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1. PRINCIPLE OF OPERATION 

1.1 HOW WIND CREATES ENERGY 

Wind is a form of solar energy caused by a combination of three concurrent events: 

 The sun unevenly heating the atmosphere 

 Irregularities of the earth's surface 

 The rotation of the earth. 

The terms "wind energy" and "wind power" both describe the process by which the wind is 

used to generate mechanical power or electricity. Wind turbines convert the kinetic energy from 

the wind into mechanical power. This mechanical power can be used for specific tasks (such as 

grinding grain or pumping water) or a generator can convert this mechanical power into 

electricity. 

A wind turbine turns energy in the wind into electricity using the aerodynamic force created by 

the rotor blades, which work similarly to an airplane wing or helicopter rotor blade. When the 

wind flows across the blade, the air pressure on one side of the blade decreases. The difference 

in air pressure across the two sides of the blade creates both lift and drag. The force of the lift is 

stronger than the drag and this causes the rotor to spin. The rotor is connected to the generator, 

either directly (if it's a direct drive turbine) or through a shaft and a series of gears (a gearbox) 

that speed up the rotation and allow for a physically smaller generator. This translation of 

aerodynamic force to rotation of a generator creates electricity. 

1.2 TYPES OF WIND TURBINES 

Modern wind turbines fall into two basic groups: 

Horizontal-Axis Turbines: Horizontal-axis wind turbines (pictured right) are what many people 

picture when you think of wind turbines. They most commonly have three blades and are 

operated "upwind," with the turbine pivoting at the top of the tower so the blades face into the 

wind. 

Large three-bladed horizontal-axis wind turbines (HAWT) with the blades upwind of the tower 

produce the overwhelming majority of wind power in the world today. These turbines have the 
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main rotor shaft and electrical generator at the top of a tower, and must be pointed into the 

wind. Small turbines are pointed by a simple wind vane, while large turbines generally use a 

wind sensor coupled with a yaw system. Most have a gearbox, which turns the slow rotation of 

the blades into a quicker rotation that is more suitable to drive an electrical generator. Some 

turbines use a different type of generator suited to slower rotational speed input. These don't 

need a gearbox, and are called direct-drive, meaning they couple the rotor directly to the 

generator with no gearbox in between. While permanent magnet direct-drive generators can be 

more costly due to the rare earth materials required, these gearless turbines are sometimes 

preferred over gearbox generators because they "eliminate the gear-speed increaser, which is 

susceptible to significant accumulated fatigue torque loading, related reliability issues, and 

maintenance costs. 

One Energy in Findlay, OH assembles one of their permanent magnet direct-drive wind 

turbines. 

The rotor of a gearless wind turbine being set. This particular turbine was prefabricated in 

Germany, before being shipped to the U.S. for assembly. 

Most horizontal axis turbines have their rotors upwind of the supporting tower. Downwind 

machines have been built, because they don't need an additional mechanism for keeping them 

in line with the wind. In high winds, the blades can also be allowed to bend, which reduces 

their swept area and thus their wind resistance. Despite these advantages, upwind designs are 

preferred, because the change in loading from the wind as each blade passes behind the 

supporting tower can cause damage to the turbine. 

Turbines used in wind farms for commercial production of electric power are usually three-

bladed. These have low torque ripple, which contributes to good reliability. The blades are 

usually colored white for daytime visibility by aircraft and range in length from 20 to 80 meters 

(66 to 262 ft). The size and height of turbines increase year by year. Offshore wind turbines are 

built up to 8(MW) today and have a blade length up to 80 meters (260 ft). Usual tubular steel 

towers of multi megawatt turbines have a height of 70 m to 120 m and in extremes up to 160m. 
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 Vertical-Axis Turbines: Vertical-axis wind turbines (pictured left) come in several varieties, 

including the eggbeater-style Darrieus model, named after its French inventor. These 

turbines are omnidirectional, meaning they don't need to be adjusted to point into the wind 

to operate. 

1.3 SIZES OF WIND TURBINES 

Utility-scale wind turbines range in size from 100 kilowatts to as large as several megawatts. 

Larger wind turbines are more cost effective and are grouped together into wind farms, which 

provide bulk power to the electrical grid. 

Offshore wind turbines are larger, can generate more power, and do not have the same 

transportation challenges of land-based wind installations, as the large components can be 

transported on ships instead of on roads. 
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Single small turbines—below 100 kilowatts—are typically 

used for residential, agricultural, and small commercial and industrial applications. Small 

turbines can be used in hybrid energy system with other distributed energy resources, such as 

microgrids powered by diesel generators, batteries, and photovoltaic. These systems are called 

hybrid wind systems and are typically used in remote, off-grid locations, where a connection to 

the utility grid is not available, and are becoming more common in grid connected applications 

for resiliency. Ref 1 

1.3.1 WIND POWER DENSITY  

(WPD) is a quantitative measure of wind energy available at any location. It is the mean annual 

power available per square meter of swept area of a turbine, and is calculated for different 

heights above ground. Calculation of wind power density includes the effect of wind velocity 

and air density. Wind turbines are classified by the wind speed they are designed for, from class 

I to class III, with A to C referring to the turbulence intensity of the wind. 
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1.3.2 EFFICIENCY 

Conservation of mass requires that the amount of air entering and exiting a turbine must be 

equal. Accordingly, Betz's law gives the maximal achievable extraction of wind power by a 

wind turbine as 16/27 (59.3%) of the total kinetic energy of the air flowing through the turbine. 

