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Abstract - Wind energy is consistent source of energy. It
doesn’t harm the environment. But it is more important to
capture the wind energy. The shape of wind turbine blade
plays very important role in capturing wind energy. In this
paper, one element of this methodology ie. aerofoil
performance prediction is considered. The aerofoil has
tendency to separate the flow at low Reynolds number. This
has prompted the investigation of different methods to control
the flow separation. In this paper an attempt is made to
predict performance of aerofoil by controlling the flow
separation with addition of circular dimples on upper surface
of aerofoil. NACA0012 aerofoil was considered as wind turbine
blade for the present work. Two models were analyzed for lift
and drag performance ie. one with regular surface and
another with dimples on upper surface. The height of dimples
was selected as 3 mm i.e. 1% of chord length and was placed at
distance of 210 mm i.e. 70%of chord length from leading edge.
Numerical analysis was done using ANSYS Fluent. The
coefficient of lift to drag ratio was calculated by numerical
method at various angles of attack. It was found that there
was increase in lift to drag ratio after addition of circular
dimple over upper surface of aerofoil.

Key Words: aerofoil, Reynolds number, chord length,
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1. INTRODUCTION

The primary application of wind turbine blade is to convert
wind energy in to electrical energy. Hence, the study of
aerodynamics is an important aspect of wind turbine. While
setting up of these wind turbines, it needs little research
before being established which aims at attaining the highest
possible power output under specified atmospheric
conditions. The low Reynolds number aerodynamics is
important for such case. Many aerofoil applications fall into
this range such as Unmanned Air Vehicles, sailplanes, jet
engine fan blades, inboard helicopter rotor blades and high
altitude devices [1, 7]. But the behavior of flow over aerofoil
at low Reynolds number affects the aerodynamic efficiency
significantly. Thus it becomes necessary to study the
behavior of flow separation over aerofoil at low Reynolds
number and identifying different methods to control it.

In this regard, various attempts were made by researchers in
order to control the flow separation over aerofoil at different
Reynolds number and angles of attack. Mohammad Mashud
et al. [2] investigated experimentally using subsonic wind
tunnel, the effect of partial dimples on upper surface of
NACA0012 aerofoil. P. D. Gall et al. [3] had placed dynamics
roughness i.e. actual humps which oscillate with unsteady
motion on leading edge of aerofoil. The experimental &
numerical analysis was performed to check aerodynamic
efficiency. Deepanshu Srivastav [4] analyzed numerically the
effect of outward and inward dimple over upper surface of
aerofoil to control the flow separation. Lei Juanmian et al.
[7] studied the process of flow separation over SD8020 by
simulating the flow using finite volume method at low
Reynolds number. A. Dhiliban et al. [8] had performed
experimental and numerical analysis of NACA0018 aerofoil
profile by adding triangular roughness on upper & lower
surface from 55% to 90% of chord length. Agrim Sareen et
al. [11] tested DU 96-W-180 airfoil with four different
symmetrical V-shaped riblet sizes (44, 62,100, and 150-um)
at three Reynolds numbers (1x106, 1.5x10¢, and 1.85x10¢)
and at various angles of attack. Syed Hasib Akhter Faruqui et
al. [12] investigated numerically the effect of bumpy surface
at 80% camber for NACA4315 profile.

The results of these studies have shown that for low
Reynolds number there is formation of laminar separation
bubble which causes aerofoil to stall after burst leading to
separation of flow near to the surface of aerofoil. This flow
separation could be controlled by simple
modifications in aerofoil profile. The flow separation could
be delayed or controlled by dynamic roughness on leading
edge or with bumpy surfaces on upper surface of aerofoil.

surface

Although the surface modification has proven to be effective
in flow separation control butlittle research is carried out on
type, size, location, area etc. of the modification.

2. AEROFOIL NOMENCLATURE

An aerofoil is the shape of a wing or blade (of a propeller,
rotor or turbine) or sail. An aerofoil shaped body moved
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through a fluid produces an aerodynamic force. The
component of this force perpendicular to the direction of
motion is called lift. The component parallel to the direction
of motion is called drag. Fig-1 shows the cross section of an
aerofoil mentioning its basic nomenclature.
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Fig -1: Basic Aerofoil Nomenclature [10]

Leading edge: The leading edge is the part of the aerofoil
that first comes in contacts with the air. Alternatively it is the
foremost edge of an aerofoil section.

Trailing edge: The trailing edge of an aerodynamic surface
such as a wing is its rear edge.

Chord length: The chord length is a straight line connecting
the leading and trailing edges of the aerofoil. The line joining
leading edge & trailing edge is known as chord line.

Angle of attack: Angle of attack (AOA) is the angle made by
chord line with oncoming fluid on aerofoil.

Camber: It is deviation of surface of aerofoil from mean
center line or chord line. There are two types of camber i.e.
upper and lower camber depends on deviation of surface in
upward and downward direction respectively from chord
line.

