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ORANIT TRAISAK : STUDY OF AIRFOIL SHAPE OPTIMIZATION BY
USING THE EVOLUTONARY METHOD. THESIS ADVISOR : TEETUT

DOLWICHAL, Ph.D., 78 PP.

AIRFOIL/EVOLUTIONARY METHOD/PARTICLE SWARM OPTIMIZATION

Wing is important part of aircraft to float in the air. The cross-section of wing
is called in general as airfoil. The improvement of wing efficiency can be made in the
order of increase of lift at the same angle of attack (AoA) or decreasing wing drag.
According to preview research about airfoil shape evaluation and wing efficiency
improvement, there are use the Computer Fluid Dynamic (CFD) to approximate the
lift and drag coefficient in the form of Cjand Cqrespectively that used to find the
optimum shape. The evolutionary method is used to decrease time for the step of
shape optimization, such as Genetic Algorithm (GA), Particle Swarm Optimization
(PSO). Both optimization technique are non-derivative methods which reduce
calculation step. The objective work are study the evolutionary method to find the
optimum shape of the NACA2412 airfoil that is the Cessna 172R at 2 AoA. The
objective function' is -maximize the lift to drag ratio.~It-used to compare with
experimental of wind tunnel with incompressible flow and airspeed with 36 m/s. The
first work procedure use commercial program (Matlab) to program airfoil shape
optimization ¢ode combine with airflow simulation through the airfoil by the Xfoil
program. The second work procedure are creation of standard airfoil and optimum
airfoil which get from the first procedure. The wind tunnel test of both airfoil are used
to compare the aerodynamic value. The results of the first part which used PSO to

find out the optimum airfoil shape that use 50 populations and 60 loops of calculation.



The L/D ratio increase for 52.23%. The second part which used the L/D ratio of the

standard and optimum airfoil are conform to the simulation of the first part.
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5 02276 | 0.1250 | 02500 | 0.2004 | 0.1250 | 0.1250 | 0.1250 | 0.2021 | 0.2500 | 0.1250
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mﬂﬂﬁ“ri‘Wg“lJiNmﬁmszﬂQQIﬂﬂlﬁuﬂuﬂﬂWMM 10 ALagINNIUNAE 10 A1
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Tumlsenng
o 4 10 20 30 40 50
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1 0.0001 0.0001 0.0001 0.0001 0.0001
2 0.0780 0.0780 0.0780 0.0780 0.0780
3 0.4979 0.5338 0.4976 0.4976 0.4974
4 0.6289 0.6322 0.6288 0.6268 0.6268
5 0.1250 0.1330 0.1250 0.1250 0.1250
6 0.0800 0.0760 0.0800 0.0800 0.0800
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40 populatans.
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1. yamdavaniulysunsu Matlab

function PSO
close all;clear all;clc;
fun="xfoilgen3';
nloop=50;
nsol=60;
nvar=7; %Adjust nvar=6
rand ('state',sum(100*clock)) ;
Wst = 0.5;%Starting inertia weight
Wen = 0.01;%Ending inertia weight
Cl = 2;%cognitive learning factor
C2 = 2;%social learning factor
[pop0,£f0,g0] = soearsminitial (fun,nsol,nvar); SRSM initialisation
[p_leader,f leader,g leader]=pso selection (pop0,£f0,g0,[],[]1,[]1);
VelO=zeros (size (pop0));% initial velocities of the initial population
loopO0
pbbest=pop0; fbest=£f0;% initial personal best of popli
3%%%%%%%% Start MOPSO search %%%%%%%%
tic
iter = 0;
figure(l),clft
while iter < nloop
iter = iter+l1l
Wi=Wst+ ((Wen-Wst) /nloop) *iter;
for i=1l:nsol
% selecting p leader randomly from the external archive
popi=pop0(:,1);
pbesti=pbest (:,1);
% update particls' velocities
Vell(:,1)=Wi*VelO(:,1)+Cl*rand* (pbesti-
popi)+C2*rand* (p_leader-popi);
% update particles
popl(:,1i)=max (0, min(1,pop0(:,1)+Vell(:,1)));
% function evaluation
[f1(:,1),g9l(:,1i)]1=feval (fun,popl(:,1));

% update personal best
if f1(i)< fbest(i);
pbest (:,1)=popl(:,1);
fbest(i)=£f1(i);
end
end
% selection

