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Abstract

The present work has been carried out to study the effect of
low wind situation on 1.5 MW horizontal axes in terms of
torque calculation. For this analysis fluid structure
interaction analysis method has been applied in ANSYS
15.0. The module used is FLUENT in which effect of the
wind in terms of load is calculated throughout the blade.
The rest of the wind turbine specifications are taken from a
standard GE 1.5 XLE wind turbine as it is standard wind
turbine which can run in low wind speed regime.
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1. Introduction

Wind is the valuable source of energy for power
generation. In current scenario world wide
deployment of wind turbine has feasibly came in to
existence. India is also a leading name in wind
energy as we are rank 5th in world for wind energy
generation. We are generating total capacity of
21,141.36 MW (as on March 31, 2014) All though
can generate more power by this means. The main
draw back in wind energy scenario India is facing is
low wind speed. Need of clean energy leads us to
explore options in renewable energy sources as wind
energy is one of them. India is using much of it but
still there is no wind mill installed at our locality.
Before installation of a wind turbine we need to know
about performance of any wind turbine for local wind
regime which in our case is low speed wind. Fluid
structure interaction analysis provides the desire
results for a wind turbine blade related to any specific
wind condition.

2. Selection of suitable aerofoil

NERL series aero foils are widely used aero foils for
modern horizontal axis wind turbines and also 3
blade configuration is most popular and efficient. The
aerofoil selection is done on the basis of optimum lift

to drag ratio for specific wind speed regime. Also we
need to determine an optimum angle of attack for the
theses aero foils which are on placing together in
specific place and specific angle are going to form
the full blade geometry. Selection of optimum
aerofoil is done on the basis of following plot for low
wind speed.
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Fig. 1 angles of attack V/s lift to drag ratio plot.

From above plot it is clear that the aero foils S825
and S826 shows the maximum value of lift to drag
which can be selected for the full blade geometry. As
specified from the NERL S825 is mid span aerofail
and S826 is the tip span aerofoil for completing the
geometry of our blade | am taking S818 aerofoil
which is suitable for the root region.

For our further analysis we need to take a value of
Angle of attack (AOA). The optimum angle of attack
is determined from the following chart.
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Fig. 2 plot between AOA V/s lift to drag ratio.

From above plot it is clear that 0° AOA is the
optimum for our selected aerofoil as it shows
maximum value of lift to drag ratio.

3. Generation of the full blade geometry
For generation of full blade geometry we are taking
the composite configuration which takes different
aerofoil at different segment of the blade span. From
our selected aerofoil S818 aerofoil will be at root
regime, S825 will be at middle and S826 will be at
tip of the full blade geometry.

For the optimum blade configuration there would be
two parameters, cord length (c) of each aerofoil and a
local twist angle () of each aerofoil; which will be
varied to obtain the optimum blade span for our low
wind speed condition. These parameters are
calculated on the basis of following known
parameters

Rotor radius = R

No. of blade =N

Lift coefficient = C,

Angle of attack = a
Designed tip speed ratio = Aq
With following formulas

= e (1= cos ) @)
B= ¢, — « )
br = Stan"! @®)
7\,[' = }"d % (4)
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Thus after various iterations following parameters are
finalized for generation of the full blade geometry.
Full blade length is divided in to 20 elements.

Table no. 2 Final Blade design

Element | Realm | Span (m) | Twist | C/R Airfoil
(% °
span)
1 0.075 | 3.09375 | 42 0.0614 | S818
2 0.125 | 5.15625 | 32 0.06826
3 0.175 | 7.21875 | 23 0.07452
4 0.225 | 9.28125 | 15 0.07782
5 0.275 | 11.34375 | 11.5 | 0.07543
6 0.325 | 13.40625 | 8.2 0.07188
7 0.375 | 15.46875 | 7 0.06832
8 0.425 | 1753125 | 6 0.06479
9 0.475 | 19.59375 | 5 0.06126 | S825
10 0.525 | 21.65625 | 4 0.05771
11 0.575 | 23.71875 | 4.15 | 0.05415
12 0.625 | 27.84375 | 3.85 | 0.05062
13 0.675 | 29.90625 | 3.25 | 0.04707
14 0.725 | 31.96875 | 2.75 | 0.0436
15 0.775 | 34.03125 | 1.25 | 0.04024
16 0.825 | 36.09375 | 0.75 | 0.03385
17 0.875 | 38.15625 | 0.55 | 0.03385 | S826
18 0.925 | 40.21875 | 0.85 | 0.03066
19 0.975 | 41.25 0.05 | 0.02747

Fig. 3 Generation of blade profile in Design modeler
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Fig. 4 fully generated blade

The blade is designed for following blade
specification of the GE 1.5 Xle wind turbine.

