A Flag Diffuser for Small Wind Turbines

Planning a Wind Farm in Oaxaca-Mexico
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INTRODUCTION
Small Wind Turbines are very popular for eco-communities and isolate villages. Particularly,
one of these models uses a diffuser to improve the power generation and the cut-in wind
speed, reaching until three times the rated power of the same wind turbine without it.
Currently, many small wind turbines still remain with the traditional concept design for many
reasons; however, for most of them the diffuser concept could be installed like an additional
accessory improving their original performance. The main idea in this project is to design a
very light (self-inflatable) fabric diffuser that could be installed in some conventional small
wind turbines. By using fabric as primarily material, the weight and aerodynamic loads over
the existing wind turbine will be minimized while increasing its energy output.
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LOADS CALCULATION OVER THE FLAG DIFFUSER
The main difficulty to apply a static analysis to the mechanical model is its flexible
characteristic, because the angle of attack for each section of the diffuser is not constant
anymore. For that reason, a Matlab code was implemented in order to obtain the correct
diffuser deformation until the static loads over the diffuser reach the equilibrium. This
process consists in a constant iteration of small changes for the design angle of attack and
the geometry through over the 360 degrees. Then, the new lift and drag loads are calculated
and compared with the reactions and weight loads, estimating the next changes for the
angle of attack until the equilibrium state converges. Finally, knowing the behavior of the
diffuser’s shape, it was possible to determine the best airfoil section and design angle of
attack as function of the wind speed. The NACA 633-618 (Figure 2) was one of the most
suitable for this project due its characteristics that can produce lift even for negative angles
of attack. Therefore, eight degrees for the designed angle of attack resulted as the best
parameter for a high diffuser performance with an average wind speed of 7 m/s, that is a
common operational wind speed rate for small wind turbines.
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INTRODUCTION
The Oaxaca region, located in the south-east of Mexico between the Mexican Gulf and
Pacific Ocean, is well known due to its incredible strong winds, able to overturn more than
30 trucks every year. The idea to take advantage of this energy source is analyzed by
designing a 200 MW onshore wind farm in this area.

WIND RESOURCE ANALYSIS
The main reason of this windy resource is the presence of a mesoscale phenomenon that is
related with the natural corridor "Civela Pass" through the mountains in “Sierra Nevada” in
the middle of the Atlantic and Pacific oceans, this especial geography leads the behavior of
the "Trade winds" that come from the Atlantic to the Pacific, where they are constrained and
speeded up, occasioning a quasi-unidirectional (70% of times came from the North/NorthWest) and bimodal Weibull distribution of the wind stream (mean wind speed of 11m/s).

Wind speed distribution

Wind direction distribution

Figure 1. Wind resource data

WIND FARM PLANNING METHODOLOGY

2

The Flag diffuser prototype is built of Nylon fabric with a weight density of 48 gr/m and
supported by steel structure as seen in Figure 1. It will be tested in a 80x80 cm "open wind
tunnel" at a maximum wind speed of 7 m/s to analyze the behavior of the self inflatable
diffuser shape and to measure the wind speed profile inside of it and its drag force. These
measurements will be compared with the Matlab numerical code.
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3

1

DTU Wind Energy, Technical University of Denmark
DTU Wind Energy, Technical University of Denmark

PROTOTYPE DESIGN AND CONSTRUCTION
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Referring to the existing wind resource data including: topographic, orographic and climate
analysis information, all the inputs files for WAsP software were given in order to estimate
the Annual Energy Production (AEP) and Sensitivity to some parameters like roughness and
air density in two different wind farm layouts; however, besides the technical aspect, the
local conditions such as: environmental impact, grid access, visual impact and noise
production were considered.

RESULTS AND CONCLUSION

Figure1. Flag diffuser prototype
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Figure 2. NACA 633-618 Wing Section

Finally, after analyzing the wind resource data and accomplishing all the technical and
environmental restrictions for the best layout alternative, it was obtained a net AEP of
1193.8 GWh and a Net Present Value (NPV) of 92,639,550 EUR for a 20 years life time
project. Additionally the payback period is only 9.33 years. In conclusion, the Oaxaca Wind
Farm becomes very profitable due to its excellent wind resource; furthermore, by
implementing this project 8,300,000 tons of CO2 will not be emitted to the atmosphere,
reducing global warming effect.
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