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Abstract. In the global scenario, wind turbines and their aerodynamics are always subjected to constant research for
increasing their efficiency which converts the abundant wind energy into usable electrical energy. In this research, an
attempt is made to increase the efficiency through the changes in surface topology of wind turbines through
computational fluid dynamics. Dimples on the other hand are very efficient in reducing air drag as is it evident from
the reduction of drag and increase in lift in golf balls. The predominant factors influencing the efficiency of the wind
turbines are lift and drag which are to be maximized and minimized respectively. In this research, surface of turbine
blades are integrated with dimples of various sizes and arrangements and are analyzed using computational fluid
dynamics to obtain an optimum combination. The analysis result shows that there is an increase in power with about
15% increase in efficiency. Hence, integration of dimples on the surface of wind turbine blades has helped in
increasing the overall efficiency of the wind turbine.

1 Introduction
In the modern scenario energy crisis and fossil fuel
depletion has urged many countries to switch to other forms
of renewable sources of energy. Among various forms of
renewable energy, hydel and wind energy plays vital role in
energy generation because of their surplus availability and
higher efficiencies of energy transformation compared with
tidal or solar. The amount of installed wind power is
increasing every year and many nations have made plans to
make large investments in wind power in the near future.
High efficiency wind turbines are being designed on the
chase of energy conversion and the analysis showed that
the maximum extraction of energy possible from a turbine
rotor is about 59% of the incoming kinetic energy [1-4].
The general public associates’ wind turbines with
horizontal axis wind turbines and are unaware of the
several other technologies based on the vertical axis wind
turbines which are less frequently used [5-8]. The energy
absorbed from the wind is converted into mechanical
energy by using wind turbines that is used to drive an
electrical generator and then converted into electrical
energy [9-13]. Based on our requirement airfoil blades are
selected from the national renewable energy laboratory Sseries, thicker than the ones that are seen on airplanes and
for the generation of about 1.5MW power at wind speeds of
12-20m/s, the optimal blade was found to have a span of 40
a

meters [14-17]. The turbine blade is joined with the hub
with the help of a cylindrical root section and blade profile
is divided into three sections. Three different profiles such
as S818, S825 and S826 are included in each section of the
blade starting from the root. The blade was modelled with
3D CAD software and airfoils modelled with the point data
which defines a particular airfoil with the blade dimensions
including twist, chord length and span with respect to 40
meters blade length [18-21]. Earlier the scientists used to
create scaled prototypes of the aerofoil to be analyzed and
then place them in large wind tunnels to simulate the real
world working conditions [22-25]. In modern times the
process of testing and analysis has been highly
computerized and is solved using computational fluid
dynamics (CFD) [26-29]. The geometry of the problem
here is the turbine blade which has to be analysed. The
blade is modelled using the solid works modelling software
and then imported to the CFD analysis software and a
domain is created for the study which acts as a virtual
boundary for the fluid [30-33]. The behaviour of a wind
turbine rotor in a flow field may conveniently be analyzed
by introducing the actuator disc principle [32-35]. The
basic idea of the actuator disc principle in connection with
rotor aerodynamic calculations is to replace the real rotor
with a permeable disc of equivalent area where the forces
from the blades are distributed on the circular disc. The
basic assumption for a classical blade by element
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momentum method is the annual stream tubes are
independent [36-39]. Thus by using this methodology along
with the Reynolds averaged navier-stokes equations a near
to actual result can be obtained.
1.1 Dimples
Dimples are small depressions on the surface which is
usually permanent like in case of a golf ball. The presence
of dimples increases the amount of energy and linear
momentum that are available to those particles of fluid that
move in a tiny region near to the surface of the ball called
the boundary layer as shown in Figure 1. The existence and
importance of the boundary layer are due to the peculiar
behaviour of fluid friction near the surface of a solid body
that is in relative motion with the surrounding fluid. In case
of a golf ball, dimples trip air particles that are moving
close to them. This disturbance causes the particles to jiggle
sideways while they travel forward, instead of staying in
lanes of traffic that are perfectly parallel to each other at all
times, as expected in laminar flow. This jiggling forces
particles in adjacent lanes to bump into each other, causing
linear momentum to be transferred through bumping. When
bumping is vigorous enough, its net result is that the bulk
flow of air in the boundary layer becomes turbulent. Based
on the above an attempt was made to increase the efficiency
by changes in surface topology of wind turbine blades by
CFD and ANSYS R 16.0.
1.2 CFD Analysis
Initially, CFD analysis was carried out without dimple done
in order to find out the degree of accuracy to obtained
results and match with the actual results and also to
differentiate the efficiency between the blades with and
without dimples. Blade alignment, domain dimensions,
mesh settings and boundary conditions are considered to be
the same for both the blades. Since the blades of the wind
turbine are identical and are symmetrically arranged at
angular gaps of 1200, it is enough to analyse only one blade
with a domain in the shape a sector having 1200 angle. The
blade is positioned 1m away from the axis of rotation to
compensate for the hub. The wind speed considered for
analysis is 12 m/s with the blade rotating at the speed of 2.2
rad/sec or 21 rpm. The relative motion between the blade
tip and the flow stream results in a relative velocity which
approaches the blade at an angle of 960 where as this angle
is obtained by using the velocity vectors of the wind as well
as the blade and then finding their resultant. Hence, the
blade is also rotated in order to make its tip incline at the
same angle. This causes the tip of the blade to have an
almost zero angle of attack. Based on the actuator disc
principle, a fluid domain is created for the wind turbine
with dimensions of inlet face radius is 120 m, inlet face
distance from rotor is 90m, outlet face radius is 240 m and
outlet face distance from rotor is 180 m. The above
mentioned radii are that of the sector which will cover only
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one blade, using the symmetric boundary condition the
entire wind mill is analysed. The domain is created using
the ANSYS R16.0 design modular software. The blade
profile is then subtracted from the blade to create a void
which acts as a virtual boundary. The speed of rotation is
given as 2.2 rad/s which is the maximum speed with which
the windmill will rotate in its optimum conditions with
wind speeds of 12-20m/s. K-omega equation model is
chosen for the analysis and hybrid initialization carried out.

