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Abstract  

      We have designed, fabricated and studied the vertical axis wind turbine and its 

characterization. The system has been locally designed to pump water. It is 

considered as a one of the best options for low speed wind. The turbine has 

eight blades , each blade is 1.8m in length,  and the area dimension of the turbine 3.6 

m
2 

. were investigated  the  best characterization of the system at low wind speed are 

Power turbine  depends on the wind speed. It was 280 Watt at 6m/s and 160 watt at 

5m/s  , and  the power after the turbine decreasing to factor  1/3. The system torque 

was 20 N.m , Power coefficient cap  0.29 , Tip speed ratio 0.46. It is suitable to be 

used in Iraq region , and low cost for get the water, It is important to reduce 

desertification and increase investment. 

 

Keywords: Renewable Energy, Wind Turbine, Wind Pumps design , vertical axis 

wind turbine ,blade design,  water pump  

 

في مديظة تكريت عظد سرعة الرياح الواطئة تصظيع توربين الرياح ذو الطحور الرأسي كطضخة مياه  
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 الخلاصة 
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1. Introduction 

     In the last 50 years, interest in renewable energy has increased considerably because of the 

increasing global need for energy and because of pollution increase. The scarcity of water 

used for human and agricultural use has led researchers to seek new, clean, environmentally-

friendly sources of energy, so researchers have developed systems or parts of systems to make 

use of solar energy, wind energy, water energy, etc. [1-3]. By using a wind tunnel many 

practical experiences for (VAWT) wind turbine to find the blade shape effect, show the 

increase in torque with the low speed with greater angle [4]. The performance of the small 

vertical axis wind system in an environment with a disturbance density greater than 30%, the 

effect of the vertical angle of the turbine, the horizontal speed of the wind, and the intensity of 

the turbulence on the output of electrical power. the results were that more than 90 percent of 

the energy is generated when the vertical angle is less than or equal to 4 [5]. The  height and 

diameter of the wind system is an important factor, in the performance of the rotors. 

Therefore the most appropriate choice when designing wind turbine, and the ratio between 

height and rotor diameter has been analyses [6]. The impact of  solidity and number of blades 

on the aerodynamic analysis of the vertical wind system Darius ,The results show that the 

turbine optimal tip speed ratio (λopt) is invariant to a newly introduced parameter [7]. 

Assemble a useful wind turbine and to analyze the presentation of two sorts of plan for wind 

turbine under various paces and practices of the wind. A three-cutting edge flat hub wind 

turbine (HAWT) and a Darrieus-type vertical hub wind turbine (VAWT) have been planned 

with CATIA programming and built utilizing a 3D-printing strategy [8]. A 2.14m wind-

powered pump model with a rotor giving an all-out surface region of 3.7m
2
 and the solidity of  

0.654 with a normal wind speed of 2.5 m/s at 16m over the ground level . A (HAWT) 

windmill with 3 rotor blade better rotor offset with a most extreme pump head of 0.3m to beat 

different obstructions to movement. The wind turbine works by transferring the wind part of 

its kinetic energy to the turbine, which turns into mechanical energy where the kinetic energy 

depends on its weight and speed square. Part of the wind power can also be diverted through 

the wind turbine by pushing the wind energy of the turbine blades to rotate the axle and 

depends on the turbine area as well as the geometric shape of the blades so that less wind 

power can be used. The turbine The Execution trial of the created wind pump uncovered an 

adequate release stream rate inside the scope of 3.4 to 6.44L/min for water system reason [9]. 

Dynamic Modeling is used to estimate the wind velocity with an error of 2%. The wind speed 

is estimated to the commonplace rather than measuring, from the rotating speed and generator 

power and the turbine’s aerodynamics including shadow tower, without having to measure the 

speed at any height of the blade position [10]. A wind turbine-water pump framework was 

introduced and assessed for its presentation and productivity. Wind turbines vary according to 

the spin axis, some are horizontal turbine(HAWT) and are most prevalent. The other is 

perpendicular to the spin axis, which is known as Darrieus and Savonius turbine (VAWT) , 

where it depends on how the blades are fixed to the spin axis,  this type of turbine exploits 

wind power from all directions. The outcome has demonstrated a direct connection between 

water release capacity and wind speeds. Because of the kind of turbine and low wind speed in 

this area, the framework effectiveness ended up being negligible, yet it was down to earth in 

light of the fact that the Wind control was free. A straightforward cost examination from the 

overview information additionally has demonstrated that utilizing a wind turbine in this locale 

will be beneficial when it tends to be worked for around two decades [11]. A windmill for 

pump water.  The vertical             multi-edge wind turbines and single-acting responding. The 

pump forces two main impetuses to lift and delays the edges of the turbine. At the point when 

these powers follow up on the edge, it turns and this turning sharp edge changes over the 

rotating movement of the windmill to responding movement of pump. This is the means by 

which the water is released [12].  

https://www.sciencedirect.com/topics/engineering/aerodynamic-performance
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The of this study is to design and fabricate a vertical axis wind turbine system for the 

exploitation of wind energy from all directions. The system was made of local and cheap 

materials. The turbine has a central spin axis and is mounted with metal arms to install the 

eight blades with length 1.8 m . The geometry was chosen as a parabola to exploit the largest 

volume of air at the lowest wind speed, as increasing the number of blades and increasing 

blade fatigue played a major role in making the system operate at low speed and efficiently to 

exploit wind energy. 

