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ABSTRACT: Nowadays, renewable energy is the
primary source of clean en- ergy. Wind energy,
among other renewable energy sources, has
emergedas one of the most important solutions to
the current energy crisis. The aerodynamic
performance of the wind turbine blade must be
evaluated inorder to produce the most power in an
economic way through using a wind turbine. The
lift and drag coefficients are important parameters
to consider when analysing wind turbine blade
performance. The maximumsliding ratio is desired
in order to obtain the most power from the wind
turbine. This paper aims to deal with the numerical
investigation of wind turbine blade (S821 airfoil)
aerodynamic characteristics at the chord Reynolds
number of Re = 0.68 x 10°. The numerical
simulations of the flow around wind turbine blade
have been carried out by using the com- putational
fluid dynamics (CFD) software; ANSYS
workbench. A nu- merical investigation of the low
speed flows around the wind turbine blade is
presented using k- € turbulent model. The recorded
maximum coefficient of lift and sliding ratio are
observed to be 0.8447 at 22° angle of attack and
442 at 8° angle of attack. The comparison with
literature results shows that the CFD approach used
in this study can accurately predict the
aerodynamic characteristics of wind turbine blade.
We be- lieve that the results shown in this paper
will be useful for wind turbine blade design
engineers.

Keywords: Wind turbine blade, CFD, Sliding
ratio, Aerodynamic char-acteristics

l. INTRODUCTION
The global demand for energy is
increasing on a daily basis. There is no hope for its
reduction because the population and thus demand
will continue to grow. It is extremely difficult to
meet all of the demand in such an increasing
demand, and even if it is met, it will result in

environmental pollution and other negative
consequences for the envi- ronment, as the majority
of today's energy is generated by non-renewable
energy sources [1].

Wind power has the most promising
prospects of any renewable or sustainable en- ergy
technology. Furthermore, wind energy is becoming
more popular around the world because it is
available everywhere and is a useful renewable
energy source that does not contribute to global
warming due to radiation [2]. Wind energy
construction effi- ciency is becoming increasingly
important as the global use of wind energy grows.
Furthermore, wind energy is a low-density power
source. To make wind power eco- nomically viable,
the efficiency of converting wind energy into
mechanical energy mustbe maximised [3].

Horizontal Axis Wind Turbines (HAWT)
and Vertical Axis Wind Turbines (VAWT) are the
two types of wind turbines. Horizontal turbines have
blades that rotatein a plane perpendicular to the axis
of rotation. HAWTS are the most common type of
wind turbine and come in a variety of sizes and
shapes. Drag forces are the most com-mon type of
force acting on HAWT blades. The rotation axis
coincides with the axis of power generation in
Vertical Axis Wind Turbine blades [6]. A wind
turbine is made up of several major components,
including the rotor, generator, driven chain, control
sys-tem, and so on. The wind drives the rotor, which
rotates at a predetermined speed about the wind
speed, allowing the generator to produce electric
energy under the control regulation of the system.
To obtain the greatest amount of kinetic energy
from wind, many people have put a lot of time and
effort into the design of an effective geometry.

Many research papers have been published
so far on various wind turbine blade pro-files for the
2D airfoil, and limited papers in the case of the 3D
wind turbine blade. Fewexamples are, Mohamed A
et al., (2012), studied aerodynamic analysis of an
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S-series wind turbine blade which has been
performed using the Computational Fluid Dynamics
(CFD) method based on the finite-volume
approach. The performance of various bladeprofiles
at various wind speeds has been investigated, and
the optimum blade profile for each wind speed has
been determined using the maximum sliding ratio.
It has been concluded that the CFD code in this
study can correctly predict the aerodynamic loads
on wind turbines [4]. For the simulation, various
wind speeds in Egypt have been used to produce
profiles for  Egypt's weather conditions.
Hoogedoorn et al., has also per- formed 2D CFD-
RANS simulations at high Reynolds numbers for
the wind turbine blade profiles NACA 0008 and
NACAOQ012 [5]. As a result, the research articles
avail- able on HAWT's aerodynamic performance
analysis mostly focus on the range of high wind
speeds, with very few studies focusing on the low-
speed range.

