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ABSTRACT: 

Steady development of wind power technology and the accumulation of extensive operating experience with large clusters of electric utility connected turbines have resulted in the emergence of wind power as a viable and attractive source of electricity for utilities, particularly in developing nations.  A highly effective modular wind power technology, the Wind Amplified Rotor Platforms (WARPTM) System technology and design utilizes many identical vertically integrated Toroidal Accelerator Rotor Platform (TARPTM) WindframeTM building block modules. The utilization of standard micro-wind turbines forms the basis for mass customization (capacity and configuration) in the WARP design and construction.  WARP wind power brings the fundamentals of mass production as well as economies of scale to power plant design and construction.  It can blend well with progressive engineering & construction (E&C) firm approaches, which are predicated on a family of standardized designs to reduce cost, improve schedule and quality of units deployed.  Since electricity has become the New World commodity with an emphasis on low-cost, high-quality and environmentally responsible energy, WARP™ systems designs have been proposed to meet these objectives through WARP™’s inherent efficiency, mass customization and mass production features.  Not only can WARP be designed for electric utility scale wind farms (both onshore as well as in any water depth offshore), but also be employed in dual-use service as a transmission/power tower in the transmission of electricity, used as an electrical power source on telecom/microwave towers and a power source for high-rise buildings (deployed on their roof tops). WARP system's ability to integrally operate with photovoltaic solar cells, gas turbines or fuel cells, provides the added opportunity to generate base load power in an environmentally responsible manner.

INTRODUCTION

The Worldwatch Institute has issued a fact stating that the wind turbine industry is growing faster (about 39% annually) than the personal computer industry and almost as fast as the cellular phone market. Wind energy has become the most economic and environmentally benign source of energy from the existing renewable energy technologies. It has the ability to be used as an electrical power supplier from the electrical utility scale (wind farms) to a single-use power supplier.

The evolution of wind power as an energy source  (Figure 1) is illustrated by the Old Dutch windmill, the West Texas water well, present day large bladed wind systems (to be referred to as “POP” -- propeller-on-pole) and the 4th generation in wind energy technology -- WARP™ (Wind Amplified Rotor Platform). Present day wind energy technology (POPs) have continued to evolved through the use of ever larger and larger blades and gearboxes or large, complex customized generators. This continuous increase in size has subsequently increased the costs and complexity of manufacturing, transporting, constructing and maintaining these systems. As with any system, the more complex it is, the greater the chance for system failures (e.g. historically blade and gearbox failures).

The general public has recently voiced concerns regarding the use of POPs. In the forefront of their concerns are the large footprints that wind farms employ (i.e. land sprawl of thousands of acres), the low frequency noise pollution, horizon pollution with its disco effect and the “flicker” interference with TV and telecom transmission, as well as the perception that they are prone to be bird killers. These drawbacks are in addition to the fact that they are only capable of capturing the winds near the surface (that is why they have, in part, gone to taller towers and larger  blades -- attempting to reach the greater wind speeds at higher elevations). Finally, the turbine industry has built only about 20,000 turbines, yet no standardization has been achieved. Each larger blade design requires the industry to basically engineer and design it from scratch. Each wind site with its unique characteristics requires another round of re-engineering and design or compromise performance. These changes also required extensive retooling at great cost to the industry. The larger the blades, the larger the gearbox typically required. Each increase in size subsequently increased the risks of blade and gearbox failures – increasing the risk of reliability, durability and subsequently the life of the system.

The WARP™ system is a 4th generation in wind energy technology. The patented design is able to eliminate and/or minimize the many drawbacks to today’s wind energy systems, with a modular, repetitive, mass customization design that allows the economies of mass production to be attained. Estimated cost of energy is US$0.02 to US$0.04 per kilowatt-hour (US$400 to US$600 per Kilowatt capital cost). The WARP™ wind energy technology will therefore allow wind energy to play a more active and significant role in the electrical industry. The flexibility in the WARP™ design allows it not only to be used in electrical generation but also in electrical transmission, telecom/microwave application and many other multitasking applications.  Furthermore, unlike the restrictive technology expertise required to build large bladed wind turbines, WARP™ will allow any competent system engineering firm, such as ECP firms and others, to develop the technology for their own unique product or end-use needs. This results from its ability to use available very small diameter, capacity tailored conventional wind turbines having a 100 years of technology knowledge base. 

