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Abstract

Many different methods of alternative energy are being evaluated in order to address the current crisis arising from the depletion of non-renewable resources.  Wind energy represents a viable alternative, as it is a virtually endless resource.  One of the more promising concepts in the wind energy field is the development of the Diffuser Augmented Wind Turbine (DAWT). These configurations use an additional diffuser to improve performance.  The DAWT geometry concept has been analyzed using Clarkson’s mRotor code with a focus on the Wind Tamer DAWT of Future Energy Solutions Inc of Livonia, NY.  Preliminary calculations based on optimizing the original Wind Tamer geometries, indicate power coefficients peaking at Cp = 0.39, using commercial sizing.  An optimization analysis in mRotor has indicated that power coefficients of nearly Cp = 0.5 for lower wind speeds, and even higher at faster wind speeds, can be achieved with minor design modifications.  Full scale testing of this concept is underway at the Clarkson Wind Turbine Test site and will continue for several months.

I. Introduction/ Background Information

It is becoming necessary to fully understand how to improve wind turbine efficiency, as energy consumption and cost reaches record-breaking levels.  The cost of oil and non-renewable resources is skyrocketing, and the depletion of these resources will require a sustainable and environmentally friendly energy source.  An improvement to wind turbine efficiency will allow the limits of today to be surpassed, and someday be able to extract all of the energy from the wind with only a few improvements in technology.  A greater number of these high-efficiency turbines would lower the cost of energy, powering the world for less.

One such method of improving turbine efficiency is a Diffuser augmented wind turbine (DAWT) as an improvement to the conventional horizontal axis wind turbine (HAWT).  DAWTs are simply a HAWT with a trumpet-bell-shaped diffuser surrounding the rotor blades and extending aft.  A DAWT is claimed to have a greater efficiency than conventional HAWTs, even possibly higher than the Betz limit, because the diffuser allows for a greater pressure drop across the rotor blade.  Only one DAWT has been commercially produced, the Vortec 7 as seen in Figure 1.  DAWTs offer additional advantages in addition to increased augmentation, including minimal tip speed losses; a small rotor diameter that increases RPM, and being less yaw sensitive than HAWTs.  However, there are many issues with DAWTs that need to be addressed to fully understand them before their greatest power output can be achieved.  One of the most current DAWTs it the Wind Tamer DAWT created by Jerry Brock of Future Energy Solutions Inc. of Lavonia, NY.  This DAWT incorporates data from past researchers, and also includes a newly innovative bypass region.
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Figure 1: The Vortec 7 Diffuser Augmented Wind Turbine.3
II. Methodology

When designing a turbine for any given location, several parameters need to be determined for optimal or near optimal performance.  mRotor is a Matlab code developed at Clarkson University K. Visser, M. Brown, and M. Duquette, which uses Blade Element Method (BEM) to calculate some of these parameters to analyze wind turbines.  

Based on earlier preliminary tests performed by engineers from Rochester, NY, it was apparent that the Wind Tamer was not optimized to run at low wind speeds.  Since the average wind speed in Potsdam, NY is around 4 m/s (a lower wind speed), the Wind Tamer performance may not be optimally efficient.  Using the current geometry and running several tests in mRotor, this was confirmed to be the case; so several optimization tests were run to suggest design modifications to maximize efficiency.  These tests were categorized by performance augmentation, though the associated cost with these designs could potentially harm the cost to power to cost ratio of the Wind Tamer.  Full scale testing of the Wind Tamer concept is in progress at the Clarkson Wind Turbine Test site and will continue for several months.  Data from testing will be compared to the theoretical calculations.
III. Results and Discussion

From the BEM data, it appears that 12 blades on the Wind Tamer would prove to be more beneficial.  It is also apparent that if the pitch and twist distribution were to be varied from the original design, augmentation would increase further.  Another issue addressed in the tables was changing of the Blade profile to be an airfoil rather than flat plates.  Flat plates will reduce the efficiency of the Wind Tamer in field-testing; due to the increased drag flat plates have over airfoils.  If a cambered airfoil or a symmetric airfoil were used, the aerodynamic efficiency could benefit greatly.  Since BEM seems to underestimate actual performance, it is recommended that the design modifications occur that do not attach much additional cost to the Wind Tamer.
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Figure 2:  Power outputs vs. blade number for various blade design modifications to the Wind Tamer DAWT.

Figure 2 illustrates a few changes to the design that will increase the output power at a higher wind speed, nearly doubling the original power output.  Also, since the BEM calculation is limited to a free stream rotor, it is expected that the power augmentation would increase even further, by a factor of approximately 1.28 based on averages taken from comparisons with preliminary data.  If all of the changes are made as suggested, it can be expected that the power output can increase from 150 Watts to 286.98 Watts, an augmentation of 1.921 for the 18 m/s wind regime.  Using mRotor, the Cp values expected would be around 0.36 for the various optimized airfoils at 13.4 m/s.  However, this value is associated with the BEM calculation, and not the expected power output.  Therefore, it is expected that the power coefficient of the Wind Tamer DAWT at 13.4 m/s will be 0.46.  In addition, power coefficients appear to be increasing as rotor diameter increases, which may augment the power output ever further.

Based on past research by Grumman Aerospace and many others, the optimal exit area ratio for a diffuser augmented wind turbine is stated to be 2.78 to 1 for economic reasons.  Also a length to diameter ratio has been economically optimized to be 0.715 to 1 for a DAWT, and a diffuser angle of 30 degrees.  These design changes could positively affect the performance of the Wind Tamer DAWT to be close to, or beat the Betz limit, by a significant margin.1,6  
IV. Concluding Remarks

From the mRotor analysis, it is suggested that the Wind Tamer DAWT be adjusted slightly, though theoretical calculations do not always reflect real-world tests.  With these minor changes, performance could be potentially increased to near or greater than 2 times current power output.  It was determined that further power augmentation was possible, but no calculations have provided that the DAWT will provide power coefficients higher than the Betz limit.  These lower power coefficients are also expected according to the BEM calculations because DAWT’s do not run optimally at the same conditions as bare-wind turbines.  Further theoretical research is planned at Clarkson University to correct the BEM calculations to match the output.  Experimental research is planned at the Clarkson University Wind Turbine test site on the Wind Tamer DAWT to compare theoretical results against the working prototype.  Further theoretical research is planned at Clarkson University to correct the BEM calculations in order to match the output from the experimental research.    Also, further theoretical research is planned at Clarkson University to analyze the flow field around a 2D and 3D geometry of the Wind Tamer DAWT using CFD calculations.
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