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Abstract :  The wind turbine was proposed to be designed and constructed with an estimated power output of 65w at maximum 

speed and 30w at minimum speed from a generator with currents of 5.4amps to 10.8amps under the gear ratio of 1:4 However, 

after the work was done, the maximum power output was found to be 40w and the current of 6.7amp which is within the range. 

The blade is constructed from a laminated wood material with relevant diameter of 80 inches with three blades. The work was 

tested and mounted on the top of the building to reach the required heights of 10m. Based on the test, the efficiency of the wind 

turbine was found to be 56%.  

IndexTerms - Wind turbine, power output, laminated wood, design, generator. 

I. INTRODUCTION 

Wind is simply air in motion. Winds are created by the sun's uneven heating of the atmosphere in combination with the 

irregular surface of the earth and the earth's rotation. These winds can be "harvested" using wind turbines and used to make 

electricity. The force of the wind makes the wind turbine blades spin, and the energy of this motion is converted into electricity 

by a generator. Wind energy is a free, renewable resource. A wind turbine is a device that converts the wind's kinetic energy 

into electrical energy. Wind turbines are manufactured in a wide range of vertical and horizontal axis types. The smallest 

turbines are used for applications such as battery charging for auxiliary power for boats or caravans or to power traffic warning 

signs. Slightly larger turbines can be used for making contributions to a domestic power supply while selling unused power 

back to the utility supplier via the electrical grid. Arrays of large turbines, known as wind farms, are becoming an increasingly 

important source of renewable energy and are used by many countries as part of a strategy to reduce their reliance on fossil 

fuels. Wind was shown to have the "lowest relative greenhouse gas emissions, the least water consumption demands and... the 

most favourable social impacts" compared to photovoltaic, hydro, geothermal, coal and gas. Wind power was probably used in 

Persia (present-day Iran) about 500–900 AD. The wind wheel of Hero of Alexandria marks one of the first recorded instances 

of wind powering a machine in history. However, the first known practical wind power plants were built in Sistan, an Eastern 

province of Iran, from the 7th century. These "Panemone" were vertical axle windmills, which had long vertical drive shafts 

with rectangular blades. Made of six to twelve sails covered in reed matting or cloth material, these windmills were used to 

grind grain or draw up water, and were used in the grist milling and sugarcane industries.  

The first electricity-generating wind turbine was a battery charging machine installed in July 1887 by Scottish academic James 

Blyth to light his holiday home in Marykirk, Scotland. Some months later American inventor Charles F. Brush was able to 

build the first automatically operated wind turbine after consulting local University professors and colleagues Jacob S. Gibbs 

and Brinsley Coleberd and successfully getting the blueprints peer-reviewed for electricity production in Cleveland, Ohio.  1.1                                       

1.2  TYPES OF WIND TURBINE 

There are two main types of wind turbines: 

1.2.2  Horizontal axis wind turbines (HAWT) 

This is a propeller type rotor mounted on the horizontal axis. As mentioned previously, the blades need to be aligned with 

the wind and this is done by either a simple tail, or an active yaw. These are more efficient at producing electricity than VAWTs 

however they are impacted more by changes in wind direction. Horizontal axis wind turbines (HAWTs), constitute the most 

common type of wind turbine in use today. In fact all grids connected commercial wind turbines are today designed with 

propeller-type rotors mounted on a horizontal axis on top of a vertical tower. In contrast to the mode of operation of the vertical 

axis turbines, the horizontal axis turbines need to be aligned with the direction of the wind, thereby allowing the wind to flow 

parallel to the axis of rotation. Insofar as concerns horizontal axis wind turbines, a distinction is made between upwind and 

downwind rotors. Upwind rotors face the wind in front of the vertical tower and have the advantage of somewhat avoiding the 

wind shade effect from the presence of the tower. Upwind rotors need a yaw mechanism to keep the rotor axis aligned with the 

direction of the wind. Downwind rotors are placed on the lee side of the tower. A great disadvantage in this design is the 

fluctuations in the wind power due to the rotor passing through the wind shade of the tower which gives rise to more fatigue 

loads. Theoretically, downwind rotors can be built without a yaw mechanism, provided that the rotor and nacelle can be 

designed in such a way that the nacelle will follow the wind passively. This may, however, induce gyroscopic loads and hamper 

the possibility of unwinding the cables when the rotor has been yawing passively in the same direction for a long time, thereby 

causing the power cables to twist. As regards large wind turbines, it is rather difficult to use slip rings or mechanical collectors 

to circumvent this problem. Whereas, upwind rotors need to be rather inflexible to keep the rotor blades clear of the tower, 

downwind rotors can be made more flexible. The latter implies possible savings with respect to weight and may contribute to 

reducing the loads on the tower. The vast majority of wind turbines in operation today have upwind rotors. 

