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Abstract—Airfoil is an important part of any aeroplane
structure whether it may be passenger aeroplanes, jet
aeroplanes or helicopters. The airfoils decide whether
the lift force is sufficient to balance the weight of the
aeroplane or not and how important drag force is being
applied on the aeroplane. Airfoils are principally
divided into two orders, I've tried to differentiate
between the two type-site Symmetrical and
Asymmetrical airfoils on the base of their lift and drag
measure’s variation with angle of attack, stall angle of
attack and magnitude of the coefficients. Literal
background says that various development of airfoil
development took place till now. Before wing design
testing was done with the help of wind tunnel testing
styles but now days with advancement of computer
technology the task has come veritably easier than
before one. Design of wing and its optimization is done
in different CAD software package and their analysis in
some analytical software like ANSYS. In this design
named a DESIGN AND ANALYSIS OF NASA SC (2) -
0606 AIRFOIL trouble has been made to make a
detailed study on lift and drag measure of various
conditions. The aerodynamics characteristics are
acquired veritably directly with the help of these CAD
and CFD analysis. In current age of technology we've
the most advanced aerodynamics in the field of aviation.
In our design, the performance of NASA SC (2) — 0606
airfoil experimentally under the condition of subsonic,
supersonic and hypersonic condition analyze by the
ANSYS software and also analyze by the wind tunnel
test. The reason for Why We Take This Airfoil Means,
This Airfoil Used in Airbus a380 at the wingtip
(approximated). Because Airbus a380 is the most
successful running aircraft in the aviation field. Then
only we would like to decide to Analyze NASA SC (2)-
0606 AIRFOIL.

Index Terms: ANSYS, AIRFOIL, AEROPLANE

Name = NASA SC/{2)-0606 ARFOLL
Chord= 100mm Redius = Omm Thickness = 100% Origin = 0% Pich=0*

Fig 1 NASA SC (2)-0606 AIRFOIL
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I. INTRODUCTION

In the initial days, when man was yet living in the
stage of nature, the only means of locomotion was his
legs. Gradationally, we've achieved quickly and more
luxurious ways of travelling, latest being the air
transport. Since, its invention aeroplanes have been
getting further and further fashion ability as it's the
fastest mode of transportation available. It has also
gained fashion ability as a war machine since World
War II. This popularity of air transport has led to
many new inventions and exploration to develop
faster and more economical aeroplanes. This design
is such an attempt to determine how we can decide
maximum performance out of an airfoil section.

An airfoil is a cross-section of wing of the aeroplane.
Its main job is to give lift to an aeroplane during
takeoff and while in flight. But, it has also a side
effect called Drag which opposes the stir of the
aeroplane. The quantum of lift demanded by a
aeroplane depends on the purpose for which it's to be
used. Heavier aeroplanes bear further lift while
lighter aeroplanes bear lower lift than the heavierones.
Therefore, depending upon the use of aeroplane,
airfoil section is determined. Lift force also
determines the perpendicular acceleration of the
aeroplane, which in turns depends on the horizontal
velocity of the aeroplane. Therefore, determining the
coefficient of lift one can calculate the lift force and
knowing the lift force and needed vertical
acceleration one can determine the needed horizontal

velocity.
I1. OBJECTIVE

e  Designing of Asymmetric Airfoil in CATIA.

e Modelling of airfoil of NASASC (2) 0606.

o Examine the velocity and surface pressure
distribution of our airfoil.

e Determine the drag and lift coefficient of the
Airfoils at the condition of subsonic, supersonic
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and hypersonic and also study their variation
with angle of attack by ANSYS SOFTWARE.

e Calculate lift and Drag forces on airfoil for each
angle of attack.

1. METHODOLOGY

The first step in our project, after deciding the topic,
was to do a literature review of the topic. So, we
searched for some previous works done in this topic
and got our self-familiar with the topic. The second
step was to gather the required software’s for our
project which in this case was CATIA for designing,
ANSYS- Analysis Systems and Microsoft excel. The
next step was the Data collection. For our project we
required coordinates of the airfoil of the NASA SC
(2) 0606. We also needed the area, velocity at all the
three conditions and pressure. Then we went through
some textual as well as visual manuals to learn
ANSYS. Then, we modelled NASA SC(2) 0606
airfoil and obtained the coefficient of lift and drag
calculated lift and drag force, determined stall angle
of attack, plotted graph between coefficient of lift and
drag and the angle of attack and analyzed the results
obtained. WE Also Calculated The Pressure
Distribution for This Airfoil at 12 Stagnation Points
and Using by This We Obtained a Pressure Co-
Efficient On Each Point.