2.Theoretical part  

2.1 wind turbine 

The function of wind turbines is extracting energy from the wind and converting this kinetic 

energy into mechanical energy for use in generating electricity or raising water or other 

applications. The wind energy is proportional to the third power of the wind speed as in  

Equations (1,2) [13].                               

                                                   (1) 

Where:          is the  wind power;   is  the air density in (Kg/m
3
); A is  the area of turbine 

and    is the wind speed [14]. 

                                                   (2) 

Where:          is the actual wind power;   is the power coefficient; D is the diameter of 

turbine (m) [15]. 

 

Therefore,  the power coefficient factor can be found from the ratio of the power obtained 

from the wind to the total power (Equation (3)) . The area of vertical axis wind turbine can be 

found by Equation (4). 

   
       

      
                                                   (3) 

  
   

 
                                                            (4) 

The tip speed (λ) can be found from Equation (5,6)[15] 

λ = 
                 

                      
                                                  (5) 

  
   

  
                                                                    (6) 

Where: R  is rotational speed of the turbine ,    is the undisturbed wind speed  m/s ,                

ω  is the angular velocity  

The torque of turbine (T) is given by  Equation (7) 

T= ω×                                                                  (7) 

The undisturbed wind speed (m/s)  found from  Equation (8) [16] 

   
  

 
 

    

 
                                                         (8) 

                                                                 (9) 

Where: N is the number of blade [16] 

2.2 Pump Power 

To calculate the energy needed by the pump water, it is necessary to know the height from 

which the water will be  extracted, and how much water will be pumped into it. Dynamic 

pump height (Hd) should be calculated equation (10):  

                                                                   
Where:       the Water depth from Earth's surface                 the height of the water above 

the surface of the earth 

The value of the theoretical power needed to pump     water can be found from the Equation 

(11)[17,18].  Where :      The theoretical capacity to pump water 
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3. Experimental work  

Wind turbine was locally fabricated for water pump. It is constituted of many parts  

3.1 Base  
The turbine base  was designed and manufactured from affordable, cheap and highly efficient 

materials. It was designed to withstand the stress and vibration of the turbine. It is of pyramid-

shaped, (100 cm) height, made of wrought iron. The base is squared-shaped with a one side 

length of (60 cm). It is well-secured to the ground to resist strong winds .The turbine is fixed   

above the base  Figure 1 ,  represents Scheme for turbine base .  

 
Figure 1-The base of the system . 

 

3.2 Blade   

The blades are  made of aluminum as a strong, non-impact, lightweight material that does not 

weigh on the system. They are parabolic in shape  with dimensions (30cm width, 180cm 

height). As the wind hits the blades, wind energy is converted to  kinetic energy. These blades 

are attached to  an axle by means of the blade load arms with two screws. They are easy to fit 

so that they can  be changed easily, as shown in Figure 2. 

 
Figure 2- The turbine and the blades. 
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3.3 Turbine 
 The eight blades are  mounted on two metal octagonal shift.,  The rotor shift  is fixed in the 

centre  by two   ball-  bearing to carry the structure.  The turbine dimensions are  ( 1.8 m * 

2.5m ) ( Figure 2).  

3.3.1 Hub  

A light weight durable iron  hollow column has been used to withstand the stress and tension  

of the axle. It is with dimensions of 0.03cm thick ,3.5cm diameter, 250 cm long . It is 

responsible for delivering the movement of the blades, which are attached to the axle by 

means of the blade load arms, resulting from  the wind energy. The axle is linked to the base 

by a ball-  bearing,  as shown in Figure 3. 

 
Figure 3- The Hab. 

 

3.3.2 The Crow -bar for movement 

To facilitate movement, a rigid rod (  thickness  1 cm  length , 150 cm ) was used . Connected 

and installed on the one hand with the hard disk and on the other hand with a triangle-shaped 

crowbar where it converts the rotational motion into a horizontal linear motion that transfers 

the motion from the disk to the crowbar via an arm. This crowbar converts the horizontal 

linear motion to a vertical motion as in the form Figure  4. 

 
Figure 4- The Crow –bar . 
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3.4 Fly well 
A hard disk with dimensions (5 cm thick, 33 cm wide, 24 kg weight) has been used to help 

the  stability of the turbine. It absorbs and stores energy in the form of rotational torque. With 

this disc, the rotational motion of the axis is converted into horizontal linear motion by a 

small lever attached under the two colons as shown in Figure 5. 

 
Figure 5- Show fly well. 

