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Executive Summary: 

Wind is as low energy density resource.  A typical 225 KW wind turbine, with  a blade swept 

diameter of about 81 feet, should operate for about 15 minutes under a sustain wind speed of 

about 17 mil/hr to produce the same amount of energy contained in one gallon of gasoline.  

Considering the concrete foundation, mast, blade components, gearbox, and the electric 

generator of this wind turbine and comparing these massive elements with a plastic container 

that stores one gallon of gasoline reveals the fact that wind is a low energy density resource.   

 

 The wind power captured by a turbine is proportional to the 2
nd

 exponent of its blade 

radius; at the same time, it is proportional to the 3
rd

 exponent of the wind speed.  The primary 

goal of this project has been to design and develop an innovative wind tower system that 

capitalizes on the dependency of the captured wind power to the cubic exponent of the wind 

velocity for a selected wind turbine.  The stage-gate process used in this project includes the 

following steps: 

 Proposed an innovative wind tower system with an axisymmetric wind deflecting 

structure.  Symmetrically mount plurality of rooftop size wind turbines near the 

axisymmetric structure.  The purpose of the wind deflecting structure is to increase 

the ambient wind speed that in turn results in an overall increase in the power 

capacity of the wind turbines.  The wind turbines are arranged along two symmetric 

columns, mounted diametrically opposite of each other, around and near the exterior 

surface of the axisymmetric structure.  

 A conceptual model was considered, with four turbines, two on each side of the 

cylinder.  Each turbine diameter was set to be about 7 feet. The cylindrical wind 

deflecting structure was designed to be 24 feet.  

 Computation Fluid Dynamic Analysis was used to simulate the wind flow near and 

around the wind deflecting structure.  The results of CFD validated the original 

hypothesis about wind speed amplification near the exterior surface of the wind 

deflecting structure.  An overall average wind-speed-amplification-factor of 1.6 was 

predicted by the CFD analysis across the swept area of the wind turbine. 
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Executive Summary (Continue) 

 The next step was to build and test a scaled-down table-top model of the system to 

experimentally validate the results predicted by CDF analysis.  The test results of this 

step validated the results of the CFD analysis.  

 The next step was to fabricate, install, and test a full scale wind tower system having 

a cylindrical wind deflecting structure.  The system was fabricated with 4 turbines, 

each at 1.65 KW name-plate-rating. The system has actively controlled yaw 

mechanism. The full scale wind tower was installed on the rooftop of a five story high 

building on Cleveland State University Campus.  A fifth turbine, similar to the four 

turbines installed on the fabricated tower, was installed on the same rooftop.  The 

purpose of this fifth turbine was to be a reference turbine for power comparison. The 

test results from this phase of the project further validated the results obtained 

computationally. The experimental results showed a power increase factor ranging 

from 2 to 4 times with respect to the fifth reference turbine, depending on the wind 

conditions and directions. 

 The next step was to fabricate, install, and test a full scale wind tower system having 

a spiral wind deflecting structure.  This system was also fabricated with 4 turbines, 

again each at 1.65 KW name-plate-rating. The system has actively controlled yaw 

mechanism. This second prototype was installed on the canopy of the Ballpark of 

Cleveland Indians Baseball team in Downtown Cleveland.  The preliminary 

experimental data obtained from the second full scale prototype further validated the 

CFD results.  This second prototype showed that each individual wind turbine reaches 

its maximum power production capacity at a wind speed of about 18 mil/hr, while the 

same turbine, installed in a stand-alone configuration,   requires about 30 mil/hr in 

order to produce its peak power capacity. 

This work has resulted in Four US patents, 2 technical publications, one presented and the 

second one to be presented, at ASME conferences.  The work has also been featured at local, 

national, and international media and publications. 

Cleveland State University has licensed the technology to a newly developed company to 

commercialize wind towers fabricated according to the design presented in this work, for 

Telecom Tower applications.   



 9 

Background:   

Majid Rashidi, Ph.D., P.E.  of Cleveland State University (CSU) has designed an innovative 

wind tower system that is aligned with the small distributed wind energy systems initiative of 

Energy Efficiency and Renewable Energy of the U.S. Department of Energy.    