THE BASICS OF WARP™

Figure 2 is a three dimensional picture of a WARP™ wind system model. It consists of a stacked array of windframe modules on which four wind turbines (two at each level 180 degrees apart) are mounted on every other module (Figures 3 and 4). Modules with the attached turbines are defined to be the “active yaw modules” while the modules without turbines are defined as “static modules”. These modules can then be alternately stacked to any height (Figure 5). The dimensions of these rotors can be any size. Application requirements and local economics influence these details. To attain the most economic and greatest benefits from the WARP™ concept, the system is designed to be tall and to use small, robust, high reliability/durability turbines that are typically intended to be 2 meter (~6 feet) or 3 meter (~10 feet) in diameter. These small turbines have direct drive capabilities (therefore NO gearbox is required – eliminating a major cost and failure potential of the large bladed wind systems on the market today). Such small propeller size units have a history of hundreds of millions of hours of durability and reliability established from the aircraft/airline industry. The height of a module is typically 1.66 times the rotor diameter (d), and the “waist” diameter (D) to the rotor diameter (d) of the module should have a d/D ratio of about 0.42 (10 ft diameter rotor/~24 ft waist diameter). The maximum or “hip” diameter will be about D + 2d (waist diameter plus 2 rotor diameters) (Figure 6). These modules are then attached (alternating an active module and static module) to a simple lattice tower. Simple off-the-shelf components can comprise the elements of the WARP™ wind power system (Figure 7).

WARP™ CHARACTERISTICS 

Each windframe module provides highly amplified wind flow fields at each rotor level. This basic physical phenomenon is known as the Bernoulli Principal (Figure 8). Wind tunnel and CFD (Computational Fluid Dynamics) analysis have verified a wind amplification factor of 1.7 to up to 1.8 times that of the open free wind speed. The impact of such amplification is dramatic because of the cubic effect of wind speed to a rotor in the general power equation (P ~ D2  * V3)  (Figure 9) where D is the square of the diameter of the blade and V is the cube of the wind velocity.  A slight increase in velocity translates into a significant power increase. The conventional POPs approach is to make the D ever larger (historically from ~50 feet diameter blades to over 300-foot diameter blades) in order to capture more energy. WARP™ concentrates on increasing the velocity (V) because it is a more powerful factor on power. Another critical factor that WARP™ addresses is the ability to capture the high wind speed resource at elevation (Figure 10 and 11). The HDTV/radiobroadcast tower industry has demonstrated that towers as tall as 2000 feet can be built. Clearly the taller one builds a WARP™ system the greater the wind resource it is able to capture and amplify. Unlike POPs that can only capture the near ground (~ 400 feet) wind resource, WARP™ can capture the great wind resource at much greater elevations. 

Another breakthrough of the WARP™ design is that the active module with the four turbines has the ability to freely yaw 360 degrees on a track (Figure 3). This affords a particular advantage with the WARP™ system in that the turbines always seek to be square and stable to the wind direction.  This eliminates the processional forces of a single big rotor windmill, which misalign with the wind or lag the wind due to yaw drive poor responsiveness. When the wind direction changes, the active modules will automatically realign themselves to be perpendicular to the new wind direction (Figure 12). Large bladed POPs need large motorized assistance to constantly chase alignment with the wind (another cost and maintenance problem). The complications associated with wind shear (Figure 13) and direction with height (Eckman Spiral, Figure 14) is also eliminated by the WARP™ design. Since each active module is independent of the next active module, no variation in either the wind direction or wind shear will be expected to cause problems. Large bladed POPs have to constantly fight the differing force and direction of the wind at the top of its revolution with the direction and force of the wind at the bottom of its revolution. In essence, the active WARP™ modules, will always be aligned perpendicular to the wind direction, at any height, and will do this automatically. 

