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Abstract - Wind energy has been shown to be one of the most viable sources of renewable energy. This wind power or 

energy is used to generate mechanical power or electricity. For effective utilization of available wind energy, it is 

imperative to study the behaviour and performance of wind turbines subjected to aerodynamics, fatigue and other 

ambient conditions. It also includes lift and drag forces. In order to improve the efficiency, lift and drag forces are 

minimized by adopting the relevant air foil structure. So taking the existing structure of NACA 4415 profile as initial 

structure the blade is modelled in SOLIDWORKS, the structural analysis is compared in ANSYS APDL and the flow 

analysis is done through ANSYS FLUENT. The drag, lift and other performances are measured for comparison. The 

blade is modified and analyzed by altering its boundary conditions for comparison with the previous results for 

optimization. 
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I. INTRODUCTION 

Energy is very important in today's world. As the need of 

electrical energy is huge, electricity is generated from 

various resources. They are categorized by Renewable 

energy sources and Non-renewable energy sources. 

Most non-renewable energy sources are fossil fuels which 

takes several years to form. Hence Renewable energy is 

energy generated from natural resources. Renewable energy 

technologies range from solar power, 

wind power, hydroelectricity/micro-hydro, biomass and 

biofuels for transportation. 

Wind mill is a mill which makes use of wind turbines to 

convert the kinetic energy in the wind into rotational energy 

(mechanical power) by means of vanes called sails or 

blades. The system of wind power generation is shown in 

Fig 1. 

Classification of wind turbine based on axis of rotation 

 Horizontal axis wind turbine (HAWT) 

 Vertical axis wind turbine (VAWT) 

Most of the wind turbines available for power production 

are horizontal axis wind turbine systems. 

The blades on the turbine are made of carbon-fibers, glass-

fiber, and solid timber material. Timber can be used for the 

development because of their long fatigue life and less cost. 

But developing complex aerodynamic shapes with timber is 

a difficult task. Easier starting of the rotor can be obtained 

with a design having low mass. 

 

Fig 1. Wind energy 

The primary aim of developing the Wind turbine blades is 

to produce maximum power at minimum cost. The design 

process of the blades is driven by the aerodynamic 

requirements, but in economics, construction cost should be 

nominal. In practice, the blade tends to be thicker than the 
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aerodynamic optimum close to the root, where the stresses 

due to bending are greatest.  

Selection of materials and manufacturing method will show 

their influence on the development of blade. The selection 

of material and manufacturing method must be able to 

produce an aerodynamically better performing blade. For 

instance, prepeg carbon fiber is stronger and show more 

stiffness than infused fiber glass. The selected aerodynamic 

shape gives rise to loads, which are fed into the structural 

design. Problems identified during this stage may help to 

modify the shape if necessary.  

Apart from lifting force there is retarding force acting on 

the blade called drag. Drag force is a force, which acts 

parallel to the direction of flow of wind, increases with 

Angle of attack. For a better shaped air-foil, the lift force is 

greater than the drag, but at very high angle of attack, when 

the blade stalls the drag increases suddenly. So the blade 

reaches maximum lift/drag ratio at an angle slightly less 

than the maximum lift angle. Fig.2 shows the various 

aerodynamic forces. 

 
Fig. 2. Aerodynamic forces 

The shape of wind turbine blade is the main consideration 

in developing the lift. The curved shape existing the one 

side of the blade generates low air pressure and pushes on 

to the other side of the airfoil because of its high pressure. 

The net result is called a lift force perpendicular to the 

direction of air flow direction. A greater angle between the 

blade and the wind may increase the lift force up to some 

extent and if the attacking angle becomes very high, the 

blade tends to stall and the lift decreases. This angle is 

called angle of attack and it should be optimal to generate 

maximum lift. 

To produce a good lift / drag the thickness of the airfoil 

should be maintained between 10 to 15% of the chord 

length. If the thickness is increased further the essential lift 

may not be produced. 

The NACA airfoils are airfoil shapes for aircraft wings 

developed by the National Advisory Committee for 

Aeronautics (NACA). The shape of the NACA airfoils is 

described using a series of digits following the word 

"NACA." The parameters in the numerical code can be 

entered into equations to precisely generate the cross-

section of the airfoil and calculate its properties. 

The blade moves faster at the tip than at the root, this shows 

a greater apparent wind angle. The blade must be 

developed with a twist along the length. Normally the twist 

angle is around 10°- 20° from root to tip. 

Types of load act on Wind Turbine 

 Aerodynamic blade loads 

 Gravity loads on the rotor blades 

 Centrifugal forces and Coriolis forces due to 

rotation 

 Gyroscopic loads due to yawing 

II. MODELING 

In this paper the blade of horizontal axis wind turbine is 

modelled in the modelling software Solidworks 2014. 

To model a wind turbine blade, the aerodynamic characters 

are very important for consideration. So aerofoils are 

developed with the help of NACA (National Advisory 

Committee for Aeronautics). From the industrial 

applications one of the best profile NACA 4415 have been 

selected for our consideration. Using the software NACA 

45 a profile have been developed with 30 coordinate points.  

In the four digit series, NACA 4415 airfoil has a maximum 

camber of 4% located 40% (0.4 chords) from the leading 

edge. In NACA shape 44xx, ’xx’ being replaced by the 

percentage of thickness to chord.  The number 15 of the 

4415 series indicates that the airfoil has a 15% thickness to 

chord length ratio i.e. 15% as thick as it is long. 