Although the wind turbine blade
aerodynamic performance has been a hot topic in
the non-renewable energy sources for quite some
time, the present study quantifies the wind turbine
blade aerodynamic performance characteristics
under the influence of low-speed range through
using the ANSYS workbench. The wind turbine
blade profileselected based on the previous research
carried out by M. M. M. Talukder et al., (2016).The
objective of the current research is to fill the above-
mentioned research gap and outline the possible
effectiveness and usability of a wind turbine blade
for HAWT ap- plications. The purpose of our
research is twofold: Firstly, to investigate the

feasibilityof a numerical simulation approach with
the aim of studying the effect of the aerody- namic
loads on the wind turbine blade; Secondly, to
analyze the impact of the aerody-namic loads under
the influence of low-speed range with the aim of
understanding the effectiveness and usability of a
wind turbine blade. The numerical data obtained
are compared with experimental data [7].

1. NUMERICAL APPROACH

The numerical simulations of the flow
around wind turbine blade have been carried out
through using the commercial CFD software;
ANSY'S workbench. A C — type do- main has been
created around the solid body, and then the fluid
volume has been ex- tracted for analysis, as shown
in Figure 1. The total number of elements and
nodes found are 1.9 million and 2.01 million.
Figure 2 shows the 3D computational grid gen-
eration and boundary conditions over the wind
turbine blade. The numerical simulation has been
performed for a different angle of attack, i.e. -4°
to 30° at Reynolds num-ber 0.68 x 10° the flow
model is considered as standard k-e turbulent.
Residual targetfor convergence criteria has been set
at 1*E®,

The wind turbine blade airfoil (S821)
coordinates extracted from NREL’s airfoildatabase
[8]. The far-field incoming air has a velocity of
5 m/s [chordbased(c =
0.2 m)Re = 0.68 x 10°] at a different angle of
attack i.e. -4° to 30°.

Fig. 1. C-Type Domain around the wind turbine blade with boundary conditions
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Fig. 2. 3D Computational grid around the wind turbine blade

In this study, the aerodynamic characteristics of the wind turbine blade are calculated by the coefficients of lift and
drag, which are defined as follows:

L
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Where Cis the drag coefficient and Ciis the lift coefficient, D is the drag, L is the lift, v,is the air free-stream
velocity, c is the chord length of the airfoil, and p..is the density of air [9].

The governing equations are written as [10]
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Where the term—p_'u]is the Reynolds stress term. The transport equations of k and e used in k-¢ turbulence model
are written as:
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The above equations contain 5 adjustable
constantsGsC»sCowandasthat are the tur- bulent
Prandtl numbers for k and e, respectively, which
have default values,

Gis = 1.44, C,s = 1.92, C, = 0.09, ¢ = 1.00 andos
=1.30
1. RESULTS AND DISCUSSIONS
Fig. 3(a) shows the pressure distribution
over the wind turbine blade at the stall angle of
attack. It is obvious that the maximum pressure is
generated at the leading edge. The pressure contour
clearly shows the creation of negative pressure at
the top and bottom surfaces of the wind turbine
blade. The lift force results from these two
imbalanced forces of negative pressure at both of
the surfaces. Increasing the angle of attack up toa
certain limit leads to increasing the negative
pressure at the top surface whereas de- creasing the
negative pressure at the bottom surface, and that is
the reason why the liftincreases. But after a certain
angle of attack, the opposite phenomenon occurs
owing to the separation of flow from the upper
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surface of the airfoil and formation of wake nearthe
trailing edge which ultimately decreases the lift and
increases the drag.