IV. AERODYNAMICS

Aerodynamics is an extension of science which is
concerned with concentrating on the movement of
air, especially when associating with a solid object,
such as an airfoil. Aerodynamics is a sub-field of
fluid progress and gas motion, and numerous parts of
aerodynamics hypothesis are regular to these fields.
The contrast being that "gas dynamics" applies to the
investigation of the movement of all gasses, not
constrained to air. Formal aerodynamics think about
in the cutting edge sense started in the eighteenth
century, despite the fact that perceptions of central
ideas, for example, aerodynamic drag have been
recorded much prior. The vast majority of the early
exertions in aerodynamics worked towards attaining
heavier-than-air flight, which was initially exhibited
by Wilbur and Orville Wright in 1903. From that
point forward, the utilization of aerodynamics
through  scientific =~ examination, observational
estimates, wind tunnel experimentation, and
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workstation recreations has framed the investigative
premise for progressing improvements in heavier-
than-air flight and various different advances. Late
work in aerodynamics has concentrated on issues
identified with compressible stream, turbulence, and
limits layers, and has gotten to be progressively
computational in nature.
An airfoil (in American English) or airfoil (in British
English) is the state of a wing or edge or cruise as
seen in cross-area.
An airfoil-formed body traveled through a fluid
handles an aerodynamic energy. The segment of this
power perpendicular to the course of movement is
called lift. The segment parallel to the bearing of
movement is called drag. Subsonic flight airfoils
have a trademark shape with an adjusted headingedge,
emulated by a sharp trailing edge, regularly with
uneven camber. Foils of comparative -capacity
composed with water as the working fluid are called
hydrofoils.
The lift on an airfoil is fundamentally the
consequence of its approach and shape. At the point
when arranged at a suitable edge, the airfoil diverts
the approaching air, bringing about energy on the
airfoil in the heading inverse to the diversion. This
power is known as aerodynamic drive and could be
determined into two parts: Lift and drag. Most thwart
shapes oblige a positive approach to produce lift,
however cambered airfoils can create lift at zero
approach. This "turning" of the air in the region of
the airfoil makes bended streamlines which brings
about more level weight on one side and higher
weight on the other. This weight contrast is joined by
a speed distinction, through Bernoulli's standard, so
the ensuing stream field about the airfoil has a higher
normal speed on the upper surface than on the more
level surface. The lift power might be connected.
Specifically to the normal top and base speed contrast
without registering the weight by utilizing the idea of
flow and the Kutta-Joukowski hypothesis.

angle of attack

chord line

a r\“‘ ———__camber line

relative wind

max. thickness i
max. camher

Fig 2 relative wind moving on airfoil
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Some terms related to Airfoil are:

Leading edge: - It is the edge of the airfoil facing the
direction of motion of plane. It is generally roundish
in shape and deflects the air in such a way that the
velocity of air on upper surface of the airfoil is more
than velocity on the lower surface.

Trailing edge: - It is the edge of the airfoil which is
pointed in nature. It is located at the back side of the
airfoil.

Chord line: - It is a straight line joining the leading
edge to the trailing edge. It bisects the airfoil into two
parts for an symmetric airfoil but may not do so for
an asymmetric airfoil. It defines another important
parameter Angle of attack.

Angle of attack: - It is the angle which the chord line
makes with the direction of motion of plane. It is an
important parameter which affects the coefficient of
lift and drag.

Chamber line: - It is a line joining leading edge and
trailing edge and dividing the airfoil into two
symmetrical parts. It may or may not be a straight
line.

Lift coefficient: - It is a dimensionless coefficient that
relates the lifting force on the body to its velocity,
surface area and the density of the fluid in which it is
lifting.

Drag coefficient: - It is a dimensionless coefficient
that relates the dragging force on the body to its
velocity, surface area and the density of the fluid in
which it is moving

Stall angle of attack: - It is the angle of attack at
which the lift coefficient is maximum and after which
the lift coefficient starts to decrease.

V. CATIA

CATIA is a multi-platform software suite for
computer-aided design (CAD), computer-aided
manufacturing (CAM), computer-aided engineering
(CAE), 3D modeling and Product lifecycle
management (PLM), developed by the French
company Dassault Systems.

Since it supports multiple stages of product
development from conceptualization, design and
engineering to manufacturing, it is considered a CAx-
software and is sometimes referred to as a 3D
Product Lifecycle Management software suite. Like
most of its competition it facilitates collaborative
engineering through an integrated cloud service and
have support to be used across disciplines including
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surfacing & shape design, electrical, fluid and
electronic systems design, mechanical engineering
and systems engineering.