[p_leader,f leader,g leader]=pso_ selection(popl, fl,gl,p leader,f lead
er,g leader);

|
-
o~

.037;C=0.0001;
.032;F=0.078;
.4;H=0.78;
.4;B=0.78;
.125;3=0.25;
.05;N=0.08;
0=-0.04;P=-0.025;
P leader(1l,k)=D
P leader(2,k)=E
P leader (3,k)=G
P leader (4,k)=A

ZHTCH)WUWW
oo o ool

) *p_leader (
) *p_leader (
) *p_leader (
A) *p leader (

+(C-
k) =E+ (F-
k) =G+ (H-
k) =A+ (B-

/4
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P leader (5,k)=I+(J-I)*p leader (5,k);
$P leader (6, k)=K+ (L-K) *p leader (6,Xk);
P leader (6, k) =M+ (N-M) *p leader (6,Kk) ;
P leader (7,k)=0+(P-0) *p leader(7,k);

popO=popl; f0=f1;g0=gl;VelO=Vell;

end

P leader

Time=toc
©090009000000000000000000000000000000000000000000000000000000000
OO0OO0OO0OO0OOOOOOODOOOOOODODOOOOOODODOVOODODOODODOOODODOODODOOODODOODODOOODODOODOOOODODOODO©O™O
O o

s Sub-programs %
©09009000000000000000000000000000000000000000000000000000000000
O0OO0ODOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOVOOOOOOOOOOOOOOOOODOODOOWOOOOOO™O™O
function [pop0,f0,g0] = soearsminitial (fun,nsol,nvar)

o oo

5 %%Randomly initiate the population, design variables
pop0 = (rand(nvar,nsol));

for i=l:nsol
[f0(:,1),90(:,1)]=feval (fun,popl(:,1));

end

save popO.dat popO0 -ASCII

b 0 000000000000000000000000000060000000006060600606000000000000000000
OO0OOOOOOOODOOODOOOOODOOODOOOOOODOODODOODOOODOOODOODOOODOOODOOOOOODOOOOOOODODOO™D
function

[xbest, fbest, gbest]=pso_selection (x0,£0,g0, xbest, fbest, gbest) ;
x=[xbest x0];

f=[fbest f0];

g=[gbest g0];

[fmin, nmin]=min (£f) ;

kbest=x (:,nmin) ;

fbest=f

:,nmin) ;

(
(:

2. gamdaiisndnlullsunsy Matlab

function [f,gl=xfoilgen2 (pop0)
close all;
delete save.nfo;
delete cp.nfo;
k=1;
D=-0.037;C=0.0001;

.032;F=0.078;
.4;H=0.78;
.4;B=0.78;

> ? =1
o oo

I=0.125;J=0.25;
M=0.05;N=0.08;
0=-0.04;P=-0.025;

pop0 (1, k) =D+ (C-D) *pop0 (1, k) ;
pop0 (2, k) =E+ (F-E) *pop0 (2, k) ;
popO0 (3, k) =G+ (H-G) *pop0 (3, k) ;
popO (4, k) =A+ (B-A) *pop0 (4, k) ;
pop0 (5, k)=I+(J-I)*pop0(5,k);
pop0 (6, k) =M+ (N-M) *pop0 (6, k) ;
pop0 (7, k) =0+ (P-0) *pop0 (7, k) ;
n = 200;
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y = [0 1 popO(3,k) popO0(5,k) O  pop0O(5,k) popO(4,k) 1 0;

0 0 popO(1,k) popO0(7,k) O pop0 (6, k) popO0(2,k) 0 0];
v_y=I[pop0 (1, k) ;pop0 (2, k) ;pop0 (3, k) ;pop0 (4, k) ;pop0 (5, k) ; pop0 (6, k) ; pop0
(7,k)1

sAdjust 0.335 & 0.25 become variable
ntemp = length(y);

x = linspace(0,1,ntemp-2);

pp = spline(x,vy);

yy = ppval (pp, x_dist);

[1,3)=min(yy (2,:)); Sminimum y-lower
x_x=yy(1l,3); $the location of minimum y-lower
[ii,331=max(yy(2,:)); $maximum y-upper
xx=yy(1,33); %the location of maximum y-upper

plot(yy(1l,:),yy(2,:),y(1,2:7),y(2,2:7),'or"), axis equal

plot (yy(1l,:),yy(2,:),y(1,2:7),y(2,2:7), 'OI',X_X,i, 'og',xx,1i, 'og'"),
axis equal

grid on

yy = yy';

save airfoil.dat yy -ASCIT

!run_ scr
fid=fopen('save.nfo');