  

The first prototype of a wind tower was designed, fabricated and installed in May 2009 on 

the Plant Service Building located on the campus of the Cleveland State University.  Figure 1 

shows a picture of the system after its installation.   During the first quarter of 2012 the 

fabrication and installation of the second CSU experimental wind tower were accomplished.  

The new system was installed at the Progressive Ballpark of the Cleveland Indians Baseball 

team.  Figure 2 shows a picture of the second prototype. 

 

 

Figure 1 – First Wind Tower Prototype Installed in 2009 

 

 

Figure 2 – Second wind tower prototype installed in 2012 
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Project Objective - The system presented in this work is intended for conversion of wind 

energy into useable electricity at geographic sites where the wind speed is relatively low, and 

where conventional wind turbines do not yield usable electric power.  As the result of the 

unique modular attributes of this design, the system can be scaled up along its vertical axis, 

while keeping its footprint, as well as the size of its individual turbines, unchanged for 

different targeted power ratings.  

  

Approach: Wind is as low energy density resource.  In order to better understand the energy 

density of wind, it is helpful to compare the energy content of one gallon of gasoline to the 

energy delivered by a typical 225 KW wind turbine having a blade swept diameter of about 

81 feet.  The total energy contained in one gallon of gasoline is about 130 MJ.  Joule is a 

relatively small unit of energy.  If someone raises a cup of coffee from his/her waist line to 

his/her mouth, about one Joule of energy is required.  This means that with the energy stored 

in one gallon of gasoline the action of raising a cup of coffee can be repeated for 130 million 

times.   A typical 225 KW wind turbine needs to operate for about 15 minutes, under a 

sustained wind speed of about 17 mil/hr to produce the same amount of energy as that of one 

gallon of gasoline.  Considering the concrete foundation, the mast, blade components, 

gearbox, and the electric generator of this wind turbine, and comparing these massive 

elements with a plastic container that could store one gallon of gasoline, one can realize the 

fact that wind is a low energy density resource.   

 

 Wind power produced by a typical wind turbine is proportional to the 2
nd

 exponent of its 

blade radius, at the same time it is proportional to the 3
rd

 exponent of the wind speed.  In this 

project the main goal has been to develop a wind tower system that capitalizes on the 

dependency of the wind power to the cubic exponent of the wind velocity.  The technology 

focuses on the use of round structures to increase the wind speed as the stream of the wind 

passes the structure and approaches the turbines.   
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Approach (continue) 

The stage-gate process used in this project included the following steps: 

 

 A series of computational effort have been undertaken to examine the influence of 

using a wind deflecting structure for increasing the ambient wind speed. The 

structures were taken to be a cylinder, and subsequently a spiral shape configuration.   

 

 Design, fabricate, and test two scaled-down models to validate the results predicted 

by the computational model.  Although these validations were qualitative in nature, 

nevertheless they created confidence in fabricating two full-scale prototypes. 

 

 Design, fabricate, install, and test a full-scale wind tower with a cylindrical wind 

deflecting structure.  The results from this first prototype confirmed those predicted 

by the mathematical modeling of the system via CFD analysis.  The results obtained 

from this phase paved the way for design and fabrication of a full-scale wind tower 

having a spiral wind deflecting structure.  

 

 The preliminary results obtained from the second prototype further validated the 

initial hypothesis of using wind deflecting structure in increase the power capacity of 

the typical roof-top wind turbines.   

 

 

 

Relevant qualifications of the team members: The team that was assembled to accomplish 

the goals and objective of this project comprised of a group of professional individuals and 

organizations that have demonstrated track records in their areas of expertise.  The links to 

access the websites of the team members are provide herein. Additional information on the 

relevant qualifications of the team members may be obtained by using the following links: 

 
Cleveland State University (Engineering) http://www.csuohio.edu/engineering/care/home.html 

