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Abstract: A fluid flowing over an object has a tendency to drag the object along it's flow direction.
An object passing through a fluid which is stationary there is a tendency to slow the object down.
For a stationary object in a fluid which is flowing there is a tendency to move the object in the fluid
flowing direction .These tendencies of flowing fluid is known as drag. While moving through air
airplanes also subjected to several drags. Airplanes subjected to pressure drag or form drag due to
flow separation which is based on the pressure difference between the upstream and downstream
surfaces of the object. Airplanes also subjected to Skin friction drag which results from the viscous
shear of the fluid flowing over the object surface. In order to overcome these drags airplane wings
cross section airfoils are designed very carefully. National Advisory Committee for Aeronautics, or
NACA, developed and tested "families" of airfoils. Some of the most successful of these were the
NACA four-digit and five-digit series. The necessary coordinates for designing NACA airfoil
profiles are available in online. UIUC also provide coordinates for designing NACA airfoil profiles.
But the present work describes the way of designing NACA four digit airfoils without taking any
coordinates from available sources like google or any other search engines. Using C programming
with the help of NACA provided equations a generalized source code is designed .Which will
provide coordinates for designing any NACA four digit airfoil profiles .With the help of this
obtained profile the wing model is also constructed using solid works. Using solid works model the
real model was constructed using wood. The chord of regular surface airfoil is 21 cm and the span
is also 21 cm. The airfoil profile taken for the model construction is NACA-4415 which is a four digit
cambered airfoil. The present work also show some figures of an airfoil by applying certain surface
modifications in form of dimples.
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1. Introduction

An airplane is a vehicle with wings and one or more engines that enable it to fly through the air
and any section of the wing cut by the plane which is perpendicular to the wing is called an airfoil.
Airplane wings produce lift by creating pressure difference between top surface and bottom surface.
For an object passing through a fluid which is stationary there is a tendency to slow the object down.
While moving through air airplanes also subjected to several drags. In order to overcome these drags
airplane wings cross section airfoils are designed and studied for many years. Ludwig Prandtl in the
year of 1917 made a wind tunnel at Gottingen which is capable of testing large airfoil sections. He
also had a model which is based on mathematics to generate airfoil like curves. U.S. National
Advisory Committee for Aeronautics, or NACA, in the year of 1930 prepared and
investigate"families" of airfoils. Some of the very popular of these were the NACA four-digit and
five-digit series. NACA's six digit airfoil 23000 series which was prepared in 1935, is assumed to be
the most widely used airfoil in history. Nearly 1940, development of airfoils had completed several
milestones. The first was not due to any single investigator, that camber helps the production of lift.
The second one was the invention, by Prandtl that thickness more than a tenth of the chord length
was good for producing lift.The last one was by Eastman Jacobs who classified the airfoils into

© 2017 by the author(s). Distributed under a Creative Commons CC BY license.


http://dx.doi.org/10.20944/preprints201704.0124.v1
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.5281/zenodo.546254

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 April 2017 d0i:10.20944/preprints201704.0124.v1

20f8
"families” which allowed producers to choose airfoil profiles from a catalog. The most recent
development was a the relationship between mathematics and designing of airfoils. Now airfoils
specifically designed for flight near the sound velocity. These are supercritical airfoils which have
special design features to withstand shock waves.

2. Airfoil Design

The airfoil profiles of all NACA families obtained by merging a mean line and a thickness
distribution. The needed coordinates for the distribution of mean lines and thickness is obtained from
the available sources. The available sources provides with necessary coordinates. The way of merging
a mean line and a thickness distribution to produce the required airfoil profile is shown by below
mentioned figure.
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Fig. 2.1: A typical airfoil

M.C.L (mean camber line) is the path of points midway between the upper and lower surfaces
as measured perpendicular to the M.C.L itself. The most forward point of the M.C.L is called Leading
Edge. The most rearward point of the M.C.L is called Trailing Edge.The line which is straight
connecting the leading edges and trailing edges is called the Chord line of the airfoil. The distance
from the leading to the trailing edge measured along the chord line is simply called chord c.The
camber is the highest distance between the M.C.L line and the chord line, measured with an angle of
ninety degree to chord line.The distance between the upper and lower surfaces of the airfoil
measured with an angle of ninety degree to the chord line is called thickness of the airfoil. Free stream
velocity is the velocity of air far upstream of the airfoil. The direction of air is defined as relative wind.
The angle between the relative wind and chord line is the angle of attack of the airfoil. The point at
which moments of aerodynamic forces remains same for all angle of attack (moments do not vary
with angle of attack). For NACA 4 digit series such as NACA 0012, NACA 2412 first digit indicates
Maximum Camber in Hundredths of chord.Second digit indicates Location of maximum camber
along the chord from the leading edge in tenths of chord.Last two digits indicates Maximum
thickness of the airfoil in hundredths of chord

