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Renewable energy is the energy extracted from the natural resources like wind, rain, etc. Since
wind power is growing at a rate of approximately 30% annually and now it has the capacity to
generate 430 TWh annually, which is about 2.5% of worldwide electricity usage. Although a
variable source of power, the intermittency of wind seldom creates problems results wind power
to supply up to 20% of total electricity demand. Thus, much research is focusing to utilize this
vast adequate wind resource because the evolutions of serious problems like air pollution which
leads to global warming due to the consumption of more conventional fossil fuels, coal and
nuclear energy resources. The study on the effect of aerofoil thickness in wind turbine blades is
one of the effective methods to improve its performance. In this paper numerical simulation was
carried out to study the effect of aerofoil shape using commercially available CFD software. The
main scope is to increase the resultant force produced by each blade which is resolved as Lift
and Drag. Lift is an aerodynamic force on the body in the direction normal to the flow direction,
while Drag is an aerodynamic force on the body parallel to the flow direction. For a windmill to
operate efficiently the lift force should be high and drag force should be low. In this work NACA
4415 is chosen as a wind turbine blade cross section. From this basic configuration thickness
of the cross section is changed and the effect of thickness is studied through lift curve slope.
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INTRODUCTION
Wind turbine is a device which converts kinetic
energy from air to mechanical energy. Further
mechanical energy converted into electrical
energy. This energy conversion is the result of
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several phenomena. The wind is characterized
by its speed and direction, which are affected
by several factors, e.g., geographic location,
climate characteristics, height above ground,
and surface topography. Although the
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performance of wind turbines is dominated by
various factors, the performance of airfoils is
the most influential. The low Reynolds number
airfoils designed for small aircraft were widely
used in the early stage development of modern
horizontal axis wind turbines. Aerofoil designed
for aircraft are not always suitable, however,
because the range of operational Reynolds
number is wide and because the inflow wind
is fluctuated. Atmospheric turbulence causes
important fluctuating aerodynamic forces on
wind turbines. Turbulence is an important
source of aerodynamic forces on wind turbine
rotors. Turbulence is an irregular motion of fluid
that appears when fluids flow past soil surfaces
or when streams of fluid flow past or over each
other. However, the turbine geometry which
affect the aerodynamic performance of the
wind turbine as well as its power performance.
The development of aerofoil series tailored for
a specific wind turbine is not effective, it is
conjectured that by varying the thickness of the
airfoil cross section it become effective. In this
research, the thickness of the cross section of
the wind turbine blade (aerofoil) is changed
for the specific wind turbine blade and their
effectiveness was verified by simulating CFD
analysis. The scope of this work was to
provide a preliminary evaluation of the effect
of thickness on aerofoil performance. This
blade-root aerofoil was designed to have a
high maximum lift coefficient which is largely
insensitive to surface-roughness induced
premature transition. The results of three
considered wind-turbine aerofoil exhibit effects
of aerofoil thickness and maximum lift
coefficient on the sensitivity of the maximum
lift coefficient to its performance. Because the
design specifications for these aerofoil are not
consistent, however, the results cannot be

used to conclusively determine these effects.
Accordingly, a matrix of three natural-laminar-
flow aerofoil has been designed and analyzed
numerically to quantify these effects.

The wing extends in the y direction (the span
direction). The free stream velocity V∞ is
parallel to the XZ Plane. Any Section of the
wing cut by a plane to the XZ plane is called
Aerofoil.

Figure 1: Aerofoil Section

Figure 2: Nomenclature of Aerofoil

LITERATURE REVIEW
Peter Fuglsang and Ioannis Antoniou (2003),
studied the two aerofoil cross sections for the
wind turbine blades by Numerically and
Experimentally. Two-dimensional wind tunnel
testing was carried out for the Risø-B1-18 and
Risø-B1-24 aerofoil in the VELUX wind tunnel
at Re = 1.6 x 106. The measurements
comprised both static and dynamic inflow.
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Static inflow covered inflow angles from 50 to
300. Dynamic inflow was obtained by pitching
the aerofoil in a harmonic motion around
various mean angles of attack. The test matrix
involved smooth flow, various kinds of leading
edge roughness, stall strips, vortex generators
and Gurney flaps. Franck Bertagnolio made a
Numerical Study of the Static and Pitching
RISØ-B1-18 Aerofoil. The objective of this
report is the better understanding of the
physics of the aero-elastic motion of wind
turbine blades in order to improve the
numerical models used for their design. In this
study, the case of the RISØ-B1-18 aerofoil
which was equipped and measured in an open
jet wind tunnel is studied. Two and three-
dimensional Navier-Stokes calculations using
the k–€ SST and Detached Eddy Simulation
turbulence models are conducted. An
engineering semi-empirical dynamic stall
model is also used for performing calculations.
Computational results are compared to the
experimental results that are available both for
the static aerofoil and in the case of pitching
motions.