C. T. Taylor Company, Inc.   http://www.cttaylor.com 

Lake Erie Electrical     http://www.lakeerieelectric.com 

URS     http://www.urscorp.com 

Stevens Engineers & Constructors  http://www.stevensec.com 

Astro Manufacturing   http://www.astromfg.com 

I.A. Lewin Structural Engineering  http://www.lewinandassociates.com 

MAGNET     http://www.manufacturingsuccess.org 

Ohio State University   ameri.1@osu.edu 

Cleveland State University (Business College): 

 http://facultyprofile.csuohio.edu/csufacultyprofile/detail.cfm?FacultyID=O_ICMELI 

 

 

 

mailto:ameri.1@osu.edu
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Critical Review of the literature - Wind is a low energy density resource; therefore, 

researchers and designers have been trying to develop wind energy harnessing systems that 

deliver reasonable and useful amount of electrical energy.  Generally there are two schools of 

thoughts when it comes to the design and development of wind towers, namely a single large 

scale wind turbines versus many of the small scale wind harnessing machines.  In one 

approach, the system is designed with a relatively large size structure, with turbine blades 

ranging from 150 to 200 feet in length.  These systems are capable of producing electricity at 

a single site in the range of 2 to 5 MW.  The large structural components of these systems 

pose design and fabrication challenges, as well as reliability issues related to the mechanical 

failures.  Among other structural issues of large scale wind turbines, the gear boxes of these 

systems still require R&D work for improved performance and reliability.  In a second 

approach, wind energy is converted to electrical energy via many small scale wind turbines, 

typically in KW scales.  Such system do not have the structural issues and challenges of the 

large turbines, however, the number of small turbines required to generate useful amount of 

electrical energy is high.   

 

The project pursued and reported in this final report falls in the category of small-scale wind 

tower system, producing electrical power at KW level, more specifically at a name-plate-

rating of 6.5 KW.      
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Results and Discussion 

Research and Development - Previously submitted quarterly reports of this project 

discloses the first series of the results generated by numerical simulations of the system’s 

performance.  These results are summarized in an ASME Publication
1
.    

 

Construction and installation of the first prototype - Before allocating the grant funds 

provided by the DOE for this project, it was decided to examine feasibility of the proposed 

concept at a small scale.  Figure 3 is a photograph of a scaled-down model of the system.  

Here the diameter of the wind deflecting structure is about 20”, with the turbine bald 

diameter of about 4”.  A floor-fan was used to simulate wind flow. The test results from this 

test rig paved the way to fabricate a full scale model.   

 

  

Figure 3 – A scaled down model of the design concept 

 

The experimental results obtained from the full scale model, installed on the rooftop of the 

Plant Service Building on Cleveland State University Campus, confirmed the results of CFD 

analysis.  Details of the fabrication, installation, and the experimental results of this phase 

were included in several of the Quarterly Reports submitted for this project.  Figure 4 is a 

typical experimental result that shows the performances of four typical rooftop wind turbines, 

as they are installed next to the cylindrical wind deflecting structure, and compared them to a 

similar 5
th

 turbine, not affected by the wind-deflecting structure.   In Figure 4, P1 P2, P3, and 

                                                           
1
 Ameri, Ali, Rashidi, Majid,  “Analysis of a Concept for a Low Wind Speed Tolerant Axial Wind Turbine”, 

ASME TURBO EXPO 2011, June 14-18, Vancouver, Canada, GT2011-46102. 
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P4 are the average powers of the four turbines installed around the cylinder; P5 is the average 

power generated by a stand-alone reference turbine on the same rooftop. 

Energy Output June-August 2009

Bar on far 

right is 

control 

turbine (P5).

 

Figure 4 – Experimental results from full-scale system shown in Figure 1 

Figure 5 show three photos of the construction and installation process of the first Wind 

Tower prototype installed at Cleveland State University campus.   

Construction and Installation, Spring 2009

 

Figure 5 - Construction and installation of the first CSU wind tower prototype.  
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Previously submitted Quarterly Report for this project discloses the result of a CFD 

numerical simulation of the system’s performance.   

