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ABSTRACT

The wind turbine blade is a very important part of the rotor, extraction of energy from wind depends on
the design of blade. Development of small wind power systems is very attractive and useful to the energy
demand of local residence and small business personals where establishment of large wind power systems is
costly. Hence a research is carried out on it in the present work. In this work three wind turbine blades of three
separate aerofoils are considered for analysis. A blade for horizontal axis wind turbine is modelled using CATIA
V5R20 software. The dimensions (Twist, chord and length) are taken from a reference journal and the aerofoils
considered for analysis are NACA0015, NACA4412 and NACA4418. The aerofoil taken is same from root to
tip for each blade. The analysis of designed blade is done in flap-wise loading. The Finite element analysis of
designed blade is carried out in ANSYS V13 software. Three different aerofoils are analyzed to determine
which one has the best static behavior considering deformations,stresses and strains. The Results obtained from
ANSYS V13 software is compared with the theoretical results obtained using standard equations. The results
show that the NACA4418 aerofoil has the better static properties as compared to NACA0015 and NACA4412
aerofoils.
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I. INTRODUCTION

A wind turbine in a wind power system extracts the energy from the wind and converts it into electrical
energy and hence serves the purpose of utilizing wind energy. Large wind power systems are much economical
compared to the small wind power systems since it produces large amount of energy in terms of megawatts.
However, large wind turbines are usually located in remote areas and few specific locations where it requires
permissions from the government and environment board. Hence small wind power systems are the best choice
considering the energy demand in small businesses, residential areas and for the developing countries which are
facing the problems with shortage for electrical power supply.

In the past, many researchers have developed the model and analyzed it by considering various factors
so that it yields optimum performance. Prediction of the pitch angle along the blade radius and the chord line
profile distribution by using blade element theory, conservation of axial and angular momentum equations and
also the optimization process were considered. Aerodynamic design was the prime factor considered for the
optimum design of the blade. The blade designed using the studies and analysis obtained considerable lift
required for an optimal design. The blade used in their study had aerodynamic shapes which were in the
acceptable range of low power wind turbine. Various designs were compared and analysis was performed using
theories of physics to design an optimal and efficient blade considering geometric and aerodynamic factors
[1].The finite element method was used to analyze dynamic characteristics of wind turbine blade under the
rotational and irrotational conditions. The first five mode shapes of every condition were similar with each
other. The first and third order mode shape were flapping, the second one was the shimmy. Besides, the fourth
and the fifth order modes were both the coupled vibration of flapping and shimmy. Because of the frequencies
of flapping and shimmy was lower than the torsional vibration whose frequencies were all high order. High
order ones had little effects on the blade [2].
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Il. MODELLING AND ANALYSIS OF WIND TURBINE BLADES

A. Theoretical Modelling and Analysis

The values of Deformation and Maximum stress of the wind turbine blades are determined using

theoretical equations [10] considering some of the assumptions which are as follows,

e  The blade is uniform and continuous.

e The blade has a rectangular cross-section.
e The load is uniformly distributed.

e The blade is a cantilever beam.

The theoretical model can be represented as shown in figure 1, which can be considered as a cantilever
beam of length(l), breadth(b) and depth(d) with one end fixed and a uniformly distributed load(W) acting on it

as shown in Fig. 2,

W (Total Load)

\

Figure 1: Theoretical 3D model.

Ll

Figure 2: Load acting on the cantilever beam.

The theoretical model was assumed as a cantilever beam with specifications as shown in Table 1 and
the respective equations were used in the calculations and the results obtained are as shown below,

Table 1: Specifications of wind turbine blade

Length, | 1.2m
Breadth, b 0.15m
Depth, d 0.02m
Cut-in wind speed 3m/s
Cut-out wind speed 20 m/s
Material Glass fibre
Young’s Modulus, E 74 x 10° N/m?
Density, p 2540 kg/m®

1) Load applied on the wind turbine blade.
W =F=Cp0.5p U?Ain (N)
Where,
Cp = Drag Co-efficient = 2.05
p = Density of air at 20° C = 1.21 kg/m?
U = Wind velocity in m/s
A = Surface Area in m?

2) Maximum deformation of the wind turbine blade.

Where,

W = Load acting on the wind turbine blade in (N).

| = Length of the wind turbine blade in (m).

E = Young’s Modulus of the material of the blade in N/m?.
| = Area moment of inertia in m*.
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3) Maximum stress acting on the wind turbine blade or stress at the support.

_ Wl _ 3wl . 2
Gmax_z_ baz |n(N/m)

Table 2: Theoretical results

Parameters Theoretical results
Load applied in (N) 89.29=90
Maximum Deformation(ymay) in (m) 3.152x 107
Maximum Stress(ome) in N/m? 0.540 x 10’

B. FE Modelling and Analysis
1) Collection of wind turbine blade geometry data required for 3D Modelling.
The co-ordinates were obtained from an online aerofoil plotting site www.aerofoiltools.com at various
sections along the length of the blade,

Table 3: Aerofoil coordinates of NACA4418

Aerofoil coordinates
X(mm) Y(mm)

203 0
e 192.85 3.8367
182.7 7.0238
Name = NACA 4418 1624 126266
B e ey e L 1421 17.3565
121.8 21.1932
— 1015 24.0555
s :0‘\:3 18-l - NACA 4418 81.2 25l781
—— 60.9 25.9028
T 50.75 25.172
origin (%) [ 40.6 23.7916
Prch egreen) [g 30.45 21.6398
Helotem) o 20.3 18.4933
hwin 15.225 16.3618
o 10.15 13.7025
Xgrid (mm) [fg 5.075 10.15
YGHEGE, [0 2.5375 7.6328

Paper width (mm)  [g0) O 0
i 2.5375 -4.2833
. 5.075 -6.0697
10.15 -8.2418
Figure 3: Online aerofoil plotter tool. 126252)5 _190'42870118
30.45 -11.1447
40.6 -11.2868
50.75 -11.1447
60.9 -10.6778
81.2 -9.541
101.5 -8.1606
121.8 -6.5772
142.1 -4.9735
162.4 -3.3901
182.7 -1.8879
192.85 -1.1165

203 0

Similarly, the co-ordinate points of the aerofoils at various sections of the blade were determined and
used for 3D modelling of the wind turbine blades.