Fig3NASA SC (2) 0606 AIRFOIL DESIGN BY
CATIA
Besides being used in a wide range of industries from
aerospace and defense to packaging design, CATIA

has been used by architect Frank Gehry to design
some of his signature curvilinear buildings and his
company Gehry Technologies was developing their
Digital Project software based on CATIA.

The software has been merged with the company's
other software suite 3D XML Player to form the
combined Solid works Composer Player.

VI. ANSYS

Offers engineering simulation solution sets in
engineering simulation that a design process requires.
Companies in a wide variety of industries use
ANSYS software. It uses CFD and FEM and various
other programming algorithms for simulating and
optimizing various design problems. ANSYS has
many sub parts out of which I will use FLUENT.
ANSYS Fluent uses CFD for analysis and is mainly
used for simulation of fluid mechanics and
thermodynamics problems. Data of various fluid and
solid materials are already fed into the ANSYS
database which we use.

VII. LITERATURE REVIWE

T .Gultop, (2005) [1] studied the impact of
perspective degree on Airfoil performance. The
reason for this study was to focus the ripple
conditions not to be kept up throughout wind tunnel
tests. These studies indicate that aero elastic
insecurities for the changing arrangements
acknowledged showed up at Mach number 0.55,
which was higher than the wind tunnel Mach number
point of confinement velocity of 0.3.
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Sanjay Goel,(2008)[3] devised a method of
optimization of Turbine Airfoil using Quansi — 3D
analysis codes. He solved the complexity of 3D
modelling by modelling multiple 2D airfoil sections
and joining their figure in radial direction using
second and first order polynomials that leads to no
roughness in the radial direction.

Mr. Arvind (2010)[4] researched on NACA 4412
airfoil and analyzed its profile for consideration of an
airplane wing .The NACA 4412 airfoil was created
using CATIA V5 And analysis was carried out using
commercial code ANSYS 13.0 FLUENT at an speed
of 340.29 m/sec for angles of attack of 0°, 6, 12 and
16°. k-¢ turbulence model was assumed for Airflow.
Fluctuations of static pressure and dynamic pressure
are plotted in form of filled contour.

By J. Fazil and V. Jayakumar, (2011)[5] concluded
that despite the fact that it is less demanding to model
and make an airfoil profile in CAD environment
utilizing camber cloud of focuses, after the making of
vane profile it is exceptionally troublesome to change
the state of profile for dissection or improvement
reason by utilizing billow of focuses. In the paper,
they examined and depicted the making of airfoil
profile in CAD environment utilizing the control
purpose of the camber profile. By method for
changing the qualities of control focuses the state of
the profile could be effectively changed and
additionally the outline of the cambered airfoil is
created without influencing the essential airfoil
geometry. In the said paper, the Quintic Reverse
Engineering of Bezier bend recipe is utilized to
discover the camber control focuses the current
camber cloud of focuses.

Mr. Mayurkymarkevadiya (2013)[2] studied the
NACA 4412 airfoil profile and recognized its
importance for investigation of wind turbine edge.
Geometry of the airfoil is made utilizing GAMBIT
2.4.6. Also CFD investigation is done utilizing
FLUENT 6.3.26 at different approaches from 0° to
12°.

VIIL.RESULTS PRESSURE DISTRIBUTION
We are testing pressure distribution for our model
airfoil in the subsonic wind tunnel and Ansys.
wemake a 12 stagnation point on the airfoil and each
point has a different pressure co efficient in varying
angle of attack.
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Fig 4 pressure at subsonic condition
CO EFFICIENT OF PRESSURE; The Pressure
Coefficient is the ratio of pressure forces to inertial
forces.

Pressure distribution in Manometer, h(x10°m)

Angle of | Ahx10°m
Attack 1 2 3 4 5 6 T 8 9 10 11 12

0 38 225 | 235 | 242 | 231 | 228 | 203 | 188 | 194 | 215 | 225 | 199 | 215

38 7 255 25 23 208 | 201 | 179 | 185 | 21 21 182 24

10 38 285 26 | 245 22 20.5 | 203 | 17.8 | 18.4 | 20.7 | 205 | 17.7 | 264

38 18.8 | 21.6 | 231 | 22.6 | 22.7 | 2.5 | 19.9 | 20.8 | 20.7 | 23.1 | 22.1 | 158