 

Construction and installation of the second prototype - Similar to the procedure of 

building  the first prototype, and before allocating the grant funds provided by the DOE for 

this project, it was decided to first examine  the feasibility of the proposed second generation 

concept (Spiral wind deflecting structure) at a small scale.  Figure 6 is a photograph of a 

scaled-down model of the system.  Here the diameter of the wind deflecting structure is about 

12”, with the turbine bald diameter of about 2.5”.  A floor-fan was used to simulate wind 

flow. 

 

 

Figure 6 – A photograph of a scaled down model for a second generation prototype 

 

The scaled down model verified the theoretical results predicted by the Computational Fluid 

Dynamic analysis in terms of wind speed amplification factor.   This step helped to establish 

confidence in pursuing the fabrication of a full-scale model.  The details of fabrication and 

installation of the second spiral prototype has been reported in the 13
th

, 14, 15, and 16
th

 

Quarterly Reports for this project.  

 

 The experimental results obtained from the full-scale model that was installed on the 

canopy of the Ballpark in Downtown Cleveland confirmed the results predicted by the CFD 
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analysis.  A summary of the experimental results obtained in this phase of the project were 

included in the 16
th

 Quarterly Report submitted for this project.  A summary of the 

experimental results, describing the performance of both prototypes, are shown in Table 1 

and Table 2, and are presented in the next section of this report.   

 

The instantaneous yaw positions of the wind turbines in both models (cylindrical and spiral) 

are determined (measured) by potentiometers.  In case of the second prototype, an improper 

wiring caused several months of delay in yaw-control of the system.  Unshielded control 

wires were strap-tied to the turbine out power cables carrying relatively high electric power. 

This resulted in a malfunction of the yaw-control computer hardware.  Details of the 

improper wiring were included in the 16
th

 Quarterly Progress Report. 

 

Experimental methodology – For the first prototype system, installed in Spring 2009, the 

power output of the four turbines were instantaneously compared to the power of a stand 

alone reference turbine that was installed on the same rooftop, but not affected by the 

cylindrical wind deflecting structure.  The four turbines, installed on/around the cylinder 

were actively controlled for their yaw, while the yaw angle (orientation) of the stand alone 

reference turbine was passively controlled by its own two symmetrical weathervanes.   The 

algorithm for actively controlling the yaw of the four turbines has been included in one of the 

Quarterly Reports of the project and is available under project award number:  DE-FG36-

08GO88016.   The sampling time for recording the wind speed/direction data, and the power 

generated by each individual turbine were set to be 10 seconds.  In other words, every 10 

seconds the performance data of 5 turbines, plus the wind speed information were recorded 

in a Database file.   As mentioned earlier, the details of the experimental methodology, and 

the results obtained, are reflected in a series of Quarterly Report under the award number 

mentioned above.  

 

Both prototype systems, installed at Cleveland State University and at the Ballpark, were 

equipped with Swift Rooftop wind turbines shown in Figure 7.   The power curve, published 

by Swift for a typical Swift wind turbine is shown in Figure 8.      
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Figure 7 – Photo of a  Swift
TM 

Rooftop Wind Turbine, 82 inches in diamter,  

1.65 KW Name-Plate-Rating  

 

 

 

 

Figure 8 – Power Curve of a typical the Swift wind turbine, Swift
TM
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The Technical Specification of a typical Swift Wind Turbine is shown below
2
:  

 Type Upwind, horizontal axis, rooftop-mountable wind turbine  

 Power Output Over 1.5 kW @ peak production 

 kW @ 11 m/s (24.6 mph)  

 Annual Energy Production  Approximately - 1,200 kWh @ 5 m/s (11.2 mph annual 

wind average) 

 1,900 kWh @ 6 m/s (13.4 mph annual wind average)   

 Electric Power  240VAC, 60Hz output voltage   

 Grid Connection  G83 certified, grid-tied system   

 Inverter  7 amp AC, custom designed brushless PMG   

 Rotor (Blade/Ring) Diameter  7 ft (82.5”)   

 Braking System  Dynamic & mechanical over-speed protection   

 Unit Weight  Approximately 250 lbs   

 Cut-In Speed  3.58 m/s (8 mph)   

 Maximum Designed Wind Speed  64.8 m/s (145 mph)   

 Lateral Loading  600 lbs @ 40.2 m/s (90 mph) 

 400 RPM maximum in a 20.1 m/s (45 mph) wind   

 Product Design Life  20 yrs*   

 Noise/Acoustic Emissions  Less than 35 dB (A) for all wind speeds @ hub   

 EMI (Electromagnetic Emissions)  CE certified, BS EN 6100   

 Safety, Electrical & Reliability Standards  Certified to - UL 1741 

    

 Based on the above performance specifications of a typical swift wind turbine, installed 

as a stand alone turbine, the experimental data obtained from the wind tower system installed 

at the Ballpark is summarized in Table 1. 