The advantage of having each module independent from another is significant. If a failure of one module does occur, the whole system is not down. All the other turbines on the other active modules will still be generating. Unlike large bladed POPs, a single loose nut and bolt will cause the whole system to be down. If a rotor failure does occur with the WARP™ system, the modules will automatically weathervane the rotors out of the wind direction (due to the creation of a thrust imbalance) and become stationed in a stable and protected position. The damaged rotor will then be in a position to be serviced while all the other turbines on other active modules would still be operating and therefore generating.

WARP™ MAJOR BENEFITS

The fact that WARP™ systems use small diameter rotors, are able to amplify the wind and capable of being built very tall (800+ feet), allows a major problem to be solved. The unsightly view of a large wind farm (Figure 15) is due to the fact that one POP must be spaced 10X (ten times) the diameter of their blades apart (e.g. a 100 ft diameter POP must be 1000 feet away from the next one) to avoid unreasonable performance loss. This spacing is a requirement to help eliminate any aerodynamic eddy effects from one rotor to the next. A comparison of the land requirements for a hypothetical 400-Million kWh/Yr. wind farm is illustrated in Figure 16. In this example, (based on a very conservative early 50% amplification factor) three commercially sized wind systems are compared with 32 WARP™ towers each 780 feet tall with 10 foot diameter turbines. If all wind conditions are equal, it would require 1350 units of a 70 ft diameter blade system to use about 14,000 acres, 324 units of a 128 ft diameter blade system to use about 11,000 acres and 46 units of a 300 ft diameter blade system over 6,000 acres. The WARP™ wind farm would require less than 1000 acres to supply the same electrical power. This significant reduction in acreage will minimize the expense of land costs, allow wind farms to be built closer to populated areas and minimize the unsightly view of large land sprawl.

WARP™ systems also lend themselves to take advantage of mass production economics. The manufacturing industries have long understood the power of mass/volume production.  WARP™ systems are comprised of relatively simple, modular and repetitive components (Figure 17). Cost savings will be gained from manufacturing many identical components and/or through the purchasing power gained from buying large quantities of identical components. This mass production economics is not readily available to the large bladed systems and therefore will always be a problem for them. In addition to the costs savings afforded mass production, WARP™ components tend to be small and modular and therefore much more manageable. This allows for less expensive and complicated transportation, construction (Figure 18) and maintenance (Figure 19).

Avian mortality (bird kill) is a major concern, especially to the Audobon Society which has highlighted this problem in the US as a result of hundreds of birds of prey, including dozens of golden eagles, killed by large bladed windmills in California. This environmental problem is judged to be avoided with the WARP™ system because birds can easily discern building-type structures such as a WARP™ plus evade small high speed rotors.

Large bladed wind farms have also been cited for their annoying low frequency noise pollution. The slow speed of revolution produces a low frequency noise that does not easily attenuate (much like the base of a stereo that goes through the wall while the high frequency treble does not), and becomes annoying to the local population. WARP™ rotors, on the other hand, are high speed with a high frequency noise that is more readily attenuated (Figure 20) and therefore less of a problem.

WARP™ towers are significantly more stable and safe than conventional large bladed wind systems.  A WARP™ system is designed to distribute all the loads over the tower (versus the POP having all the stress concentrated at single apex focal point, i.e. where the tower and blade are joined). WARP™ towers can be further secured through simple guy wiring application to virtually any point. When comparing a simple lattice tower with a WARP™ tower, the WARP™ tower can be shown to have a 50% lower drag coefficient than the lattice tower (Figure 21). This is due to the aerodynamic fairing of the patented module design. The static modules in addition give the tower additional strength through ring stiffening characteristics. 

Yet another advantage that WARP™ has over the conventional large bladed wind systems is the minimization of lightening strikes (Figure 22). The conventional large bladed systems attract electrical strikes due to having a large metallic blade connected to another large metal gearbox (not to mention the associated combustible gearbox fluids). WARP™ towers minimize this risk by being grounded and having their blades and modules constructed from nonmetallic materials.