Table no. 2 turbine specification

Operating data Values
Cut- in wind speed 3.5m/s
Cut- out speed 20 m/s
Rated wind speed 12 m/s
Wind class — IEC b
Wind class - DIBT WZ I
Rotor
No. of blade 3
Rotor diameter 82.5m
Swept area 5346 m*
Rotor speed variable 10.1-18.7 rpm
Tower
Hub height- IEC 100 m
Hub Height - DIBT 100 m

4. Input parameters

For our analysis purpose various input parameters are
required which consist various assumptions which
are as follows:-

Table no. 3 input parameters
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Fig. 5. Mesh generation around 2D aerofoil

Table no. 4
Solver type Density based
Solver velocity Absolute
formulation
Viscous Invicid
Material Air
Density 1.225 kg/m®
Viscosity 1.7894e-5
Outlet Pressure outlet
Solution Method Simple

Parameter Value

Average wind speed | 3.9 m/s (local wind condition

taken [Durg Chhattisgarh India])

Angular speed 2.22 rad/s (assumed)

Length of blade 41.3m+ 1 m (root to hub
distance)

Blade No slip

Side Boundaries Periodic

Outlet Pressure of 1 atm

Density 1.225 kg/m®

Viscosity 1.7894e-05 kg/m*s

AOA 0°

5. Validation of AOA from fluent

In fluent for 2-D aerofoil we generated a work
envelop so as to get the optimum value of AOA by
comparing results of lift to drag ration from various
AOA from -6° to 6°. As shown in figure 2. AOA is
already predicted as 0° although the result needs a
validation thus again we have generated a mesh and
plotted values of lift to drag ration for various AOA.
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Fig.6 C,/Cd V/s AOA

6. FSI Analysis

6.1generation of work envelop and mesh

For this a far field region is selected as 90 meter in
front of turbine blade plane and 120 meter after
turbine blade plane. The region is created for a single
blade.
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Fig. 9 pressure contours

Fig. 7 Creation of work envelop

Fig. 10 velocity in stationery frame
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Fig. 8 generation of mesh

Table no. 5 Mesh specification

Number of nodes 71718
No. of elements 357952
Orthogonal quality 0.85 (average)
Bounding Box length X 240 m

Y 415.69 m

Z 270 m
Total volume 95E+6m°

Fig. 11 Blade velocity
7. Results
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Fig. 12 torque calculation

Table no. 6 results

Maximum static pressure on | 1.372 E +3
turbine blades

Velocity of wind in | Less than 3 m/s to more
stationery frame than 5m/s approx

Velocity of blade 2.3109.8 m/s

Torgue generated 283865 Nm

8. Validation
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Fig. 13 validation by mass conservation
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Fig. 14 Validation by convergence of solution.

9. Conclusion

In this analysis we have taken a low wind speed
condition for a wind turbine blade which is generated
by varying the calculated parameters i.e cord length
and local twist angle. The other required
specifications are taken from the standard reference
of GE 1.5 xle wind turbine. The analysis shows that
the turbine we are using will produce sufficient
torque of 283865 Nm in low wind speed regime i.e
3.9 m/s. The wind condition is considered to be
analogous of the local wind condition of Durg
Chhattisgarh India. Thus additionally we can
conclude that the specified wind turbine can operate
in local wind condition and will produce sufficient
torque.

References

[1] J. Jeong, K. Park, S. Jun, K. Song, and D. H. Lee,
“Design optimization of a wind turbine blade to reduce
the fluctuating unsteady aerodynamic load in turbulent
wind,” J. Mech. Sci. Technol., vol. 26, no. 3, pp. 827-
838, 2012.

[2] Chena, Kun-Nan, Wei-Hsin Gaub, and Pin-Yung
Chena. "Optimal Aerodynamic Design and Material
Layout of Composite Wind Turbine Blades."

[3] N. Prasad, “DESIGN AND DEVELOPMENT OF
HORIZONTAL SMALL WIND TURBINE BLADE
FOR LOW WIND SPEEDS,” no. 1, pp. 75-84, 2014.

[4] A. Sedaghat, M. El Haj, and M. Gaith, “Aerodynamics
performance of continuously variable speed horizontal
axis wind turbine with optimal blades,” Energy, vol.
77, pp. 752-759, 2014.

[5]1 P. J. S. and R. J. Crossley, “Wind Turbine Blade
Design,” Energies, 2012.

[6] geosci.uchicago.edu/~moyer/.../.GEA14954C15-MW-
Broch.pdf

1073


http://www.ijiset.com/