For NACA 4415 and chord of the airfoil c =1

Maximum wing thickness t = last two digit x% c

1
=15x—xI1
100
=0.15
Distance from leading edge to maximum wing thickness X1 =second digit x10% c
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Maximum camber f = first digit x % ¢

=4 x0.01=0.04

Maximum wing thickness

Yi=5¢(0.2969/x -0.126x — 0.3516x2 + 0.2843 x3-0.1015x*)

From leading edge to maximum wing thickness
Y 1 X x )’
c c \ x, c c

Valid for ¢
From maximum wing thickness to trailing edge

= L(I—ZM(I_ 2x1)+2x1[ij—(i)2:|
c c (1 -x,) c c

<1

~
a

x <

o | =

Valid for
Where

f = maximum camber

x1= distance from leading edge to highest wing thickness

¢ = chord of the airfoil

t = highest wing thickness

ye= vertical distance between mean camber line and chord line.
For NACA 4415

From leading edge to highest thickness xi,

(-]
o) (1)

Y. =0.2x-0.25x"

From highest wing thickness to trailing edge,
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For maximum wing thickness
Y:=5t(0.2969 */;—0.1269( —0.3516x% + 0.2843 x°-0.1015x*)
=5x0.15 (0.2969‘/;—0.126x —0.3516x% + 0.2843 x°-0.1015x*)

=0.222 ‘/;—0.0945x —0.2637x* + 0.213 x3-0.076x*)

Programming language is applied for designing the regular surface profile of the NACA 4415.
The thickness and chord length of the model are 3.14 cm and 21 cm respectively. The span length was
chosen to be 21cm a considerably large value. For ensuring the aerodynamic characteristics of an
airfoil the trailing edge of the model have a sharp edge form

3. Program for Data Generation:
The data for obtaining the airfoil profile is generated by programming using C compiler. The
following code is used to generate data for designing NACA-4415 profile using solid works software.
#include<stdio.h>
#include<conio.h>
#include<math.h>
void main()
{
tloat yt[1000],yc[1000],yu[1000],y1[1000],xu[1000],x1[1000],t,x[1000],m,p,c,n;
inti;;
printf("input chord:");
scanf("%f",&c);
printf("\ninput camber:");
scanf("%f",&m);
printf("\ninput position of camber:");
scanf("%f",&p);
printf("\ninput thickness:");
scanf("%f",&t);
printf("How many points?");
scanf("%f",&n);
printf("Coordinate of mean camber line:thickness:");
for(i=0;i<=n;i++)
{x[01=0;
x[i+1]=x[i]+c/n;}
for(i=1;i<=n;i++)
{
printf("\nx[%d]=%t",i,x[i]) ;
if(x[i]<=p)
{

yelil=(m/(p*p))* (2 p*x[Al-x[iI*x[i]);}
if(x[i]>p)
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yelil=(m/((1-p)*(1-p)))*(1-2*p+2*p*x[i]-x[i]*X[i]);
}
printf("\ tyc[%d]=%f",i,yc[i]);
yt[i]=5*t*(.2969% (sqrt(x[i]))-.1260*x[i]-0.3516*x[i] *x[i]+0.2843*x[i]*x[i] *Xx[i]-
0.1015*x[i]*x[i]*x[i]*x[i]);
printf("\ t\ tyt[%d]=%f" i, yt[i]);
xu[i]=x[i];
yulil=ye[il+ytli];
xl[i]=x[i];
yl[il=yclil-ytlil}
printf("\nupper surface coordinate:");
for(i=1;i<=n;i++)
{printf("\nxu[%d]=%f  yu[%d]=%f",i,xuli],i,yuli]);}

printf("\nlower surface coordinate:");
for(i=1;i<=n;i++)

{

printf("\nx1[%d]=%f  yl[%d]=%{"i,xI[i]i,y1[i]);}

4. Model Construction:

The design was made by using solid works software. Five different models with spherical
outward, spherical inward, hexagonal, Circular and with Combination of circular and hexagonal
dimples have been constructed. Wood was used for model preparation. As wood is economical to use
so it will be convenient for the construction of dimpled airfoil models. The chord of regular surface
airfoils is 21 cm and the chord of dimpled surface airfoil is also 21cm.

Fig 4.1: Three dimensional view of NACA 4415 airfoil obtained from solid works.
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Fig.4.2. Prepared model without modifications.

prgoey
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Fig.4.3. Prepared model with outward spherical dimples.

Fig.4.4. Prepared model with inward spherical dimples
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Fig.4.5. Prepared model with hexagonal dimples

Fig.4.6. Prepared model with circular dimples

Fig.4.7. Prepared model with combination of hexagonal and circular dimples

5. Conclusions
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Five different models with spherical outward, spherical inward, hexagonal, Circular and with

Combination of circular and hexagonal dimples have been constructed .Delayed flow separation can

be observed if the dimpled airfoils are tested. At a higher angle of attack attached flow on the dimpled

surface will be seen. The lift of dimpled surface airfoil will also better than the regular airfoils. Further
investigations using these models are suggested.
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