2) Creating 3D geometrical model of wind turbine blade using CATIA V5R20 software.
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Figure 4: Aerofoils generated at different sections of the Figure 5: Solid model generated using the
wind turbine blade. aerofoils at different sections

Figure 6:3D Geometrical model using CATIA V5R20 software.

3) Meshing and applying boundary conditions using Hypermesh11.0 software.

Figure 7: Meshed model using Hypermesh11.0 Figure 8: Load and fixed support applied on the
software. meshed model.

The boundary conditions such as fixed support at root and load acting on the upper surface of wind
turbine blade are shown in Fig. 8,
Table 4: FE model details
Element type SOLID45
Number of Elements 3555
Number of Nodes 3502
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I1l. RESULTS AND DISCUSSION
A. Results of Static Analysis
1. Deformation of the wind turbine blade with Aerofoil NACAO0015.
The results for deformation of wind turbine blade analysed in the ANSYS software is as shown in
Fig.9,

0.00030869
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T

0.000 0.300 (m) M<
— )
0.150 v

Figure 9: Deformation of wind turbine blade with aerofoil NACA0015.
Since one end is fixed and a uniformly distributed load is applied on it the maximum deformation is observed to
be at the free end, therefore from Fig. 9 the maximum deformation of the blade can be noted as,
Vma= 2.778 X 10°m

2. Maximum stress acting or stress at the support for wind turbine blade with Aerofoil NACAO0015.

The results for stress acting on wind turbine blade analysed in the ANSYS software is as shown in
Fig.10,
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Figure 10: Stress acting on wind turbine blade with aerofoil NACAQ0015.
Since one end is fixed and an uniformly distributed load is applied on it the maximum stress is observed to be at
the outer surface of fixed end, therefore Fig. 10 the maximum stress at support can be noted as,
Omax = 1.926 x 10" N/m?

3. Maximum strain acting or strain at the support for wind turbine blade with Aerofoil NACA0015.
The results for strain acting on wind turbine blade analysed in the ANSYS software is as shown in
Fig.11,
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Figure 11: Strain acting on wind turbine blade with aerofoil NACA0015.
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Therefore from Fig. 11 the maximum strain is at support and can be noted as,
Emax = 2.604 x 10" m/m

Similarly the NACA4412 and NACA4418 aerofoil shape wind turbine blades were modeled and
analyzed and the respective test results were tabulated as shown in Table 5.

Table 5: Theoretical and Numerical results for three aerofoils

Parameters Theoretical Numerical or ANSY'S results for Different
results Aerofoil shapes
NACA0015 | NACA4412 | NACA4418
Maximum Deformation(y.,) in Meters(m) 3.152x10° | 2.778x10° | 5.101x10° | 1.667 x 107
Maximum Stress(ce) in N/m” 0.540 x 10" | 1.926x 10" | 3.525x 10" | 1.198 x 10’

B. Discussions

The Table 5 shows theoretical and numerical results for three wind turbine blades with aerofoils
NACAO0015, NACA4412 and NACA4418. The parameters considered are Deformations, Stresses and Strains of
the wind turbine blades. Comparing the results obtained the following observations can be drawn,
e The theoretical and numerical results are comparative to each other and the variations are due to the fact that
Numerical analysis was carried for exact geometry in the ANSYS V13.0 software while Theoretical analysis
was carried out using assumptions and approximations of the theoretical 3-D model in the Theoretical
Equations.
o Considering the Maximum deformation (Yma) it can be noted that, among the three aerofoil shapes
NACA4418 has the least deformation. Hence NACA4418 has better strength and is the best choice considering
maximum deformation.
e The Maximum stress (omax) for NACA4418 has the least value among the three aerofoil shapes and hence
NACA4418 has best ability to withstand stress acting on it.

From the analysis NACA 4418 has a better Structural property and Dynamic property compared to the
other two aerofoil shape wind turbine blades.

IV. CONCLUSIONS AND SCOPE OF FUTURE WORK

A. Conclusions

The significant conclusions of the studies conducted on wind turbine blades with aerofoil shapes
NACAO0015, NACA 4412 and NACAA4418 are presented in the following sections.
e The theoretical validation of the numerical results showed satisfactory outcomes since theoretical analysis
involved some of the assumptions and approximations but both the results were comparable to each other.
o NACA4418 aerofoil gives better Structural properties considering maximum deformations and stresses
compared to NACA0015 and NACA4412 aerofoil shape wind turbine blades.
B. Scope of Future Work

The scope for future work that can be carried out on wind turbine blades are as follows,
e The blade can be made of different aerofoils for different sections of blades such as blade root, mid span and
the tip which we have considered to be same throughout.
e The angle of twist of the blade can be varied for optimization.
e The material of the blades can be varied.
o Similar studies can be made on large wind turbines with different geometries.
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