1.2.2  Vertical axis wind turbines (VAWT) 

Vertical axis wind turbines (VAWTs), such as the one with C shaped blades, are among the types of turbine that have seen the 

light of day in the past century. The machine, which is the world's largest wind turbine, is no longer operational. Classical water 
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wheels allow the water to arrive tangentially to the water wheel at a right angle to the rotational axis of the wheel. Vertical axis 

wind turbines are designed to act correspondingly towards air. Though, such a design would, in principle, work with a 

horizontal axis as well, it would require a more complex design, which would hardly be able to beat the efficiency of a 

propeller-type turbine. The major advantages of a vertical axis wind turbine, that the generator and gearbox are placed on the 

ground and are thus easily accessible, and that no yaw mechanism is needed. Among the disadvantages are an overall much 

lower level of efficiency, the fact that the turbine needs total dismantling just to replace the main bearing, and that the rotor is 

placed relatively close to the ground where there is not much wind. 

These are aligned in the vertical axis (like the rotor blades on a helicopter). These are only really deployed within urban 
areas, where the flow of air is more uneven. Due to their alignment, wind direction. 

  1.3  USES OF WIND TURBINE 

1. Wind energy facilities convert energy from the motion of wind into electricity that is sent to energy consumers via electric 

transmission systems. 

2. Wind turbines can convert the energy in the wind into mechanical power that can be used for a variety of activities like 
pumping water. 

Advantages and of Wind-Generated Electricity 

1.3.1.1 A Renewable Non-Polluting Resource 

Wind energy is a free, renewable resource, so no matter how much is used today, there will still be the same supply in the 

future. Wind energy is also a source of clean, non-polluting, electricity. Unlike conventional power plants, wind plants emit no 

air pollutants or greenhouse gases. According to the U.S. Department of Energy, in 1990, California's wind power plants offset 

the emission of more than 2.5 billion pounds of carbon dioxide, and 15 million pounds of other pollutants that would have 
otherwise been produced. It would take a forest of 90 million to 175 million trees to provide the same air quality. 

1.3.2 Disadvantages  

1.3.2.1 Cost Issues 

Even though the cost of wind power has decreased dramatically in the past 10 years, the technology requires a higher initial 

investment than fossil-fueled generators. Roughly 80% of the cost is the machinery, with the balance being site preparation and 

installation. If wind generating systems are compared with fossil-fueled systems on a "life-cycle" cost basis (counting fuel and 

operating expenses for the life of the generator), however, wind costs are much more competitive with other generating 
technologies because there is no fuel to purchase and minimal operating expenses. 

 1.3.2.2 Environmental Concerns 

Although wind power plants have relatively little impact on the environment compared to fossil fuel power plants, there is 

some concern over the noise produced by the rotor blades, aesthetic (visual) impacts, and birds and bats having been killed ( 

avian/bat mortality ) by flying into the rotors. Most of these problems have been resolved or greatly reduced through 

technological development or by properly siting wind plants. 

1.3.2.3 Supply and Transport Issues 

The major challenge to using wind as a source of power is that it is intermittent and does not always blow when electricity is 

needed. Wind cannot be stored (although wind-generated electricity can be stored, if batteries are used), and not all winds can 

be harnessed to meet the timing of electricity demands. Further, good wind sites are often located in remote locations far from 

areas of electric power demand (such as cities). Finally, wind resource development may compete with other uses for the land, 

and those alternative uses may be more highly valued than electricity generation. However, wind turbines can be located on 
land that is also used for grazing or even farming. 

II. RESEARCH METHODOLOGIES 

Materials and methods  

Materials and methods in every design of any component  be it mechanical or any other types of the parts, choice of the 

material is necessary for design to conform and served for the purpose it designed to be. Choice of the suitable materials can be 

considered as a basic step to design a product that can perform the function as it required. Below are the types of materials and 

reasons of selecting the materials that is required in this wind turbine project.  