9

s editing
for gg=1:1:13

line=fgetl (fid) ;
end

if ~ischar(line)
line = '2.000 0.0004 0.02 0.02 -0.0001 0.8596
0.8596"';
end

[data,ncols,errmsg,nxtindex] = sscanf (line, '%f'");
cd=data (3);

cl=data(2);

fclose (fid)

g=0;

f=cd/cl;

f2=1/f

end

3. yaddslumsnauauTisunsu Xfoil

Wscript.Stdout. WriteLine "y"

'Wscript.Sleep 3000

Wscript.Stdout. WriteLine "load C:\Users\ORANIT\Desktop\airfoil.dat"
Wscript.Sleep 3000

'Wscript.Stdout. WriteLine "test airfoil”
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Wscript.Sleep 3000
Wscript.Stdout. WriteLine "pane"
Wscript.Sleep 3000
\Wscript.Stdout. WriteLine "oper"
Wscript.Sleep 3000
Wscript.Stdout. WriteLine "visc"
Wscript.Sleep 3000
Wscript.Stdout. WriteLine "550000"
Wscript.Sleep 3000
Wscript.Stdout. WriteLine "iter"
Wscript.Sleep 3000
Wscript.Stdout. WriteLine "250"
Wscript.Sleep 3000
(Wscript.Stdout. WriteLine "pacc"
Wscript.Sleep 3000
Wscript.Stdout. WriteLine "save.nfo"
Wscript.Sleep 3000
\Wscript.Stdout. WriteLine ""
Wscript.Sleep 3000
\Wscript.Stdout. WriteLine "alfa2"
Wscript.Sleep 3000
\Wscript.Stdout. WriteLine "cpwr"
Wscript.Sleep 3000
Wscript.Stdout. WriteLine "cp.nfo"
Wscript.Sleep 3000
\Wscript.Stdout. WriteLine ""
Wscript.Sleep 3000
Wscript.Stdout. WriteLine "quit"

Wscript.Sleep 3000
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M13197 0.1 Toyazi 3.20 ANUAURAMUIA1 9 DULWLEINATY NACA0012 yuilzne

AN 9
AN AUAYU (cm H,0)
3102 -4 2 0 2 4
1 8.1 9.6 10.8 12.4 14.4
2 8.7 9.4 10.2 10.6 11.4
3 6.6 7.6 8.6 9.2 10.2
4 7.7 8.1 8.4 8.4 8.7
5 74 7.5 7.8 7.6 7.9
6 0.4 -0.1 0 0.2 0.5
7 3.1 2.6 2.3 2.0 1.4
8 2.9 2.8 2.8 2.7 2.5
9 1.0 1.0 0.8 0.8 0.6
10 0.8 0.7 0.6 0.4 0.3
11 0.6 0.4 0.1 0 0.2




A9 9.2 ToYAANUAUNA NI ] DULHUDINAFU NACA2412 Nynilznzan o
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AU ANAY (cm H,0)
32 -4 -2 0 2 4
1 2.5 2.5 2.5 2.5 2.5
2 10.1 10.4 10.7 12.3 12.3
3 10.8 11.3 11.6 14.8 15.5
4 9.3 10.2 10.7 15.2 16.4
5 7.6 8.3 9.8 14.2 16.3
6 5.6 6.6 9.4 13.6 16.2
7 3.4 46 9.5 13.8 17
8 -0.5 -0.8 -0.8 3.6 8
9 20.0 17.5 8.3 8.7 52
10 13.5 12.2 8.5 8.8 6.8
11 11.6 11.0 8.3 10 8.2
12 8.1 7.5 7.2 8.3 7
13 8.0 7.6 7.0 8.4 7.2
14 5.9 5.7 5.6 9 8.6