The maximum theoretical power output of a wind machine is thus 16/27 times the kinetic 

energy of the air passing through the effective disk area of the machine. If the effective area of 

the disk is A, and the wind velocity v, the maximum theoretical power output P is: 
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where ρ is the air density. 

Wind-to-rotor efficiency (including rotor blade friction and drag) are among the factors 

impacting the final price of wind power. Further inefficiencies, such as gearbox losses, 

generator and converter losses, reduce the power delivered by a wind turbine. To protect 

components from undue wear, extracted power is held constant above the rated operating 

speed as theoretical power increases at the cube of wind speed, further reducing theoretical 

efficiency. In 2001, commercial utility-connected turbines deliver 75% to 80% of the Betz limit of 

power extractable from the wind, at rated operating speed. 

Efficiency can decrease slightly over time, one of the main reasons being dust and insect 

carcasses on the blades which alters the aerodynamic profile and essentially reduces the lift to 

drag ratio of the airfoil. Analysis of 3128 wind turbines older than 10 years in Denmark showed 

that half of the turbines had no decrease, while the other half saw a production decrease of 1.2% 

per year. Ice accretion on turbine blades has also been found to greatly reduce the efficiency of 

wind turbines, which is a common challenge in cold climates where in-cloud icing and freezing 

rain events occur. Vertical turbine designs have much lower efficiency than standard horizontal 

designs. 

Refer 2 
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2. DESIGN AND CONSTRUCTION 

Wind turbine design is a careful balance of cost, energy output, and fatigue life. These factors 

are balanced using a range of computer modelling techniques. 

2.1 COMPONENTS 

Wind turbines convert wind energy to electrical energy for distribution. Conventional 

horizontal axis turbines can be divided into three components: 

 

 

-  The rotor, which is approximately 20% of the wind turbine cost, includes the blades for 

converting wind energy to low speed rotational energy. 

- The generator, which is approximately 34% of the wind turbine cost, includes the electrical 

generator, the control electronics, and most likely a gear box (e.g. planetary gear box), 

adjustable-speed drive or continuously variable transmission component for converting the 

low-speed incoming rotation to high-speed rotation suitable for generating electricity. 
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- The surrounding structure, which is approximately 15% of the wind turbine cost, includes the 

tower and rotor yaw mechanism. 

A 1.5 (MW) wind turbine of a type frequently seen in the United States has a tower 80 meters 

(260 ft) high. The rotor assembly (blades and hub) weighs 22,000 kilograms (48,000 lb). The 

nacelle, which contains the generator, weighs 52,000 kilograms (115,000 lb). The concrete base 

for the tower is constructed using 26,000 kilograms (58,000 lb) reinforcing steel and contains 190 

cubic meters (250 cu yd) of concrete. The base is 15 meters (50 ft) in diameter and 2.4 meters (8 

ft) thick near the center. 

 

 

1 mile per hour = 

0.44704 m / s 

Wind turbine components: 1-

Foundation, 2-Connection to the 

electric grid, 3-Tower (tubular steel), 

4-Access ladder, 5-Wind orientation 

control (Yaw control), 6-Nacelle, 7-

Generator, 8-Anemometer, 9-

Electric or Mechanical Brake, 10-

Gearbox, 11-Rotor blade(fiberglass), 

12-Blade pitch control, 13-Rotor 

hub. 

Ref 2 
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2.2 DESIGN  

- The height of the tower can vary from 1.5X to 3X the rotor radius. It is important to get the 

bottom of the blade well clear of the ground to avoid wind shear. 
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- the nacelle (enclosure directly attached to the rotor) contains a gearbox and one or more 

generator. the rotor rotates to about 20 to 40 rpm. The gearbox then gets a high-speed shaft 

rotating at about 1500 rpm. 

2.2.1POWER CURVE  

An example of a wind of 600 KW shows this curve power. 

 

2.2.2WIND POWER MODELLING  

The amount of energy which can be harvested by a wind turbine is expressed by multiplying 

the power of the wind with the coefficient of performance, CP. CP is depending on the blade 
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design as well as the number of blades, and is a function of the blade pitch angle and the tip 

speed ratio, λ, which is the ratio between the blade tip speed and the wind speed (M. Ragheb & 

Ragheb, 2011). The CP value increases with λ until the optimal ratio around 7, which is the 

point where the negative effects from a high tip speed becomes major to the positive effects. The 

positive effects from a high λ are good breaking of the wind and high efficiency of the 

generator. The negative effects are increased noise, blade, erosion, drag losses and increased 

flow around the wind turbine instead of through it. If all the kinetic energy in the wind was to 

be extracted, the wind would stop completely and no wind would be able to pass through the 

wind turbine. Therefore, according to Betz law, the theoretical maximum value of CP is 0.593 