 

Fig 3. NACA 4415 profile 

The coordinates of NACA 4415 profile is developed from 

the software NACA 45 with 30 points for the curvature 

accuracy as shown in Fig 3. And taking initial chord length 

as 200mm coordinate is tabulated in Table 1. 

Since, the blade does not have any uniform cross section, 

the ratio of convergence is calculated as per the BEM 

theory. Also the twists in every plane in equal distance also 

vary. So by assuming there are 10 plane divisions the 

profile with different chord length C and angle of twist ‘β’ 

are calculated. 

Table 1. Key points of NACA 4415 
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X  Coordinate Y Coordinate 

200.0416 0.3122 

197.905 0.9786 

191.5746 2.8896 

181.2892 5.8008 

167.4494          9.3582 

150.6126 13.1548 

131.4794 16.7736 

110.8702 19.8172 

89.6954 21.9292 

68.6926 22.7396 

48.8892 21.6866 

31.4882 18.881 

17.3654 14.7448 

7.1796 9.8532 

1.337 4.7912 

0 0 

3.0336 -3.9296 

10.1114 -6.5818 

20.8312 -8.0174 

34.6858 -8.3832 

51.1108 -7.9366 

69.504 -7.0368 

89.3988 -6.0306 

110.0356 -4.8476 

130.324 -3.6524 

149.3874 -2.5992 

166.3766 -1.7514 

180.5142 -1.1132 

191.1346 -0.6672 

197.7244 -0.401 

By importing the X, Y coordinates of the airfoil section 

obtained from the NACA45 to the modeling software and 

repeating the same for every plane with their respective 

chord length and angle of twist. The twisted and varying 

cord dimensional wind turbine blade is modeled as shown 

in Fig 4. Also the cylindrical section of the blade which is 

modelled with allowable diameter and connected to the 

blade with LOFT option. 

 
Fig. 4. Modeled wind turbine blade 

III.  ANALYSIS 

Two types of analysis are performed as given below  

i. Structural analysis of the modeled horizontal axis 

wind turbine blade. 

ii. Computational flow analysis of the modelled wind 

turbine blade. 

i. Structural Analysis 

The structural analysis of the every mechanical component 

is very important in order to study its loading behavior. 

A static analysis calculates the effect of steady loading 

conditions on a Structure. Static analysis determine the 

displacements, stresses, strains and forces in structures or 

components caused by loads that do not induce significant 

inertia and damping effects. Steady loading and response 

conditions are assumed that the loads and the structures 

response are assumed to vary slowly with respect to time. 

Selection of material for wind turbine blade plays an 

important role in determining the efficiency of the wind 

turbine. There are many materials available in the market, 

but in the observation of different materials carbon epoxy is 

selected for our consideration. 

Modulus of Elasticity: 

Ex   = 140 GPa 

Ey  = 140 GPa 

Ez  = 10 GPa 

Analyzing the imported blade model in ANSYS APDL for 

the carbon epoxy material is done and the results are 

obtained. The maximum stress generated for the given load 

and its self-weight is 1487.9 N/mm2 is shown in Fig. 5 
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Fig 5. Stress plot of carbon-epoxy HAWT blade  

By analyzing in ANSYS APDL for the carbon epoxy 

material is done and the results are obtained. The maximum 

stress generated for the given load and its self -weight is 

1487.9 N/mm2. 

ii.   Computational Flow Analysis 

The blade which was modelled is analyzed for Flow 

Analysis. By making use of the ANSYS FLUENT software 

the aerodynamic characters like lift, drag, pressure 

variations are obtained for the respective wind velocity and 

its incident angle.  

In the first stage the modelled HAWT blade is imported 

and meshed along with flow channel. The boundary 

conditions are applied as input velocity. The iteration 

allowed for the fluent processing given as 30 numbers.  

 

Fig6. Magnitude of lift and drag 

The resistance like drag forces are the hindrance against the 

good aerodynamic characters. Also the lift force for the 

Rotation of the wind blade should be high. The maximum 

lift to drag ratio is 1.632 among the boundary conditions 

considered for study. The coefficient of drag obtained for 

our blade with NACA 4415 is 5.104. The coefficient of lift 

obtained is 8.3308. 

Table 2. Computational flow results in FLUENT 

 

Sl. 

No 

Vel. of 

air (m/s) 

Angle 

of 

Attack 

Coef. of 

Lift 

Coef. of 

Drag 

L/D 

ratio 

1.   

10 

 

0 

 

-0.532 

 

1.58 

 

0.336 

2.   

10 

 

10 

 

-1.300 

 

3.293 

 

-0.39 

3.   

10 

 

15 

 

-3.597 

 

6.239 

 

-0.576 

4.   

15 

 

10 

 

8.3308 

 

5.104 

 

1.632 

        5.                 

15 

 

15 

 

4.437 

 

18.379 

 

0.241 

 

 
Fig 7. L/D ratio Vs AOA 

From the graph shown in Fig 7. The optimal L/D ratio is 

obtained when the velocity is 15 m/s and the blade is 10 

degree inclined to the air incidence. 

IV. CONCLUSION 

From the static structural analysis of HAWT blade made of 

carbon epoxy material has the equivalent stress value of 

1487.9 N/mm2 using ANSYS APDL tool.  

And from the computational fluid flow analysis using the 

tool ANSYS FLUENT was observed as follows; 

Lift and drag coefficient increases with increase in angle of 

attack. 

The optimal lift coefficient and aerodynamic performance 

is compared and concluded as 15 m/s velocity and 10o air 

incident angle. 

For more efficient result, optimization is required with 

more number of wind velocity, air incident angle and 

length of the blade. 
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