Mac Gaunaa (2006) studied the unsteady
2D Potential-flow Forces on a Thin Variable
Geometry Aerofoil Undergoing Arbitrary
Motion. In this report analytical expressions
for the unsteady 2D force distribution on a
variable geometry aerofoil undergoing
arbitrary motion are derived under the
assumption of incompressible, irrotational,
inviscid flow. The aerofoil is represented by
its camber line as in classic thin-aerofoil
theory, and the deflection of the aerofoil is
given by superposition of chord wise
deflection mode shapes. Jeppe Johansen
and Niels Sorensen (2006) made a study on

Profile Catalogue for Aerofoil Sections Based
on 3D Computations This report is a
continuation of the Wind Turbine Aerofoil
Catalogue which objective was, firstly to
provide a database of aerodynamic
characteristics for a wide range of aerofoil
profiles aimed at wind turbine applications,
and secondly to test the two-dimensional
Navier-Stokes solver EllipSys2D by
comparing its results with experimental data.
In the present work, the original two-
dimensional results are compared with three-
dimensional calculations as it was surmised
that the two-dimensional assumption might be
in some cases responsible for discrepancies
between the numerical flow solution and the
actual fluid flow, and thereby the incorrect
prediction of aerofoil characteristics. In
addition, other features of the flow solver, such
as transition and turbulence modeling, and
their influence onto the numerical results are
investigated. Conclusions are drawn
regarding the evaluation of aerofoil
aerodynamic characteristics, as well as the
use of the Navier-Stokes solver for fluid flow
calculations in general. The aim of their work
is to evaluate the prediction capabilities of
the computational code EllipSys3D
compared to its two-dimensional version
EllipSys2D on one side, and the experimental
results (when available) on the other side. In
order to perform this study, the flow around
three-dimensional blade sections for chosen
aerofoil profiles will be computed. Several
aspects of the numerical code are
investigated. The derived aerofoil
characteristics show that the maximum lift
coefficient at the tip is low and that the
maximum lift coefficient is high at the root
compared to 2D aerofoil characteristics. The
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use of the derived characteristics in
aeroelastic calculations shows good
agreement with measurements for power and
flap moments. Furthermore, a fatigue analysis
shows a reduction in the loads of up to 15%
from load calculations with the derived
aerofoil characteristics compared with a
commonly used set of aerofoil characteristics.
The numerical optimisation is based on both
the 3D CFD computations and measurements
on a 41-m rotor with LM 19.1 and LM 19.0
blades, respectively. The method requires
measurements or CFD calculations of power
and loads from a turbine and is promising
since a set of lift and drag curves is derived
that can be used to calculate mean values of
power and loads. The maximum lift at the tip
is low and at the root it is high compared to
2D aerofoil characteristics. In particular the

power curves were well calculated by use of
the optimised aerofoil characteristics. In the
quasi-3D CFD computations, the aerofoil
characteristics are derived directly. This
Navier-Stokes model takes into account
rotational and 3D effects. The model enables
the study of the rotational effect of a rotor
blade at computing costs similar to what is
typical for 2D aerofoil calculations. The
depicted results show that the model is
capable of determining the correct qualitative
behavior for aerofoils subject to rotation. The
method shows that lift is high at the root
compared to 2D aerofoil characteristics. The
different systematic methods show the
importance of rotational and 3D effects on
rotors. Furthermore, the methods show high
maximum lift coefficients at the inboard part
of the blade and low maximum lift coefficients

Figure 3: Model of Computational Domain and Their Corresponding Boundary Conditions

Pressure
Outlet

Aerofoil as
Velocity Inlet
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at the outboard part of the blade compared
to 2D wind tunnel measurements.

RESULTS AND DISCUSSION
Numerical Simulation on Aerofoils
The free-stream air is assumed to be
approaching the aerofoil with free-stream
velocity and pressure with angle of attack .
Convergence criteria are set such that the
normalized residuals for each parameter are
less than 10E-6. From the simulated flow field,
Normal and Axial Force magnitudes are
determined. From that it’s Coefficients Cn and

Table 1: Cl and Cd for NACA 4415

Figure 4: Variation of Cl, Cd, Cl/Cd, Cp for NACA 4415
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Table 2: Cl and Cd for NACA 23012

Figure 5: Variation of Cl, Cd, Cl/Cd, Cp for NACA 23012

Table 3: Cl and Cd for NACA 63-413
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Figure 6: Variation of Cl, Cd, Cl/Cd, Cp for NACA 63413

Figure 7: Comparison Graph for All Cases
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Ca is calculated. By Using the well known
relation derived in chapter 2, the value of Lift
force (L) and Dreg force (D) and from that it’s
Coefficients Cl and Cd is found. Figure 3 a-c
Represents variation of Cl with angle of attack
for the three considered cross sections is
shown. And its numerical values are tabulated
from Tables 1 to 3.

Similar kind of C-Grid is used for the three
considered sections having fine mesh near the
surface because we need to calculate the
properties of the flow near the Surface of the
Aerofoil. Flow is carried out for Different angle
of attack () ranging from –4 to 25 deg and
the corresponding values of Cn, Ca, Cl, and Cd

are calculated and their values are tabulated
and graphically shown below.

CONCLUSION
Aerofoil of various thickness has been studied
and the parameters like coefficient of lift, drag
were plotted with various angle of attack. Also
the aerodynamic ratio L/D were considered
and discussed for the different cases of
aerofoil. From the above data it is very clear
that Aerodynamic efficiency of Case I (NACA
4415) is very high approximately 14 when
compared to other cases. Also the value of
maximum coefficient of lift for the case I is
larger around 1.4.but the stall angle for case I
is around 14 degrees. This is small when
compared to other cases (for case II it is around
18 degrees and for case III it s around 25
degrees). So Based on the flow separation
point of view, Case III is better but based on
the magnitude of force case I provides a
Optimum benefit. Since in the wind turbine
blade designs, every cross section is twisted
to around 40 degrees. Thus optimum

performance at higher angle of attack is
required, so based on that point modern low
speed aerofoil series case III is the optimum
choice.
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