M13197 0.3 Yoyagii 4.9-317 4.13 ANwAURS LA 9 DUINLEINIATY NACA2412

o 4 A .
nnzaunganyulznzaig g

AN AUAYU (cm H,0)
3102 -4 2 0 2 4
1 8.0 8.0 7.8 8.0 8.0
2 11.2 11.6 11.8 12.0 12.0
3 11.0 11.6 12.2 13.0 13.2
4 10.7 11.4 12.3 13.2 14.0
5 10.4 113 12.4 13.4 14.3
6 10.0 9.8 11.0 12.4 13.6
7 9.2 11.0 12.8 15.0 16.7
8 0.7 2.0 4.0 6.8 7.2
9 16.0 17.1 15.0 11.6 9.3
10 10.5 10.3 11.2 7.8 6.8
11 11.2 9.3 8.6 7.8 7.0
12 10.0 8.0 7.5 6.8 6.2
13 9.5 7.4 7.0 6.5 6.0
14 8.6 8.0 7.8 7.6 7.3
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Abstract. Nowadays, Airfoil shape optimization are developed by many researchers. Especially,
evolutionary method is taken to find out the shape of airfoil. The main objective work is finding the
shape of airfoil that get the aerodynamic properties which good for lift and drag of the aircraft wing.
PSO is the evolutionary method that used for this work. The work are combination between the CFD
analysis as Reynolds number 550,000 and optimization technique to get the airfoil shape that
maximum lift to drag ratio. The result is compared with the standard NACA 2412 airfoil. The
optimization airfoil has improved lift to drag ratio compared to the standard NACA 2412 airfoil for
53.22%.

Introduction

The flying is wonderful thing for the human in the past, but nowadays, Aircraft wing is important
part which generate the lift force for lift the aircraft up, at the same time, Thrust from aircraft engine
induce the drag force which resist forward movement of aircraft. The vertical movement of aircraft
can be occurred by the magnitude of lift are greater than its weight. The forward movement can be
occurred by the magnitude of thrust are greater than the drag force.

Airfoil is the cross-section of aircraft wing. The shape optimization of the airfoil has 2 methods:
First is called as Inverse Design (ID), It’s target specification then created airfoil for successful. And
second is called as Direct Numerical Optimization (DNO), It’s geometry creative for improve
aerodynamic performance. [1] There are many researchers to find out the optimum its shape under
the lift force only. [2] The couple of lift and drag forces for used to optimization the shape has not
presented. There are two points of the objective, maximum value of lift and minimum value of drag,
so the problem become to bi-objective optimization problem. [6] The combination of both force can
be called as lift to drag ratio (L/D). Therefore, the problem will be the single objective which is
maximize the L/D.

Particle Swarm Optimization (PSO) is one of evolutionary method that popular for non-derivative
optimization problems, understand easily and simple step when compared with another method. [3]
The work used PSO procedure to combine with CFD analysis which used Xfoil program to find out
the L/D of the randomized airfoil variables.

Airfoil shape optimization

Airfoil shape profile. The airfoil profile can be generated by setting the point variables and make
it continuously by using the spline interpolation. The NACA2412 airfoil shape is created by using the
seven points as shown in the Fig. 1. The four points at the lower and upper part of airfoil are assigned
as the seven of design variables. The leading and tailing edge are fixed in the same y direction that
equal to zero and x direction are assigned equal one and zero, respectively. The spline interpolation is

Copyright © 2016, the Authors. Published by Atlantis Press.
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constructed as the cubic spline which good continuously curve, because of it is the second derivative
of the line slope which are drawn between all nodes. Its equation shows as Eq. 1

S, =a,+b;(xr=x )+, (x=x)) +d,(x-x))’ 0

Where; OS an—l ’ Sj(x) f(xj,xj

b..c. " .
The %°%i°Ciand 4 are constant coefficient.

is spline o =D , ' is number of spline line, and

Figure 1. The position of the points to create the airfoil shape.

Aerodynamic parameters. The lift parameter is calculated for the small Angle of Attack (AoA).
It can be evaluated the pressure distribution around airfoil by using the panel method. The airfoil is
divided as the lines chord that is called as the panel. For example for ~ panels, we must be had ~ +1
points as shown in Fig. 2

2= N=2
Parel ./ b
7/’/—-’\:
/4
e A

Figure 2. Nodes and panels.

The node number is numbered form the trailing edge forward along the lower airfoil surface to the
leading edge and turn back to the upper airfoil surface until reach the starting node. The pressure of
each panels are calculated by considering the air flow around the midpoint of individual panel [3].
The pressure coefficient C, for each panel is calculated by Eq. 2, it shows that the pressure
distribution along the surface of the airfoil. In addition, it can be used to computed the lift coefficient
CL by integrating the trapezoidal area pressure distribution.