(Dixon & Hall, 2014). In reality three bladed wind turbines normally have a maximum CP value 

in the span of 0.4 to 0.5, which sometimes also includes mechanical and electrical losses (Carrillo 

et al., 2013). A power curve describes the power production of a wind turbine as a function of 

the wiwind speed. Power curves could either be provided by the wind turbine manufacturer or 

be approximated. A real wind power curve, Preal, is described as a function of CP (v), which 

varies with the wind speed. The approximate cubic power function, Pcub, is according to 

Carrillo et al. (2013) a widely used simplified model of the power curve, even though it slightly 

overestimate the electricity production. The simplification is to set the CP value constant at its 

maximum value, CP,max, for all wind speeds. The difference between a real and an 

approximate cubic power curve can be seen in Figure 2.1, and the equations for the curves can 

be seen in next Equations respectively. 
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In Tripoli, the wind power density is about 258 w/   
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We will build insha Allah a 5kW wind turbine then according to the formula 

 

Then P (wind turbine) =0.59* Wind Power Density*Swept area of blades  

5000 w =0.59*258 w/   *A 

A=32.84    

Radius=3.23 m 

Therefore, the height of tower should be between 1.5X to 3X the rotor radius, then between 4.85 

&9.7m. The speed of wind is between 6.0 m/s (13.4mph) / 6.4m/s (14.3mph). 

 (λ(TSR)=4*pi/number of blades) 

rpm = 60 * V * TSR / (Pi * D) 

Number of rotation per minute =77 
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2.2.3 THE TIP-SPEED RATIO 

X, or TSR for wind turbines is the ratio between the tangential speed of the tip of a blade and 

the actual speed of the wind, v. The tip-speed ratio is related to efficiency, with the optimum 

varying with blade design. Higher tip speeds result in higher noise levels and require stronger 

blades due to large centrifugal forces. 

 

The cross section of a blade element under loading at the parking position 
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2.2.4 INSIDE WIND TURBINE  
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Anemometer: 

Measures the wind speed and transmits wind speed data to the controller. 
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Blades: 

Lifts and rotates when wind is blown over them, causing the rotor to spin. Most turbines have 

either two or three blades. 

Brake: 

Stops the rotor mechanically, electrically, or hydraulically, in emergencies. 

Controller: 

Starts up the machine at wind speeds of about 8 to 16 miles per hour (mph) and shuts off the 

machine at about 55 mph. Turbines do not operate at wind speeds above about 55 mph because 

they may be damaged by the high winds. 

Gear box: 

Connects the low-speed shaft to the high-speed shaft and increases the rotational speeds from 

about 30-60 rotations per minute (rpm), to about 1,000-1,800 rpm; this is the rotational speed 

required by most generators to produce electricity. The gear box is a costly (and heavy) part of 

the wind turbine and engineers are exploring "direct-drive" generators that operate at lower 

rotational speeds and don't need gear boxes. 

Generator: 

Produces 60-cycle AC electricity; it is usually an off-the-shelf induction generator. 

High-speed shaft: 

Drives the generator. 

Low-speed shaft: 

Turns the low-speed shaft at about 30-60 rpm. 

Nacelle: 

Sits atop the tower and contains the gear box, low- and high-speed shafts, generator, controller, 

and brake. Some nacelles are large enough for a helicopter to land on. 
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Pitch: 

Turns (or pitches) blades out of the wind to control the rotor speed, and to keep the rotor from 

turning in winds that are too high or too low to produce electricity. 

Rotor: 

Blades and hub together form the rotor. 

Tower: 

Made from tubular steel ,concrete, or steel lattice. Supports the structure of the turbine. Because 

wind speed increases with height, taller towers enable turbines to capture more energy and 

generate more electricity. 

Wind direction: 

Determines the design of the turbine. Upwind turbines—like the one shown here—face into the 

wind while downwind turbines face away. 

Wind vane: 

Measures wind direction and communicates with the yaw drive to orient the turbine properly 

with respect to the wind. 

Yaw drive: 

Orients upwind turbines to keep them facing the wind when the direction changes. Downwind 

turbines don't require a yaw drive because the wind manually blows the rotor away from it. 

Yaw motor: 

Powers the yaw drive. The tower, for example, is over 26% of the total cost of a wind turbine, 

rotor blades 22%, the gearbox 13%, and the other components 5% or less. 

Rotor hubs are made with welded sheet steel, cast iron, forged steel. The types of rotor hubs are: 

Hinge-less hub-Teetering hub 

(ref 3) 
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3. SUPPLIER  

3.1 WIND TURBINE GENERATOR 5 KW 
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3.2 BLADES MANUFACTURER 
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3.3 SUPPLIER OF GEAR BOX (SPEED UP) 

 



37 

 

 

 



38 

 

 

4. REFERENCES 

-1- https://www.energy.gov/eere/wind/how-do-wind-turbines-work 

- 2- https://en.wikipedia.org/wiki/Wind_turbine 

-3-https://www.energy.gov/eere/wind/inside-wind-turbine 

https://en.wikipedia.org/wiki/Wind_turbine