WARP™ APPLICATIONS

WARP™ wind systems design has the unique capability to be used in a variety of applications and in an economically attractive multi-tasking manner. Clearly, the advantages (as discussed above) that WARP™ systems provide allows them the ability to be employed in electric utility scale wind farms in onshore environments. What separates WARP™ from conventional large bladed systems is their ability to be deployed in the offshore at any water depth. WARP™ design characteristics make it possible to be configured as a floating or tension-legged structures (Figure 23). Conventional large bladed systems today can only be installed in shallow waters (~30 feet), or require an artificial island to be built. The greatest wind resource in the world is in the offshore. However, many parts of the world have coastlines that drop off very quickly (i.e. become very deep close to the shoreline) and are unusable by conventional large bladed systems. WARP™’s ability to float or tension-leg, reestablishes those offshore areas as potential wind energy sites. This ability will have enormous economic benefits to those willing to pursue this application. Additionally, WARP™ can be deployed on decommissioned oil and gas platforms (Figure 24). The expense the oil and gas industry is projected to spend on decommissioning platforms on depleted oil/gas fields is enormous. In the North Sea alone, it is projected that 250 platforms will need to be decommissioned in the next 10 to 20 years. If we assume a conservative decommissioning cost of US$10,000,000/platform, the oil and gas industry will need to spend US$2.5 billion to remove these platforms. The cost savings that can be attained from just deferring those costs are very attractive. The WARP™ systems deployed on such platforms would be able to supply clean energy to any nearby satellite field that is still productive, or if the platform is near shore, it could cable the electricity back onshore and be tied into the established electrical grid. If the oil and gas industry were to employ this application it would have the opportunity to gain significant financial rewards as well as achieve good public relations with governments and citizens alike.

The existing electric utility transmission tower grid in the US and Canada is quite extensive and is projected for considerable addition (Figure 25). The WARP™ system is ideally suited to be employed in this arena. Europeans are attempting to utilize large bladed wind systems (ref. Wind Power Monthly, page 31, Sept. 2000) to not only generate electricity but also be used in conjunction with transmission of electrical energy.  As may be noted, a WARP™ design (Figure 26) is considerably better suited for this application.  For example, the tower will be more stable and have a lower visual horizon-pollution effect). The electrical transmission industry estimates that about 10% of the electricity is lost when transmitted long distances. WARP™ modules could be designed to be retrofitted on existing transmission towers (so as to replenish the lost electricity). Or new transmission towers that have the WARP™ system designed as part of the transmission tower will create a new concept that combines electrical generation with transmission. The cost of building the towers is an expense already incurred by the industry. The additional cost of incorporating the WARP™ modules on those towers can provide an attractive return on investment. 

As demand for electricity continues to escalate worldwide, the distributed generation concept is beginning to emerge – local, self-generating power systems. Much like the computer industry, the initial idea was to have everyone tied to a large mainframe computer. Over time a fantastic new market developed, one that the established companies did not see developing or wanted to believe existed. That market was for each individual to have his own, personal computer. Similar dynamics are beginning to happen in the electrical energy business. As more and more demand for electricity is growing, more brown outs and unreliable supply become the norm.  Due to its inherent nature to operate integrally with other power systems like diesels, micro-turbines, fuel cells, etc., WARP™ has the ability to satisfy future energy needs with on-demand power delivery while greatly reducing pollution and the need for fuel.  

WARP™ also can be easily installed on high rise rooftops and begin to supply electrical energy for individual buildings. We are all aware that the higher one goes the greater the wind speed (Figure 27). Most high rise buildings have a flagpole to show how windy it is. The resource is there and the WARP™ technology is suited to take advantage of that resource. Again, conventional large bladed systems are not suited for such an application.

As noted earlier, the simple lattice tower used in the telecom/microwave tower industry may also employ the WARP™ design. Besides giving the tower all the structural benefits (described earlier), the WARP™ system would also supply the needed power to the electronic equipment (Figure 28). In addition the static modules would be used to house the electrical equipment from the elements, allowing for safer and longer equipment life. To date, one of the requirements of building a telecom/microwave tower is to build them close to the power grid or require that an independent fossil fuel generator be built next to the tower. The generator system must be constantly fueled and maintained (a considerable expense). The power supplied by the WARP™ system will now allow these towers to be built in remote areas, far away from any power grid or access roads. Ideal locations like hill tops and mountainous areas can now be used for their network of tower links. This ability to build in remote areas will find a great appeal from emerging and third world nations.