TABLE 1 

Performance Comparison - 4 Turbines at the Ballpark and 4 turbines installed stand alone  

 

Wind Speed 

mil/hr 

Power Generated , Watt 

Ballpark Prototype 

(4 turbines) 

Power Generated , Watt 

Conventional Installation 

(4 turbines) 

11 1,288 800 

15 2,644 800 

18 6,143 1,412 

 

                                                           
2
 Data taken from: http://swiftwindturbine.com/specifications.php 
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The middle column of Table 1 shows the total electrical power produced and measured by 

four turbines at the Progressive Ballpark.   The far right column in this table is the summation 

of the powers of four Swift turbines according to the power curve published by Swift
TM 

Turbine manufacturer.  As shown in Figure  8, the power generated by each of the Swift 

wind turbines at three wind speeds of 11 mil/hr (4.9 m/s), 15 mil/hr (6.7 m/s), and 18 mil/hr 

(m8 m/s) are 45 Watt, 200 Watt, and 353 Watt respectively.  Therefore, four stand alone 

Swift wind turbines, without the spiral wind deflecting structure are expected to produce 

180Watt, 800 Watt, and 1,412 Watt of electricity at the wind speeds of 11, 15, and 18 mil/hr.   

 

 The results presented in Table 1 indicates that compared to the conventional turbine 

installations,  an average value of 4.69 in increased electrical power is obtained from the 

Swift wind turbines as the results of the spiral wind deflecting structure that was proposed, 

fabricated, and studied in this research work. 

 

 Further, the power productions of both prototypes
3
, obtained experimentally, were 

compared and the results are shown in Table 2.    

 

TBALE 2  

Performance Comparison - 4 Turbines at the Ballpark and 4 Turbines installed at CSU  

 

Wind Speed 

mil/hr 

Power Generated , Watt 

Ballpark Prototype (Spiral) 

(4 turbines) 

Power Generated , Watt 

CSU Prototype (Cylinder) 

4 turbines) 

11 1,288 1300 

15 2,644 2,600 

18 6,143 4,000 

 

The performance data shown in Table 2 indicates that at lower wind speeds, about 11 mil/hr, 

the two systems (spiral versus cylinder) provide almost the same level of powers, at in both 

cases the power is increased when compared with that of produced by the stand-alone 

                                                           
3
 Prototypes installed at Cleveland State University and at the Ballpark (cylindrical and spiral wind deflecting 

structures)  
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conventional installation.  However, as the wind speed increase to 18 mils/hr, the spiral wind 

deflecting structure outperforms the cylindrical one by a factor of about %53.  

 

  

Accomplishments 

 Product development – During the course of this project two products were developed.  

First, a wind tower was developed with the goal of increasing the wind speed and directing 

the wind flew toward a plurality of  small-scale wind turbines, each at a name plate rating of 

1.6 KW.  The system was first analyzed using Computational Fluid Dynamic software.  

Figure 1 on page 9 is an actual photo of the system that was installed at the rooftop of Plant 

Service Building on the campus of Cleveland State University. Figure 9 is another photo of 

the system with additional information depicting the major features of the system.   

Cross-Arm rotates  

about the Z-axis to 

orient the turbines 

toward the prevailing 

wind direction.

Vertically modular, 

allowing for more 

turbines.

Can be retrofitted to 

existing structures like 

water towers and farm 

silos.