2 Results and Discussion
The plain blade was first analysed with the above
mentioned settings and the following results were obtained.
The pressure (Pr) contour of the top side of the blade as
shown in the Figure 2 shows the low pressure created at the
top surface of the wind turbine blade. The pressure contour
of the bottom side of the blade is shown in the Figure 3.
The pressure developed at the bottom is significantly higher
when compared to that of the top side of the blade which
confirms that lift is generated. From Figure 4 it is clear that
a high pressure is created at the bottom surface just near the
leading edge of the blade and it creates a resistance to the
rotation of the turbine and is otherwise known as drag. So,
from this the position at which the drag force acts and is
maximum visible. This data is then used to approximate a
region where the dimples would be most effective and this
region is found to be on the bottom face of the blade in the
mid region near the trailing edge. Only the mid region is
selected as the region near the root is too slow for drag to
have a considerable effect and the region near tip is too fast
for dimples to have any considerable effect hence dimples
are designed and shown in Figure 5.

Figure 1. Dimple Effects on Golf Ball

Figure 2. Pressure of Plain Blade Top View
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Figure 7. Dimpled Blade Pressure Bottom View
Figure 3. Pressure of Plain Blade Bottom View

Figure 8. Dimpled Blade Pressure Cross Section
Figure 4. Pressure of Plain Blade Cross Section
The pressure developed at the bottom is significantly
higher when compared to that of the top side of the blade.
This high pressure region however is much lesser compared
to the plain blade at the region where the dimples have been
placed. This indicates that the dimples have effectively
reduced the pressure in the region by creating turbulence
and hence reduced the drag. By comparing the pressure
contour of the cross-section of the dimpled blade as shown
in Figure 8 to that of the plain blade, it is seen that the
highest pressure as described in the legends have a
negligible difference but the region of high pressure is
significantly larger in the plain blade. This implies that due
to a smaller region of high pressure, the drag in dimpled
blades is lesser.

Figure 5. Design of Modified Blade with Dimples

2.1 Analysis of Torque and Power

Figure 6. Pressure of Dimpled Blade Top View
After the dimples have been included in the design of
the blade, it is then analyzed with the above mentioned
settings and the following results are obtained. The pressure
contour of the top side of the dimpled blade is shown in the
Figure 6 which shows that the low pressure that is created
at the top surface of this blade is similar to that of the plain
blade. This implies that there is no effect of the dimples on
the pressures of the top surface. The pressure contour of the
bottom side of the dimpled blade is shown in the Figure 7.
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The torque produced by the wind turbine is calculated by
means of the function calculator of ANSYS R16.0 CFD
post. Only the torque produced by the blade is calculated
about the global z-axis as it is the defined axis of rotation in
this model. For the plain blade, the torque produced by
single blade is found to be 258895 Nm and so the torque
produced by the turbine is 776715 Nm which can be
converted to power using the formula,
P = 2𝜋NT/60,
Where, P is the power, N is the seed of rotation in rpm
and T is the torque produced
The power is thus found to be 1.70 MW and this power
is transmitted to the generator and during the transmission
about 20% loss occurs. This makes a power 0f 1.36 MW to
the generator which is much closer to the actual value. For
the dimpled blade the torque produced by single blade is
found to be 296615 Nm and so the torque produced by the
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turbine is 890054 Nm which when converted to power is
1.9 MW. After the transmission loss the power available to
the generator is about 1.5MW. While comparing the power
outputs, it is inferred that there is about 15% increase of
power in dimpled blade turbine when compared to the plain
blade turbine.
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3 Conclusions
The above study on wind turbine blade designed with
dimples was done for reducing the air drag in order to
increase the efficiency of the blades. From the results the
following conclusions were arrived.
 The numerical investigation focused on the aerodynamic
effects contributing to torque which eventually improved
the performance levels due to the inclusion of dimples.
 The S-series blade profile was chosen for optimum
performance of generating a target of 1.5MW power
under wind speed range of 12-20 m/s by combining three
profiles together.
 The combination proved to have more strength and was
found to be thick using actuator disc method without any
modifications on the surface.
 Nearly about 1.4 MW power was found to be generated
when the dimples were included which is a good level of
accuracy when compared with actual value.
 The results showed an increase in power and also 15%
increase in efficiency with the addition of dimples on the
surface of wind turbine blades.
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