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Abstract Opting for modifications in the existing technology comes with many
challenges. The purpose of this project is to dealwith one such challenge by analyzing
three different aerofoils used in aviation industry and wind turbines industry. The
aerofoils chosen for study are NACA 0012, NACA 0018, and S 1046. The flaps
are implemented on all the three aerofoils, and values of lift and drag are recorded
for angles from 0° to 10° through computational analysis with the help of ANSYS
Fluent software. The variation in CL (coefficient of lift) and CD (coefficient of drag)
is plotted for different AOAs (angle of attack). From the graphs, we can observe the
changes in lift and drag. The study helped us understand the behaviors of the three
aerofoils with change in angle of attack. NACA 0018 was found to be more efficient
as compared to the other two aerofoils.
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1 Introduction

Lift is by far the most important characteristic and advantage of an aerofoil. It is
because of this characteristic and advantage that they are used extensively in air
travel and wind turbines. As air moves around an aerofoil, because of its shape, on
the upper side there is high velocity and low pressure, and on the lower side, there
is low velocity and high pressure. Because of this, the aerofoil is lifted up and we
say that lift is produced. There are primarily two types of aerofoils put to use—i.
Symmetric, ii. AsymmetricYang et al. (2017). In this paper, we have considered three
aerofoils and evaluating them by using ANSYS Fluent software package. Below is
the graph plotted shown in Fig. 1 for NACA 0012, NACA0018, and S1046 airfoils
between y/c versus x/c. Also in Fig. 2 is the bar graph showing the corresponding
values of coefficient of lift and drag for the mentioned three aerofoils. In Fig. 2,
nomenclature of an aerofoil is shown (Table 1).
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Fig. 1 Geometric profiles of the aerofoils used and reference taken from Zhang et al. (2016)

Fig. 2 Nomenclature of an aerofoil Srinivasa Rao et al. (2018)

Table 1 Maximum lift and
drag for the following
aerofoils at 0° angle of attack

Aerofoil Maximum lift Maximum drag

S 1046 2.9702e-04 1.0793e-02

NACA 0012 3.7281e-04 9.8051e-03

NACA 0018 7.9646e-04 1.0048e-02

Below is the indication of each digit in NACA and S series aerofoils is depicted
Senthil Kumar et al. (2018)

A. NACA0012—(0012-il) NACA 0012

NACA 0012 airfoil
Max thickness 12% at 30% chord.
Max camber 0% at 0% chord Ganesh Ram et al. (2014).



‘2D Simulation to Study the Effect of Flaps on Various … 265

B. NACA0018—(0018-il) NACA 0018

NACA 0018 airfoil
Max thickness 18% at 30% chord.
Max camber 0% at 0% chord.

C. S 1046—(s1046-il) S1046 17% (Danny Howell)

Selig S1046 airfoil
Max thickness 17% at 30.8% chord.
Max camber 0% at 0% chord.

2 CFD Analysis

A. CFD Analysis of aerofoils without flaps:
The procedure followed to analyze all the three chosen aerofoils is same

which is as follows:

I. The coordinates of the aerofoils are downloaded from airfoiltools.com
II. The coordinated are imported to ANSYS Design Modeler.
III. Surface of the aerofoil is created from these coordinates by using

‘surface from edges’ tool.
IV. A domain is created by sketching a semicircle in the front and rectangle

on the rear side and then using the ‘surface from sketches’ tool. Center
of the semicircle is taken at 0.1 m of chord, and length of the rectangle
is 31 m and height is 20 m above and below x-axis Yan et al. (2019).

V. The aerofoil is removed from domain by using Boolean function.
VI. The domain is split into six faces for better meshing.
VII. While meshing, three named selections are created for convenience—i.

Aerofoil, ii. Inlet, iii. Outlet.
VIII. A structured mesh is formed by using biasing feature.
IX. After meshing, solution setup is done with k-ω SST model.
X. Lift and drag force monitors are created.
XI. Initialization is hybrid (Figs. 3, 4, 5, 6 and 7; Table 2).

B. CFD Analysis of aerofoils with flaps:

With the help of the same software, same mesh, and same setup, all the three airfoils
are once again analyzed after implementing simple flaps on them (Figs. 8, 9, 10, 11
and 12; Tables 3 and 4).
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(a) (b)

Fig. 3 a Lift plot at 0° b Drag plot at 0°

Fig. 4 Six faces after face split

Fig. 5 Airfoil removed from domain
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Fig. 6 Structured mesh

3 Results

From the above graphs, certain results are being obtained. They are as follows

1. For all the three aerofoils considered in the project—NACA 0012, NACA 0018
and S 1046—initial lift at 0° is lower than that at 10°.

2. At 2° the lift suddenly drops to a very low value for NACA 0012 and S 1046,
though it is more than that at 0°. After that as we go on increasing the angle of
attack of flaps, lift increases almost proportionally.

3. For NACA 0018, the highest amount of lift is obtained by 2° deflection of flap
which is the highest value among all the values of lift obtained.