-10 338 17.5 | 20.5 | 224 | 224 | 23 | 21.8 | 20.6 | 214 | 21 214 21 | 142

Table [Pressure distribution on the stagnation point
on NASA SC(2)

Coefficient of pressure for the various position of pressure tapping's,
+h

Angle of Ah =
Attack . el N |
«d0m 1 2 3 4 5 6 7 8 9 10N 12
0 38 142 | 188 | 186 157 | 15 | 084 | 0.44 | 060 | 115 142 | 073 115

5 38 26 | 221 | 207 155|097 |0.78 | 0.21 | 0.36 | 1.02 | 1.02 | 0.28 181

10 38 286 | 221 | 194 1.28 | 089 | 0.84 | 0.18 | 0.34 | 0.94  0.89 | 0.15 | 2.4

-5 38 044 | 118 | 157 | 144 | 147 | 115 | 0.73 | 0.97 | 0.94 | 1.57 | 131 | -0.34

-10 38 010 | 0.89 | 142 139 | 155 | 123 | 0.92 | 113 | 1.02 | 1.13 | 1.03 | -0.76

Table 2Co efficient of pressure for NASA SC (2)060
6 Airfoil

Pressure Distribution

275
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a

Graph IFor co efficient of pressure in each
stagnation point of on NASA SC (2) 0606 Airfoil.
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VELOCITY DISTRIBUTION

SUBSONIC SPEED:

A subsonic condition aircraft with a maximum speed
less than the speed of sound (Mach 1). The term
technically describes an aircraft that flies below its
critical Mach number, typically around<250 m/s and
Mach 0.8.

Angle Co- Co-efficient Lift Drag
of efficient of of force force
Attack lift(CoL) Drag(CoD)

0 0.45094 0.010041 378.1 154.3

5 0.6068 0.0123 778.7 | 463.5

10 0.084309 0.016252 317.4 | 611.9

15 0.034876 0.093410 313 863.7

20 0.023579 0.111519 297.8 1361.2

Table 3for Subsonic Flow Condition

=

Fig 5Velocity Distribution in Subsonic Condition
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Graph 21t can be observed from the graph of lift
coefficient increases with angle of attack till 5.5°
after which it begins to decrease. Therefore, stall
angle of attack=5.5°.
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Graph 3Coefficient of drag is an undesired force and
should be avoided. Its value is seen to be increasing
with Angle of Attack.

SUPERSONIC SPEED:
For aircraft speeds which are greater than the speed
of sound, the aircraft is said to be supersonic. Typical
speeds for supersonic aircraft are 412-1715 m/s and
the Mach number M is greater than one, 1 <M < 3.

ot 210

ey

Fig 6Velocity Distribution for supersonic Condion

Angle- Co- Co-efficient Lift- Drag- |
of efficient- of Dragx forcex forceo
Aftackz|  oflifix
=] 0139552 0027140z 205262 | 300320
5o 0.141482 0.0326062 208102 | 479480

10z [ 0152058z 0044042741z 223635 42 66103z
15z 0.33351= 0.13127= 403402 | 193072
20z | 02002142 019203263z | 2041993 227210

Table 4ForSupersonic Flow Condition
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Graph 41t can be observed from the graph that lift
coefficient increases with angle of attack till 16°after
which it begins to decrease. Therefore, Stall angle of
attack= 16°.
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Graph 5Coefficient of drag is an undesired force and
should be avoided. Its value is seen to be increasing
with Angle of Attack.

HYPERSONIC SPEED:

A hypersonic speed is one that exceeds 5 times
the speed of sound, often stated as starting at speeds
of Mach 5 and above.

[
¥
[ oom 0100 jm)
[T 1075

Fig 7Velocity Distribution for Hypersonic Condition

Angle Co- Co-sfficient Lift Drag
of efficient of of Drag force force
Attack luft
[1] 0.47912 0073352 013310 13980
0
3 0.64159 0.14578 1019300 [ 19320
0
10 0.0082025 023987103 | 103321 | 31733
(] 2 1
13 00719377 | 077228 636500 41022
3
20 0.0337116 | 084401730 ([ 124031 | 30450
2 7
Table5tor Hypersonic Flow Condition
Col
0.8
0.6 74\
0.4
0.2 \! =& col
0 T 1 1
0 10 20 30

Graph 61t can be observed from the graph that lift
coefficient increases with angle of attack till 6° after
which it begins to decrease. Therefore, Stall angle of
attack= 6°.
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Graph 7Coefficient of drag is an undesired force and
should be avoided. Its value is seen to be increasing
with Angle of Attack.
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