Z

 

Figure 9 – Major Features of the first prototype, installed in May 2009  

 

The turbines of the system shown in Figure 9 are 82.5” in diameter and are installed around a 

cylindrical shape wind deflecting structure that is about 25 feet in diameter.  
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Publication in Scientific/trade journals – Two scientific publications have appeared in 

ASME Conferences proceedings [
4
] [

5
].  Additionally, the first wind tower prototype 

developed as the result of this work appeared on the front cover of June 2012 Issue of the 

WindTech International.  A related article starts on Page 7 of this magazine.  The web 

address to access this article is: www.windtech-international.com/2012/june-2012.   Figure 

10 shows the cover of June 2012 Issue of the WindTech International.  Appendix A contains 

the article written by Dr. Rashidi and printed in this magazine.  Yet additionally, an article 

appeared in the August 2012 Issue of the Popular Mechanics Magazine, featuring the 

second prototype installed at the Ballpark of Cleveland Indians Baseball Team.  

 

 

Figure 10 – Front Cover of WindTech International June 2012 Issue 

                                                           
4
 Ameri, Ali, Rashidi, Majid,  “Analysis of a Concept for a Low Wind Speed Tolerant Axial Wind Turbine”, 

ASME TURBO EXPO 2011, June 14-18, Vancouver, Canada, GT2011-46102. 

5
 Rashidi, Majid, Jaikrishnan R. Kadambi, David Kerze, “Wind Flow Regime Around a 3 Dimensional Helical 

Structure”, ASME International Congress, November 9-15 2012, Houston, Texas. 

 

http://www.windtech-international.com/2012/june-2012
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Publication in Scientific/trade journals – The results of this project were reflected in 

numerous websites.  A selected list of these web sites is shown below.  A general Google 

search will produce more results. 

 http://green.blogs.nytimes.com/2008/11/21/giving-turbines-a-boost-with-curves/ 

 http://www.usatodayeducate.com/staging/index.php/blog/professors-innovative-idea-may-

put-wind-back-in-clevelands-sails 

 http://www.businessweek.com/ap/2012-03/D9TPN7L80.htm 

 http://www.businessweek.com/stories/2009-06-24/green-business 

 http://cleantechnica.com/2012/04/13/cleveland-indians-wind-turbine-corkscrew/ 

 http://news.cnet.com/8301-11386_3-57412287-76/corkscrew-wind-turbine-brings-juice-to-

indians-stadium/ 

 http://blog.cleantechies.com/2012/03/30/winds-of-innovation-at-mlb-stadium/ 

 

Patents – A total of four US patents resulted from this work are listed below: 

 

 US 7,540,706, “Wind Harnessing System”, Inventor Majid Rashidi 

 US 7,679,209, “Wind Powered Electricity Generating System”, Inventor Majid Rashidi 

 US 7,845.904, “Wind Harnessing System”, Inventor Majid Rashidi 

 US 8,002,516, “Wind Harnessing System”, Inventor Majid Rashidi 

 

Appendices B, C, D, and E present copies of the first pages of the above patents.  All four 

patents have been assigned to Cleveland State University.   

  

Licensing Agreement – Technology transfer & Commercialization activities: 

A newly established company in Ohio, Amplified Wind Solution, obtained exclusive 

licensing to develop and market wind tower system that are targeted for installation on top of 

the Telecom Towers.  Appendix F presents a signed copy of the Licensing Agreement 

between Cleveland State University and the Amplified Wind Solution LLC.   Based on the 

licensing agreement, the technology developed as the result of this work is intended for 

creating renewable energy source for Telecom towers.  Details of the licensing Agreement 

are presented in Appendix F.   

 

http://green.blogs.nytimes.com/2008/11/21/giving-turbines-a-boost-with-curves/
http://www.usatodayeducate.com/staging/index.php/blog/professors-innovative-idea-may-put-wind-back-in-clevelands-sails
http://www.usatodayeducate.com/staging/index.php/blog/professors-innovative-idea-may-put-wind-back-in-clevelands-sails
http://www.businessweek.com/ap/2012-03/D9TPN7L80.htm
http://www.businessweek.com/stories/2009-06-24/green-business
http://cleantechnica.com/2012/04/13/cleveland-indians-wind-turbine-corkscrew/
http://news.cnet.com/8301-11386_3-57412287-76/corkscrew-wind-turbine-brings-juice-to-indians-stadium/
http://news.cnet.com/8301-11386_3-57412287-76/corkscrew-wind-turbine-brings-juice-to-indians-stadium/
http://blog.cleantechies.com/2012/03/30/winds-of-innovation-at-mlb-stadium/
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Conclusion      