4. As for the drag, no such unusual behavior is observed. Drag goes on
increasing with the increasing angle of attack for all the three aerofoils almost
proportionally.

5. Alongwith higher lift, NACA0018 also gives higher drag as compared toNACA
0012 and S 1046, as evident from the above graphs.
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Airfoil Pressure-contour Velocity-contour

NACA 
0012

NACA 
0018

S 1046

Fig. 7 Pressure and velocity contours of aerofoils without flaps

Table 2 Details of CFD
analysis

Software used ANSYS R2 2020 (student version)
package

Mesh type Structured C-mesh

Turbulence model k-ω SST Zaheer et al. (2019)

No. of nodes 84520

Fluid Air

Boundary conditions Inlet velocity = 50 m/s

Fig. 8 S1046 aerofoil pressure and velocity contours at 5° flap deflection
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Fig. 9 NACA0012 aerofoil pressure and velocity contours at 5° flap deflection

Fig. 10 NACA0018 aerofoil pressure and velocity contours at 5° flap deflection

(a) (b)

Fig. 11 a)CL versus alpha graph b)CD versus alpha graph of S1046, NACA0012, and NACA0018
aerofoils with flaps

4 Conclusions

The conclusions drawn from the above study are as follows:

1. As lift increases with increasing angle of attack for all the three aerofoils with
flaps, this makes flaps a good modification to these aerofoils.

2. Out of the three aerofoils considered in this project—namely NACA 0012,
NACA 0018, and S 1046 – the NACA 0018 with flap is more efficient than the
other two aerofoils.
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Fig. 12 Streamlines at different angles of attack (α) below 20° for NACA 0012 (2015)
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Table 3 Coefficient of Lift
(CL) for flap deflection from
0° to 10°

AOA (degree) NACA 0012 NACA 0018 S 1046

0 1.78E+00 7.96E+00 −4.65E+00

1 6.39E+00 5.00E+00 6.10E+00

2 1.20E+00 9.62E+00 1.11E+00

3 1.42E+00 1.37E+00 1.71E+00

4 2.03E+00 1.93E+00 2.27E+00

5 2.39E+00 2.19E+00 2.73E+00

6 2.95E+00 2.74E+00 3.21E+00

7 3.57E+00 3.16E+00 3.70E+00

8 4.00E+00 3.58E+00 4.43E+00

9 4.61E+00 4.13E+00 4.85E+00

10 4.85E+00 4.63E+00 4.59E+00

Table 4 Coefficient of Drag
(Cd) for flap deflection from
0° to 10°

AOA (degree) NACA 0012 NACA 0018 S 1046

0 1.10E+00 2.38E+00 1.12E+00

1 1.05E+00 2.38E+00 1.15E+00

2 1.04E+00 2.40E+00 1.14E+00

3 1.12E+00 2.42E+00 1.20E+00

4 1.07E+00 2.47E+00 1.19E+00

5 1.10E+00 2.51E+00 1.25E+00

6 1.15E+00 2.61E+00 1.25E+00

7 1.19E+00 2.67E+00 1.36E+00

8 1.24E+00 2.74E+00 1.33E+00

9 1.29E+00 2.88E+00 1.38E+00

10 1.38E+00 2.98E+00 1.73E+00

3. Though the drag of NACA 0018 is higher than NACA 0012 and S 1046 (all
with flap), the lift obtained is dramatically high. This makes it best suited for
implementing on a vertical axis wind turbine.

4. Withmoremodifications to these aerofoils, their lift and drag characteristics can
be improved and desired values of lift and drag can be reached so as to obtain
higher lift.

5. With higher lift characteristics, these aerofoils will be able to generate more
energy in wind turbines and will help reduce the load on conventional energy
sources.

6. When implemented on airplane, they will provide more lift helping reduce the
use of fuel and will cut the cost of aviation fuel required by a great margin.
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5 Future Scope

1. The world is in dire need of improvement in non-conventional energy resources
so as to meet the day-by-day increasing energy demand. Wind energy is one
of the most reliable resources in this aspect. This project provides a suggestion
for the improvement in the conventional designs of airfoils implemented for
harnessing wind energy.

2. An airfoil is a basic shape used in any wind turbine blade. It is because of the
characteristics of this shape, the way it behaves with respect to incoming wind
that makes it most suitable for use in airplanes, wind turbines, etc.

3. With modification in this shape, such as leading edge and trailing edge flaps,
slats, and wing tip devices, the lift and drag characteristics can be improved and
ultimately the efficiency can be increased.Herewe have provided computational
analysis of one such modification with the results.

4. In the future, thismodification can help us reach the desired configurations and to
increase the energy production of wind turbines and lower the fuel consumption
manifolds. Wind energy is a clean form of energy, and it does not harm our
environment in any way and neither does it add on to the crisis of pollution.
This project is a step forward in the direction of upliftment of the ways in which
it is harnessed. This will ultimately helpmankind in creating a prosperous future
for coming many generations.
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