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ABSTRACT

axis wind turbine rotor blade with and without
due to their limitations in self starting, low wi

s added with small HAWT is to reduced the self starting

e efficiency and reduced the noise produced from the blades

#sting models of adding winglets at tip of the blade and modified

blades for decrease otal drag force, decrease the generation of pressure and decrease the

vortex created at th€ tip of the blade. The winglets were optimized to minimize the induced

drag from the blade by changing the downwash distribution. The idea is to add a winglet

which is able to carry aerodynamic loads so that the vortex caused by the winglet spreads out

the effect of the tip vortex which results in decreasing the downwash and reducing the
induced drag.
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CALCULATION OF BLADE DESIGN

The blade was designed by following tabulation. It was calculated from the blade design
formulas. First wind turbine power formula is used to find the radius of the small wind turbine
blade. Blade was divided into various section of element. After using the formula to calculate
the chord, angle of rotation and relative flow angle .These values are useful to design a small
wind turbine blade.

MATHEMATICAL MODELING

BLADE DESIGN
Velocity =7 m/s Power = 6 kW
Power of wind turbine:
Pw = Cp*1/2* p*A*V~3 ;6000 =0.593*
R=391m

Pitch angle:

tan @ =2R/3r R sin ®/3 AB
Where,

A =Tipspeed ratio; B = Number of bl

Table 1: Parameters of sca i0 blade design
Elements | Sectiona Relative
radius flow
r(m) angle
p
54.03
34.80
24.05
17.61
13.43
10.52
8.39
6.76
5.49
4.46
3.61
2.90
2.30
1.78
1.34
0.94
0.59
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PROPOSED INITIAL DESIGN

CREO parameric2, have been used to design blades. The objective functions of this
project are to maximize the power output while minimizing the blade volume and structural
stress. The chosen blade radius is 3.91 m, and in the airfoil R

gn, the following
Al airfoils used in

NACA airfoil family was used for the blade geo
aeronautics, these airfoils have been specially desi

Table 2 Airfoil for blade design

Blade Generator | Thickn
length (kW)
(m)

3.91

DESIGNI OF WIND DE WITH AND WITHOUT
WINGL

P 4

Fig 3.Blade Design Without Winglet
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Fig 4. Blade design with 90 degree wng:

lade with 45 Degree Winglet  Fig 6.

~”

Fig 7. Isometri‘BladMO Degree Winglet Fig 8. Isometric view of 60 Degree Winglet

Y

Fig 9. Isometric view of Blade with 80 Degree Winglet Fig 10. Isometric view of 80 Degree Winglet

Isometric view of 45 f)egree Wingle\
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Fig 11.Isometric view of Blade with 90 Degree Winglet Figl2. lIsometric view of 90 Degree Winglet

ANALYSIS OF WIND TURBINE BLADE

Ansys fluent 15.0 software have been used to a ind turbine blades.

fixed walls around the rotors.

MESHING

of pressure and velocity contours are primary indicators of
omparison was made between the different types of blades

The figures shows the pressure contour plots around the aerofoil for 7m/s of inlet
air velocity. It can be observed the low pressure on the leading edge of the aerofoil and high
pressure on the trailing edge of the aerofoil where most of the lift is produced. The maximum
pressure for various winglets (45,60,80,90) is (21.967, 22.582, 21.479, 22.135) pa
respectively.
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Fig 15.Pressuggfontour (winglet@gdeg) 4

1
16
1

Contours of Static Pressure (pascal)

{
Za” X

May 04, 2016 ‘
ANSYS Fluent 15.0 (3, pbns, S-A) |

'Fig 17.Pressure contol(winglet 80deg)

Contours of Static Pressure (pascal)

VELOCITY CONTOUR

May 04, 2016
ANSYS Fluent 15.0 (3d, pbns, S-A)

Contours of Static Pressure (pascal)

Ig 16.pressure contour (winglet 60deg)

Fig 18.Pressure contour (winglet 90deg)

The figure shows the velocity contour on rotor for 7m/s of inlet air velocity where the
velocity on the blades is increasing from root to tip of the blade because of many reasons like
reducing of chord length and difference of the radius radius from the root to tip. The
maximum velocity for various winglet (45,60,80,90) is (10.258,10.249,10.409,9.869) m/s

respectively.
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Fig 19.Velocity contour (winglet 45deg) Big 20.Velo to&
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FORCESON TH ADES AND THRUST ON TURBINE
Torgue becomes

T=

T =13.498 N-m (winglet 45deg)

T =13.475 N-m (winglet 60deg)

T =13.899 N-m (winglet 80deg)

T =12.494 N-m (winglet 90deg)
Axial force becomes
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7.199 N
7.186 N
7412 N
6.663 N

CONCLUSION

Small horizontal axis wind turbine blade designed wit pgle of winglets by

The calculation shows when using blades
observed that, the maximum pressure

m the analysis program,
the best winglet angle is 8 is winglet is less whereas
velocity is high.
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