 The up to date experimental and computational results of this research at CSU have 

shown when a turbine is installed next to a round structure, cylindrical or spiral, the turbine’s 

energy output is increased by a factor ranging from 3 to 4 times. This can be views as 

increasing the power capacity of a typical rooftop wind turbine.  This arrangement also 

results in lowering of the cut-in wind speed for the turbine.  The wind tower designed at CSU 

may be retrofitted to existing cylindrical structures such as a silo and/or a water tower.  

Figure 11 shows a series of typical water towers that could be suitable potential sites for 

installation of small wind turbines.  

 

Figure 11 – Round structures that could be potential sites for installation of small wind turbines 

 

The primary conclusion of this project is the ability to increase the power capacity factor, C, 

of a typical rooftop wind turbine from roughly C = 0.15 to about C = 0.45 to 0.50 for a low 

wind speed region such as Cleveland, Ohio.  In one embodiment of the proposed system, the 

wind deflecting structure, either cylindrical or spiral, could be a light-weight inflatable 

structure that is secured to a tower by tension members.  In this case, the yaw control 
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mechanism could be a passive, weathervane type.   The inflatable structure may have an air-

pump to keep the inflation at a desired level in case of small air-leakage.   As presented in the 

next section, Commercialization Aspects and Path, the system could also be complete wind 

tower system uniquely designed to produce electricity for Telecom towers.     

 

Commercialization Aspect and Path – The first phase of commercialization effort to 

reduce the results of this research work into a commercial product is to redesign the system at 

a smaller scale, about 7 feet diameter spiral structure, to produce electric power for typical 

Telecom towers.  The Amplified Wind Solution (AWS), a newly established company, is in 

the process of raising funds to build the first prototype for this purpose.  The company is 

participating in the 2013 Energy Challenge to be considered for funding opportunities.  At 

the same time AWS is seeking funds from private and other source to produce the first 

commercially viable system for Telecom application. Design For Manufacturing (DFM) is 

the main goal of AWS.  As the first step in coast reduction, the active yaw-control of the 

system will be replaced with a passive weathervane type alternative.  This is achievable 

because the overall system is about 3 to 4 times smaller than the two prototypes developed 

under this project.  Another facet of AWS effort is to hire business development consultant to 

determine its customer in the chain of Telecom towers vendors, producers, and installers. 

AWS has estimated that an initial capital of $120,000 is needed to design and develop a 

commercially viable wind tower system for Telecom application under the licensing 

agreement obtained from Cleveland State University for the technology developed n this 

work.    

 

Lessons learned – The most relevant lesson learned from this work was the importance of 

structural design and fabrication aspects of a typical wind tower.  The structural aspects of 

large scale wind tower system at MW power level are orders of magnitude more challenging 

than those of wind tower at KW rating scale.  These structural aspects include the concrete 

foundation, structure of the mast, blade size, and gearbox structural reliability.  But work on 

this project, which was focused on smaller wind turbine system, revealed that it is indeed the 

structural aspects of a wind tower system that provides the final challenge in design and 

fabrication.   
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Appendix B 

 

PATENT # 1 

 

US 7,540,706, “Wind Harnessing System”, Inventor Majid Rashidi 
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Appendix C 

 

PATENT # 2 

 

US 7,679,209, “Wind Powered Electricity Generating System”, Inventor Majid Rashidi 
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Appendix D 

PATENT # 3 

 

US 7,845.904, “Wind Harnessing System”, Inventor Majid Rashidi 



 35 

 



 36 

Appendix E 

 

PATENT # 4 

 

US 8,002,516, “Wind Harnessing System”, Inventor Majid Rashidi 
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 Appendix F:  

 

 

Copy of the Licensing Agreement for the technology developed in this project  
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