3.5 Pumps  

       A pump of available, inexpensive and highly efficient materials was manufactured using 

a 5 cm diameter hollow plastic tube, 100 cm long with a valve mounted from the bottom that 

allows water to enter and is not allowed out, installed with a 1 cm diameter iron lip and 

length. (150 cm) Attached to the piston valve (sliding head), moving upwards, the water 

enters the cylinder and pushes the air out, as in Figure 6. 

 
Figure 6- Show water pump assemble 

 

3.6 Working of the system  

When  the system blades are exposed to wind  in any direction, wind speed kinetic energy will 

become rotational energy that moves the axle ; a hard disk  mounted at the bottom of the axle 

absorbs energy and converts it into rotational torque; as the hard drive mounted the movement 

lever attached to it, an axis that converts the movement of the turn into a horizontal linear 

movement and then into a triangular lever that transforms the movement from a horizontal 

linear movement to a linear vertical movement in which a lever connected to the pump is 

attached to the other side and which draws and compresses the plunger to lift water from 

wells and streams and as shown in Figure 7. 
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Figure 7-Show the wind turbine water pump. 

 

4. Result and discussion:  

     Wind speed is an important factor in the study of wind energy. The experiments were 

conducted in (Salah - ALdin Tikrit, located at the longitude line (43.35) east, and the latitude 

line (34.27)North). The power changes with wind speed changes was studied and measured 

the   direct ( before) , and  when wind speed  pass through the turbine (after )  It was found, as 

shown in Figure 8, that the power increases with increasing the wind velocity ,according to 

Equations (1 and 2) since  the power depends on the third power of velocity  the wind speed 

before turbine results in the power , as it passes through the turbine, taking into account the 

turbine area , and after interacting with the blades, it moves the turbine to take advantage of 

wind energy, so the power after turbine is reduced with the provision of kinetic and torque 

agreement with [19]. The power coefficient is calculated because it is an expression of the 

efficiency factor of the wind turbine. Also The power coefficient of the turbine is a function 

of the tip speed ratio, and depends on the diameter of the wind turbine, which was  considered 

to be constant in the measurements. The efficiency value of the turbine is the power 

coefficient, which expresses the output power to input power of the turbine  with constant 

wind turbine area . Time, in this case, has no affect but  wind speed and energy have. The 

geometry of the blades was chosen as a parabola to exploit the largest volume of air at the 

lowest wind speed.  

 
Figure 8- Relation between wind velocity after and before turbine with power  
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Additionally ,the power coefficient Cp was studied as a function of tip speed ratio. From 

Equations (3 and 6)and as shown in Figure 9 for wind speed of (1 to 6) m/s, it was found that 

Cp increased as the tip speed ratio increased, reaching a maximum then again decreases 

gradually. This conduct is an agreement with that of Kishore et al. [20]. 

 

 
Figure 9-Power coefficient Cp versus tip speed ratio. 

 
Figure 10-variation of the torque with number of cycle (Rpm). 

 

     The number of cycles of the turbine  was calculated in practice, from Equations (7 and 8), 

to find the torque of the turbine axis. It was found that the turbine torque increased as the 

number of cycles increased, as shown in Figure 10. This resulted from an increase in turbine 

power [21] meaning that the eight-blade turbine provided enough torque  to move the pump 

within a relatively low wind speed.  

From the study of the aerodynamic effect of the speed and pressure of the wind effect on the 

eight-blade turbine using the Ansys Fluent program,(as shown in Figure 11), an increase in 

the effect was observed from the top and from the bottom  of the high-velocity yellow colour.  

It was reduced by reversing the wind velocity from behind the turbine and less than the front 

dark colour, which would increase the pressure from above, making  the turbine rotate well, 

even at low speed, and increase the effect with increased speed. This results agrees with that 

of Rogowski et al.[22] . 
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Figure 11-CFD analysis of 2D Velocity contour. 

 

 4.1 Measuring the flow rate with wind speed 

Wind pump flow rate was calculated using the relationships (10 and 11); the experimental 

results of the pump were obtained at different wind speeds based on the system's capacity, 

Figure 12. It was observed that the flow rate of water increased with the increase of wind 

speed as the increase in wind speed led to an increase in the number of turbine cycles. The 

number of strokes in the water pump thus increases the amount of water received. This is in 

accordance with Patel[23] and Luna et al.[24]. 

 

 
Figure 12-Relation between wind speed and water flow rate. 

 

5. Conclusion: 

 Design and manufacture of a system for drawing and pumping water from wells or rivers 

using wind energy, in Salah-ALdin Iraq, was introduced. The selection of an eight-blade 

vertical turbine has helped well to obtain a proper spin speed and torque within the low wind 

speed. The pump was simple and cheap but effective in pumping water. The system  was 

good and effective for the conditions of the region, which is characterized by abundant 

agricultural land, and is useful to provide water for agricultural land where  providing 

electricity in remote agricultural areas is difficult. It is a promising start to provide water-

raising systems for agricultural land  and animals . 
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