2.1 NACA

The National Advisory Committee for Aeronautics (NACA) is
a US. federal agency which undertakes, promote, and
institutionalize aeronautical research [15]. This NACA
aerofoil series is controlled by 4 digits NACA MPXX

e M s the maximum camber divided by 100.

e Pisthe position of the maximum camber divided by

10.
e XXis the thickness divided by 100

3. NUMERICAL ANALYSIS

In this paper, 2D NACA0012 aerofoil profile was considered
for numerical analysis of wind turbine blade. It is a
symmetrical type of aerofoil profile. The X & Y coordinates
for this profile were taken from NACA data to prepare the
model. The chord length of aerofoil for the study was

considered as 300 mm and maximum thickness as 36 mm.
Two types of models were considered for analysis

i) NACA0012 with regular surface. (Fig-2)

ii) NACA0012 with circular dimples. (Fig-3)
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Fig-2: Geometry of NACA0012 with regular surface
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Fig-3: Geometry of NACA0012 with circular dimples

The dimesions shown in Fig-2 & Fig-3 are in mm. The
dimples were added at distance of 70% of chord length i.e.
210 mm from leading edge as flow starts to separate from
that point [12].

ANSYS Fluent has been used for numerical analysis of
aerofoil. The Viscous-Laminar model has been used to
determine coefficient of lift and drag. The tetrahedral type
of meshing is used with smallest element size of 0.001 m.
Fig-4 shows the structure of meshing for NACA0012 with
dimple size 1% of chord length when angle of attack is 10
degrees.

Fig-4: Structure of Tetrahedral Meshing
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3.1 INPUT AND BOUNDARY CONDITION

The numerical analysis has been carried out over NACA0012
to predict lift & drag performance of aerofoil. The following
boundary conditions have been used

Table -1: Input and Boundary Conditions

Sr. No. Input Value
1 Chord Length 300 mm
2 Maximum Thickness 36 mm
3 Velocity of fluid 6m/s
4 Density of fluid 1.22 kg/m3
Angles of Attack

R 0,10,12,15,17,19,21 and 23
(in degrees)

6 Model Viscous-Laminar
7 Inlet Boundary Velocity-Inlet
8 Outlet Boundary Pressure-Outlet

4. RESULTS & DISCUSSION

The coefficient of lift (CL) and coefficient of drag (CD) was
determined using ANSYS Fluent for both geometries and their
performance is represented in Chart-1 & Chart-2

NACA0012 with Regular Surface
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Chart-1: CL, CD Vs Angles of attack for regular surface
aerofoil

Chart-1 shows the lift and drag performance of NACA0012
with regular surface i.e. without dimples for different angles
of attack from 0° to 239. From Chart-1 it is clear that for
NACA0012 aerofoil with regular surface, coefficient of drag
(CD) increases as angle of attack goes on increasing. The
value of coefficient of lift (CL) increases initially with increase
in angles attack, but after reaching 179 the value of coefficient
of lift is suddenly decreasing and goes on decreasing as per
increase in angles of attack. The condition at which value of
coefficient of lift starts reducing is known to be stalling
condition.

Chart-2 shows the lift and drag performance of NACA0012
aerofoil with dimples on upper surface for different angles of
attack from 00 to 230.

NACA0012 with Dimples on
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Chart-2: CL, CD Vs Angles of attack for aerofoil with
dimples on upper surface

Chart-2 indicates that the for NACA0012 aerofoil with
dimples on upper surface, coefficient of drag goes on
increasing as angle of attack increases whereas graph for
coefficient of lift is also showing the same nature. Here, for
this aerofoil, the values of coefficient of drag are higher as
compared with that of Chart-1 which is responsible for
reducing the aerodynamic efficiency. Although the coefficient
of lift is increasing with angle of attack, the net effect is
reduced efficiency for higher angles of attack. Hence another
parameter is considered in order to know the performance
i.e.lift to dragratio also known as coefficient of performance.
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Chart-3: Coefficient of performance Vs angles of attack

Chart-3 shows the coefficient of performance for NACA0012
aerofoil with regular surface and dimples for differentangles
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of attack. The coefficient of performance graph clearly
indicates that NACA0O12 aerofoil with dimples on upper
surface have higher value as compared to NACA0012 aerofoil
with regular surface at 109 angle of attack.

4.1 VELOCITY CONTOUR PLOTS

The velocity contour plots have been drawn for NACA0012
for various angles of attack (AOA). Fig-5 to Fig-8 shows the
velocity contour plot for NACA0012 with regular surface at
velocity of 6 m/s.

Fig-12: Velocity contour plot at 21 & 23 deg. AOA

The velocity contour plot clearly indicates that, for
NACA0012 aerofoil with dimples on upper surface has the
higher velocity regions over upper surface of aerofoil as
compared to aerofoil with regular surface for higher angles of
attack. Hence for aerofoil with dimples on upper surface hasa
low pressure region result in high lift coefficient.

5. CONCLUSIONS

In this paper, NACA0012 models with regular surface and
with dimples on upper surface were analyzed for lift and
drag performance at velocity of 6 m/s. The size of dimple
was considered as 1% of chord length. The numerical
analysis shows that

1. The addition of dimples increases the value of
coefficient of lift but at the same time it also increases
the coefficient of drag with increase in angles of

T 10
R e attack.
Fig-8: Velocity contour plotat 21 deg & 23 deg AOA 2. The lift to drag ratio has shown higher value for
aerofoil with dimple on upper surface as compared to
Fig-9 to Fig-12 shows the velocity contour plot for NACA0012 regular surface aerofoil.

3. Addition of outward dimples over upper surface of
aerofoil results in increased aerodynamic
performance.

4. The addition of circular dimples over upper surface
has produced high velocity region in vicinity of upper
surface as compared to regular surface model.

aerofoil with dimples on upper surface at velocity of 6 m/s.
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Fig-9: Velocity contour plot for 0 & 10 deg. AOA
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