Cp(xr"yi):l_(vrz /va) (2)
Where V, is tangential velocity

V, is free-stream velocity

Drag coefficient can be calculated by using Eq. 3

Cuz%UﬁCr(l—U_\) (©)

Where C, is skin-friction coefficient
C, is shear stress coefficient
U, is an equivalent normalized wall slip velocity
Lift force Land drag force D can be calculated from Eq. 4 and Eq. 5, respectively.

L:%CL Ve ©)

110




75

[

ATLANTIS
PRESS Advances in Engineering Research, volume 90
1 2 5
D= ECDpV ¢ ®)
So that, the lift to drag ratio L/D can be shown as Eq. 6.
L S (6)
D C,

Particle Swarm Optimization. Particle Swarm Optimization (PSO) is randomlized technique for
seek the solution of the optimization problems. It is developed by Dr.Eberhart and Dr.Kennedy in
1995. They are inspired by social behavior of bird flocking or fish schooling which find close to the
food. The bird flocking is called as the particle [4,5]. Each particle consists of the velocity and its
position as shown in Eq. 7 and Eq. 8, respectively. The food implied as the objective function. For
each calculating iteration, the velocity and position can be updated for i particle in individual &
iteration

Vilk)=W vi(k-1)+Ciri(pfe=- xi(k-1)y+ Cara(g?%*- xi(k-1)) ™
xi(k)= xi(k-1)+ vi(k) ®)

Where  xi(k) is position of particle at i-th and iteration number k
vi(k) s velocity of particle at i-th and iteration number k
14 is inertia weight factor
Ci is scaling learning factor cognitive
C>  isscaling learning factor social

P2 is personal best of each particle

g7° is global best of solution in the swarm

The procedure step to find the airfoil shape optimization are shown in Fig. 3.

/ Initialization k=0, xit), vitk), pi=, & /

A

Find vik+1) and x«k+1) from equation (7) and (8) ¢

A 4

Find fixid+1)

( )

Figure 3. Particle Swarm Optimization precedures.

Optimization procedure

The optimization works consist of two part, the first is CFD analysis which worked in Xfoil program
to find out the L/D, it simulated as subsonic with compressible flow with 550,000 Reynold number.
The second is combination the PSO to select the optimum airfoil shape. All of parameters for the two
part are shown in Table 1. and Table 2.

111




76

[

ATLANTIS
PRESS Advances in Engineering Research, volume 90

Table 1. CFD analysis parameters

Angle of attack 2 degree
Flow constrain - Subsonic and incompressible
- Reynold number 550,000
Geometric - Max thickness must be less than 12% chord length
End of trailing edge is zero.
Aerodynamic constrain | Lift to drag ratio not less than original.

Table 2. Optimization parameters

Particle (population) | 10, 20, 30, 40, 50, 60, 70, 80, 90 &100
Iteration 10, 20, 30, 40, 50, 60
C1&Cy 2
Objective Maximum lift to drag ratio (L/D)

The combination of the two parts are presented as shown in Fig. 4. It starts from initiation of design
the seven of design variable with randomize to create the airfoil. The next step is flow analysis with
the Xfoil program to find out the L/D, after that evaluate optimum airfoil shape by using PSO until

we get the best value of L/D.

Y e Na
/

Yes

Optimized airfoil

Figure 4. Step to find the optimum airfoil shape.

Result and discussion

According to the Fig.5, the comparison of the optimized airfoil (blue line) with the standard NACA
2412 airfoil (black line) that is bigger and the trailing edge region has more curved up instant of the
same chord length that equal to 1. These shape effected to the pressure distribution on the lower and
upper of the airfoil as shown as Fig. 6(a). and Fig. 6(b). The optimized shape has more under curved
area of the pressure distribution than standard airfoil which it effected to lift to drag ratio of greater
than too (82.22:54.01). The PSO is used to get the optimized shape with 60 populations and 50
iterations. The modelling with inviscid flow (dashed lines) and viscous flow (continuous line) are
slightly not different.
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Figure 5. Original NACA 2412 airfoil versus optimized airfoil.
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Figure 6. Pressure distribution and other value of optimized airfoil (a) and original airfoil (b)

Conclusion

From optimum result found that the optimized airfoil can be made lift to drag ratio greater that the
standard airfoil for 52.23%. It shown that can be increased the aircraft gliding capability. The PSO
can be used for this work by efficiently.
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