Fig. 3(b) shows that the streamlines over
the wind turbine blade has started to detachfrom the
upper surface on passing the air over the trailing
edge of the wind turbine blade where small vortices
are created and consequently creating a small
amount of negative pressure. Consequently, the
wakes resulting from these vortices and negative
pressure near the separation point of the
streamlines over the wind turbine blade leads to
increasing the drag. Flow separation begins to
occur at small angles of attack at the same of
dominating the attached flow over the wind turbine
blade. As the angle of attack increases, the
separated regions on the top of the wind turbine
blade increase in size and hinder the wing’s ability
to create lift. At the critical angle of attack,
separated flow is so dominant that further increases
in angle of attack produce less lift and vastly more
drag.
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Fig. 3(a). Pressure contour Fig. 3(b). Velocity contour

Fig.3 (a) & 3 (b), Pressure & velocity contours of
wind turbine blade for stall angle ofattack (i.e., 22°)
at5m/s

The Coefficient of pressure decreases from -0.493

at -4° angle of attack, reaches a low of -0.498 at 0°
angle of attack, and then increases with increase in
angle of attack to a maximum value of -0.3247 at
30° angle of attack as shown in Figure 4.

-3 0 5 10 15 20 25 30
Angle of Attack (degree)
DOI: 10.35629/5252-05089398 [Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal Page

108



\’di , International Journal of Advances in Engineering and Management (1IJAEM)

—

JAEM

Volume 5, Issue 8 Aug 2023, pp: 105-111 www.ijaem.net

Fig. 4. Coefficient of pressure vs. angle of attack

Figures 5 shows the profiles of the
coefficient of lift vs. angle of attack. The Iift
coefficient increases linearly by increasing the angle
of attack (-4° to 30°) and it reachesthe maximum at
22° angle of attack. Further increasing the angle of
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attack, it will leadto stall. The recorded maximum
coefficient of lift for wind turbine blade is 0.8447
at 22° stall angle of attack, also termed as the
critical angle of attack.

15 20 25 30

Angle of Attack (degree)

Fig. 5. Coefficient of lift vs. angle of attack

Figure 6 shows the lift/drag ratio (sliding
ratio) vs. angle of attack. From the Figure 6, it’s
evident that the sliding ratio reaches maximum at
8° angle of attack at 5 m/s. After reaching its
maximum value, the sliding ratio gradually
decreases as the angle of attack increases. It is

300

concluded that, in order to maximise the wind
turbine's power output, the operating angle of
attack should be between 6° and 10° for wind
turbine blade.
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Fig. 6. Sliding ratio vs angle of attack

1IV.  VALIDATION

The aerodynamic characteristics of wind
turbine blade have been numerically inves-tigated at
various angle of attack, and aerodynamic
performances have been validated with literature
(Wind tunnel experimental results) [7]. Figure 7
shows the coefficient of lift versus angle of attack
for the wind turbine blade and it is observed that
validation process could ultimately result in the

discrepancy between the numerical and experi-
mental data because the experimental data captured
for 2D and numerical simulations carried out for
3D at Re = 0.68 x 10°. From the literature results,
the critical angle ofattack is occurred at 14° angle
of attack for 2D case. Whereas, for 3D case, the
criticalangle of attack is occurred at higher angle of
attack i.e. 22° angle of attack. The maxi- mum
variation of the coefficient of lift from numerical
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and literature results at 5 m/s and 14° stall angle of
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attack is 46.87%.
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Fig. 7. Coefficient of lift vs angle of attack at 5 m/s

Figure 8 shows the lift/drag ratio (sliding ratio) versus angle of attack for wind turbine blade. The maximum
variation of lift/drag ratio (sliding) obtained from numerical and literature at 5 m/s and 8° AOA is 39.98%.
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Fig. 8. Computational sliding ratio versus angle of attack curve of wind turbine bladeat 5 m/s.

V.  CONCLUSIONS

According to the findings, the sliding ratio
is an important factor in determining the
effectiveness and usability of a wind turbine blade
profile. The optimum angle of attack should lie
between 5° to 10° angle of attack to get the
maximum sliding ratio and maximum power
extracted from the wind turbine blade. It should
also be noted that asthe angle of attack exceeds the
optimum range, the sliding ratio decreases and the
difference in sliding ratios becomes very small.
Moreover, it is concluded from the results that the

NREL wind turbine profile S821 is the most
efficient blade profiles and they are suitable for
wind turbines working at low wind speeds.
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