1. Mild steel 

2. Wood  

3. Electrical copper wire (cables) 

1.4.1.1 MILD STEEL 

Mild steel is a type of carbon steel with a low amount of carbon – it is actually also known as “low carbon steel.” Although 

ranges vary depending on the source, the amount of carbon typically found in mild steel is 0.05% to 0.25% by weight, whereas 

higher carbon steels are typically described as having a carbon contents from 0.30% to 2.0%. If any more carbon than that is 

added, the steel would be classified as cast iron. Mild steel is not an alloy steel and therefore does not contain large amounts of 

other elements besides iron; you will not find vast amounts of chromium, molybdenum, or other alloying elements in mild steel. 

Since its carbon and alloying element content are relatively low, there are several properties it has that differentiate it from 

higher carbon and alloy steels. 

Less carbon means that mild steel is typically more ductile, machinable, and weldable than high carbon and other steels; 

however, it also means it is nearly impossible to harden and strengthen through heating and quenching. The low carbon content 

also means it has very little carbon and other alloying elements to block dislocations in its crystal structure, generally resulting 

in less tensile strength than high carbon and alloy steels. Mild steel also has a high amount iron and ferrite, making it magnetic. 

The lack of alloying elements such as those found in stainless steels means that the iron in mild steel is subject to oxidation 

(rust) if not properly coated. But the negligible amount of alloying elements also helps mild steel to be relatively affordable 

when compared with other steels. It is the affordability, weldability, and machinability that makes it such a popular choice of 
steel for consumers. The reason for selecting mild stell are: 

1. Weldability 

2. Machinability 

3. Cheaper 
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4. Easy to manipulate because of its low carbon contents 

5. Flexibility 

6. Availability 

1.4.1.2   WOOD 

Several species of wood can be used for wind turbine blades. Wood is applied as plywood or in lamellas to minimize the 

impact of imperfections like knots on the strength. It is important for the resistance of the wood that the water content is low. 

High water content will result in low mechanical values, rot and fungus. The humidity shall be controlled during storage and 

manufacturing. Coating and sealing shall be qualified as part of design to govern the long-term water content in the wood. 

Choosing Wood for Wind Turbine Blades Red Cedar is an excellent wood for wind turbine blades. It is easy to carve, has few 

knots and a nice grain, it is relatively inexpensive, and it is very strong and durable. Therefore it is much easier and cheaper to 

purchase standard lengths of 2×4 cedar and glue (laminate) them together. Standard woodworker’s polyurethane glue and a load 
of clamps is all you need for this job. The reasons for selecting wood are: 

1. Flexibility 

2. Availability 

3. Lighter 

4. Cheaper 

5. Suitability 

1.4.1.3  CABLE WIRE (COPPER WIRE) 

Copper is a vital metal in making wind power possible. The outdoor environment places great demand on cables, connectors, 

and generator windings used for wind power installations, especially for those situated offshore. 

Copper is used in: 

1. generator windings 

2. power cables 

3. Earthing and lightning protection 

4. transformers 

5. control systems 

1.5  Generator / Alternator 

An alternator is an electrical generator that converts mechanical energy to electrical energy in the form of alternating current.[ 

For reasons of cost and simplicity, most alternators use a rotating magnetic field with a stationary armature.Occasionally, a linear 

alternator or a rotating armature with a stationary magnetic field is used. In principle, any AC electrical generator can be called 
an alternator, but usually the term refers to small rotating machines driven by automotive and other internal combustion engines. 

III. BASIC EQUATIONS OF WIND TURBINE  

Power = = ½ ρ ×V 3×A×CP, where  

ρ =density of air 

A= Swept area = 𝐴 = 𝜋𝑟2(m2) 

V= wind speed (m/s) 

Cp= power coefficient =PT/PW  

P= power 

W= work done= force x distance 

PT= work done/time 

1V. Wind Energy Assessment of Kazaure Town in Jigawa State and analysis. 

The wind assessment of Kazaure was measured and data was collected in the years between January 2017 to December 2019 at 

mean wind speed data measured at 10m height was collected and extrapolated to 50m height level for statistical analysis, the 

minimum Weibull average wind speed was found to be 8.60m/s and the maximum average wind speed was 11.24m/s while the 

maximum power density was 440.03w/m 2 and the highest was 947.26w/m 2 at the 10m height level. 