The recent devastation caused by wildfires in the United States has highlighted the need for an early warning system that can detect the early stages of wildfires. Unmanned WARP™ towers could be used as self powered remote infrared sensing towers that would be able to detect fires before they are out of control (Figure 29). The cost savings that such an early warning system would provide from avoiding loss of property and life would easily justify the price of installing this type of system throughout the nation’s forest preserves.

The recent increase in oil and gas prices again will be putting great pressures on the shipping industry. WARP™ could be used to generate the power for electrical engines for large cargo ships. The cost of fuel is significant, but the weight of that fuel is also a very important factor. The last time oil prices reached these levels (greater than $30/barrel) the Japanese designed cargo ships with metal airfoil “sails” to reduce the expense of the diesel fuel. The only problem was that, like any sailboat, it had to tack back and forth to reach its destination. Not being able to sail in a straight line increased the time needed to make the journey and that ultimately increased the expense again. Since WARP™ can operate independent of wind direction, the ship may be able to sail in a relatively straight line again. As long as the wind is blowing, the WARP™ turbines will generate electricity to provide power to the electric engines onboard (Figure 30).

Clearly, imagination is the only limit in how WARP™ systems could be employed.

A final thought about wind and the WARP™ technology. Let it be said that the physics of the WARP™ amplification and design are firmly established and will work with any fluid, whether it is air or water.   With that premise, WARP™ could be employed in river currents, tidal currents or in ocean currents. WARP™ designs for such applications are clearly also viable and give access to yet other renewable resources with phenomenal clean energy resource potential.

The development of the WARP™ system was never intended to be an “either or” technology. WARP™ was designed to work in conjunction with other forms of energy. It is quite possible to install photovoltaic solar cells on the static modules (Figure 31), allowing for both solar and wind to be used together.  Another application that seems to have enormous potential is combining the WARP™ technology with hydrogen fuel cells or hydrogen gas turbines (Figure 32). This hybrid system application is intended for use in offshore WARP™ systems. WARP™ may supply the electricity for the electrolysis of hydrogen from the seawater during ample wind conditions.  During no wind conditions (~ 5% of the time in the offshore) a level of base load of electricity can be guaranteed from the hydrogen fuel cells and/or gas turbines. This unlimited hydrogen supply (seawater) can be generated by the WARP™ or supplied from the WARP™ hydrogen/floatation storage tanks. The electrical power generated from this combination of wind energy and hydrogen fuel cells/gas turbines will be cabled back to shore and tied into the onshore electrical grid. This would allow the establishment of a hydrogen economy by wire without having to create a new infrastructure. By being situated in the offshore, large power plants could be safely situated from public view and proximity. The only by-product from generating electricity from the wind-generated hydrogen through fuel cells is fresh water – another resource that this planet is in growing need of.

CONCLUSION

WARP™’s patented wind energy design offers the electrical energy industry a unique and cost effective method of generating clean, renewable electrical energy. The following attributes make WARP™ a significant advancement to the conventional large bladed wind systems on the market today:

· Amplifies the wind speed up to a factor of 1.8

· Can capture the high wind speeds at elevation

· Always perfectly aligned perpendicular to the wind

· Uses high reliability/durability rotors

· No gearbox

· Comprised of simple off-the-shelf-components

· Able to use mass production economics

· Ease of transportation, construction and maintenance

· Structurally very stable (grooms wind and guy-wire use)

· Eliminates the problem of sprawl (i.e. less land required)

· Reduces far field noise, disco effect and flicker interference

· Protects against lightning strikes

While supplying the mentioned benefits, the WARP™ technology is also capable of  (but not limited to) being employed as an energy source in the following applications:

· Onshore utility scale wind farms

· Offshore utility scale wind farms (in any water depth)

· Use of decommissioned oil and gas platforms

· High rise rooftops

· Telecom/microwave towers

· Electrical utility transmission towers

· Cargo tanker power supply

· Remote fire monitors in forested areas

· Dual use with photovoltaic solar cells 

· Used in conjunction with hydrogen gas turbines and/or hydrogen fuel cells

The synergistic impact of these WARP™ systems benefits and applications bring attractive low cost of energy and/or savings for excellent return on investment for the generation of clean, renewable electrical energy.
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