamic Design Optimization of Airfoils for
WIG Craft Using Response Surface Method,” J. of
KASA(Korean), Vol. 33, No. 5, pp. 18~27.

(5) Juhee Lee, Sanghwan Lee and Kyoungwoo Park,
2005, “Global Shape Optimization of Airfoil Using
Multi-objective Genetic Algorithm,” Trans. of the
KSME(B), Vol. 29 , No. 10, pp. 1163~1171.

(6) Poloni, A. C., Giurgevich, A., Onesti, L. and
Pediroda, V., 1999, “Hybridization of a Multi-
Objective Genetic Algorithm, a Neural Network and a
Classical Optimizer for a Complex Design Problem in
Fluid Dynamics,” Dipartimento di Energetica
Universita di Trieste, Italy.

(7) Goldberg, D., 1989, Genetic Algorithms in Search,
Optimization and Machine Learning, Addition-Wesley.

(8) Schaffer, J.D., Caruana, R.A., Eshelman L.J. and
Das R., 1988, “A Study of Control Parameters
Affecting Online Performance of Genetic Algorithms
for Function Optimization,” Proc. 3rd Int. Conf. On
Genetic Algorithms.

(9) STAR-CD v3.15 Methodology, 2001, Computational
Dynamics, Co., London. U. K.

(10) Eastman N. Jacobs and Albert Sherman, 1937,
Airfoil Section Characteristics as Affected by Variation
of the Reynolds Number, NACA TR-586.

(11) Ranzenbach, R. and Barlow, J. B., Dec., 1994,
“Two-Dimensional Airfoil in Ground Effect, An
Experimental and Computaional Study,” GL.M Wind
Tunnel, Vol. 1, Issue 287, pp. 241~250.

(12) Irodov, R. D., 1970, “Criteria of Logitudianl
Stability of Ekranoplan,” Ucheniye Zapiski TSAGI, Vol.
1, No. 4.

(13) Staufenbiel, R. W., 1987, “On the Design of Stable
Ram Wing Vehicles,” The Royal Aeronautical Society
Symposium Proc., pp. 110~136.

(14) Dejong, K. A., 1975, An Analysis of the Behavior
of a Class of Genetic Adaptive Systems, Doctoral
Thesis, Department of Computer and Communication
Sciences, University of Michigan, Ann Arbor.