2.0   Energy Audit of the Class 
    The energy audit of the electrical class at department of electrical engineering Hussaini Adamu Federal Polytechnic Kazaure, 

was calculated below based on the load that the wind turbine can afford for the requirement of the power needed. 

Number of bulbs 8 

Number of watts for each bulb 5w 

Number of class is one 

Overall power used for the class 

Energy consumed = number of bulbs x number of watts  

                              = 8 x 5   

                              = 40Watts 

2.1  CURRENT USED  

    Using the formular 

  P = V2/R 

Where   

V = 12V 

R =? 

P = 40W  

R = V/P = 122/40 

   = 144/40 
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   = 3.6         

 Total resistance is R= 3.6 

Therefore to find the current  

I = V/R = 12/3.6 

I = 3.3A  

2.2  Power coefficient of the turbine  

Power = = ½ ρ ×V 3×A×CP 

Cp= power coefficient =PT/PW  

Where  

PW = work done/time  

Work done = force x distance 

F =mass x acceleration  

Acceleration = velocity/time  

                      = 8.6/60 

                      = 0.143m/s2  

F =mass x acceleration     where 4kg is the mass of the blade 

  = 4kg x 0.143m/s2 

  = 0.572N 

Work done = force x distance 

                   = 0.572 x 2.032 

                   = 1.162Nm 

PW = work done/time = 1.162/60 = 0.0193w 

Power extracted by the turbine PT= work done / time 

F =mass x acceleration 

   = 0.3 x 0.572N  

   = 0.1716Nm   

Work done = force x distance 

                   = 0.1716n x 2.032 

                   = 0.3486Nm  

  PT = work done/time 

       = 0.3486/60 

       = 0.0058Nm/s 

CP = PT/PW = 0.0058/0.0193 

        = 0.3011 

2.3  IDEAL POWER 

Ideal power =½ ρ ×V 3×A  

Where = 𝐴 = 𝜋𝑟2 

           = 3.142 x 1.0162 

           = 3.142 x 1.0322 

           = 3.2433m2  

Ideal power =½ ρ ×V 3×A  

                  = ½ x 1.22 x 8.63 x 3.2433m2  

                 = ½ x 1.22 x 636.056 x 3.2433 

                 = 2516.7629 watts 

2.4  ACTUAL POWER     

Actual power  

 P= ½ ρ ×V 3×A×CP 

    = ½ x 1.22 x 8.63 x 3.2433m2 x 0.3011 

    = ½ x 1.22 x 636.056 x 3.2433 x 0.3011 

    = 757.797/2  

     =378.8986W 

     = 0.3788KW 

Efficiency of a turbine is Overall efficiency is = cp x electrical machine efficiency 

Electrical machine efficiency is= power output/power input 

                                                    = 75/40 

 Overall efficiency = 0.3011 x 75/40 x 100 

                                                   = 56.45 

                                                  = 56% 

IV. RESULTS AND DISCUSSION 
The results was obtained successfully where different parameters measured and tested with no problem encountered in the 

process of obtaining the exact value of the calculated terms practically. 

The design and construction of a wind turbine is achieved based on the requirements of the horizontal axis wind turbine for the 

production of a direct current D.C to the direct appliances and for the electrification of electrical Engineering Department.  The 

turbine is set and installed on top of the building. The system contains difference LED signal that control the flow of current from 

the turbine to the battery and from battery to the appliances, so as to indicate any failure, overcharge or undercharge. All possible 

measurement and tests were carried out to ensure that the system is working efficiently based on the maintenance and the safety 

precaution towards the lifespan of the wind turbine (horizontal axis wind turbine). This is to ensure that the aim and object ives of 

this design was achieved successfully. 
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TABLE OF RESULTS 

1 Wind speed m/s 8.6m/s 

2 Output E.m.f (volt) 12V 

3 Output current (I) 

I = V/R 

6.7A 

4 Ideal power 

Ideal power =½ ρ ×V 3×A  

   

2516.7629 watts 

5 Actual power  

P= ½ ρ ×V 3×A×CP 

 

378.8986 watts 

6 Electrical resistance 

R = V2/P  

1.8 ohms 

7 Power  40watts 

8 Efficiency of the turbine 56% 
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